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Abstract

Foreign aid is a major flow of income into sub-Saharan African (SSA) countries, averaging roughly
12% of GDP over the last four decades. Yet, SSA countries are characterized by very low per capita
output, low human capital attainment, and widespread poverty. This dissertation investigates the
macroeconomic and welfare effects of foreign aid to SSA countries. The empirical part of the
dissertation studies 22 SSA countries, and uses a cointegrated vector autoregressive analysis
(CVAR). This methodology identifies long-run effects without imposing strong statistical priors. |
introduce tradable and non-tradable sectors into the analysis to determine if the so-called “Dutch
Disease” is the reason for the plight of SSA countries. “Dutch Disease” occurs when a positive
shock to foreign aid perversely reduces GDP, by decreasing the relative price of tradable to non-
tradable goods, thus reducing the size of the tradable sector. While I find that aid reduces GDP in
eight countries, this result is inconsistent with the “Dutch Disease” as it is not accompanied by
large relative price changes. The analysis controls for a number of country-specific characteristics
including extraordinary events. Overall, I find non-positive impacts of foreign aid on GDP and the
tradable sector, with a few exceptions. | also consider the reverse causal channel and test whether
country-specific macroeconomic variables drive foreign aid flows. | find that GDP, tradable output,
and tradable and non-tradable goods prices do affect the amount of aid a country receives in 15
countries. These variables have no impact on foreign aid (aid is considered as weakly exogenous)

in six countries.

The theoretical part of the dissertation develops two dynamic stochastic general equilibrium — real
business cycle — (DSGE-RBC) models to analyze the effects of foreign aid on human capital
investment and the business cycle. The distinguishing feature of the models is to embed a human
capital investment in a small open economy model of Mendoza (1991). The first model considers
one-sector DSGE model, which is followed by two-sector (tradable and non-tradable) DSGE
model. Both models distinguish between physical and human capital investment and allow for
labor-leisure choice. In the analysis, labor supply and time spent studying or acquiring skills are
optimally chosen. The models are calibrated to match the key features of the Kenyan economy. In
both models, a positive aid shock initially has a negative impact on labor supply and output.
However, the shock subsequently has a positive effect on physical and human capital investment,
and time spent studying. This is due to a positive income effect from the shock. A rise in foreign
aid increases consumption; consumption smoothing across periods raises physical and human

capital investment, labor productivity, and output. | also find that reducing the volatility of aid has



a significant positive effect on human capital investment and welfare. Policymakers should focus

on reducing the volatility of foreign aid and not solely concentrate on the average level of aid.

The analysis of the two-sector DSGE-RBC model incorporates the role for the “Dutch Disease”
mechanism. Consistent with the “Dutch Disease”, | find that a shock to foreign aid appreciates the
relative price of non-tradable goods that causes the factors of production to reallocate from the
tradable sector to the non-tradable sector, leading to a decline in GDP and the tradable output.
Finding the “Dutch Disease” result here is not necessarily at odds with the CVAR estimation results
as the DSGE-RBC simulation is a short-run analysis and the CVAR estimation is a long-run

analysis.
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Chapter 1

Introduction

The people of sub-Saharan Africa (SSA) are the poorest in the world: about 42% of the estimated
910 million people in SSA, in 2013, lived below the World Bank’s extreme poverty line of US
$1.90 a day’. This extreme poverty persists despite SSA countries receiving more than a trillion
dollars? in foreign aid since 1960. The ratio of foreign aid (official development assistance) to GDP
in SSA countries has averaged 12% from 1970 to 2014, averaging around 8% in 2014. It is an open
guestion of whether foreign aid to SSA countries has been effective in promoting economic

development and growth.

Education is the cornerstone of economic development. It improves the efficiency of physical
capital utilization and accelerates an economy’s technological progression. It stimulates
development and improves people’s lives by increasing efficiency and fostering democracy (Barro,
1997; 2001), thus creating better conditions for quality governance, improving the health care
system, and reducing inequality (Aghion et al., 1999). In particular, Barro (1991), Lucas (1988),
Mankiw et al. (1992), and Sen (1999) emphasize the role of education and human capital

accumulation, in the growth process from a macroeconomic perspective.

At the beginning of the 21% century, the United Nations (UN) had included universal access to
education as the second of its Millennium Development Goals (MDGs). Yet, many parts of sub-
Saharan Africa are still struggling to achieve primary school completion rates above 68%. The
average number of schooling years completed in SSA was only five years in 2010. In 2016,
UNESCO? stated that SSA countries had the highest rates of children and youth out of school: 20%
of children aged six to 11 years, 33% of youth aged 12 to 14 years, and nearly 60% of the youth

! Calculations based on the database from World Development Indicators (2018). “Poverty headcount ratio
at $1.90 a day is the percentage of the population living on less than $1.90 a day at 2011 international prices”
(WDI, 2018).

2 1n 2010 constant US dollars, OECD database.

3 http://uis.unesco.org/en/news/263-million-children-and-youth-are-out-school



aged 15 to 17 were not attending school. Guarcello et al. (2015) examine 25 developing countries,
including eight SSA countries, and find that the majority of out-of-school children are usually
engaged in child labor“. Education is one of the key components that can help in reducing child

labor.

The UN’s Sustainable Development Goals (SDGs) for the period 2015-2030 emphasize universal
secondary education as well as access to job-skills training at higher education levels (Sustainable
Development Solutions Networks Thematic Group on Early Childhood Development, Education
and Transition to Work, 2014). By 2030, more than 600 million children in the world need to be
enrolled in school to achieve the SDG goal of education for all. According to the UNESCO Global
Education Monitoring (GEM) Report (2015), the world needs $39 billion annually to provide 12
years of quality education for all. According to the UNICEF Report (2015), 46 low-income
countries, mostly located in sub-Saharan Africa, would need $26 billion yearly to achieve this goal.
Poor educational attainment in SSA is a result of numerous factors including insufficient
educational infrastructure which can be traced to insufficient resources available in these countries
(Birdsall et al., 2001). Foreign aid can be aimed to bridge the resource gap between the required

investment and the available resources, and can play a crucial role in meeting the SDGs.

Foreign aid is a major source of income for SSA countries. If well targeted, it can help recipient
countries progress along their developmental paths (Sachs, 2005). From 1971 to 2016, total aid to
education increased in real terms® from $10.3 billion to $12.2 billion - a 20% increase. However,
over the same period, total aid disbursed to developing countries has increased by 400% and
reached $176 billion in 2016 (See Figure 1.1a). During this period, aid to education as a share of
total aid fell from around 23% to 7%. Figure 1.1b shows that aid to education as a share of total aid
is decreasing, which means that achieving the SDG goal of education for all is likely to become
more difficult. Figure 1.1c shows the distribution of aid to education from 2002 to 2016, whereas
Figure 1.1d illustrates the averages for the period. On average, aid to tertiary education constituted
37% of total aid to education followed by aid to primary education which constituted around 30%,

while aid to secondary education only constituted 10% of total aid to education.

4 32% of children aged seven to 11 years and 23% of children aged 12 to 14 years are working.
®> Constant 2016 US$.



Figure 1.1: Aid to developing countries (Source: OECD 2017)
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Figure 1.2 illustrates the behavior of the net official development assistance (ODA) per capita to
SSA countries, for the last four decades. During the 1970-1994 period, the net ODA per capita was
increasing; however, between 1994 and 2000, aid per capita declined due to structural adjustment
programs adopted by the World Bank and the International Monetary Fund (IMF). Since 2001, the
net ODA per capita began to increase, but by 2006 it started to decline. In 2005, the G8° held their
meeting in Gleneagles, Scotland, and agreed to double the net ODA per capita to Africa by 2010,
and keep it at that level thereafter. Unfortunately, the net ODA per capita started to fall shortly after
the Gleneagles commitment. The decline in the net ODA per capita raises an important policy

question: How can the SSA countries achieve the SDG goal of universal education?

& Group of Eight: Canada, France, Germany, Italy, Japan, Russia, UK, USA



Figure 1.2: Net per capita official developments assistance to SSA countries (Source: WDI, 2017)
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While foreign aid may increase human capital investment by increasing resources; it may also have
adverse effects. Foreign aid may appreciate the relative price of non-tradable goods (i.e. real
exchange rate), leading to the reallocation of resources away from the tradable sector. The
appreciation of the relative price of non-tradable goods reduces the competitiveness of exports,
especially the manufactured goods (Corden, 1984), and has an adverse effect on the productive
efficiency (Doucouliagos and Paldam, 2009). This so-called “Dutch Disease” has received
considerable attention in the literature. Foreign aid is argued to have a negative impact on income
and growth. Aid may also have adverse effects on economic sectors that are most in need of
development such as the human-capital intensive tradable sector; this may reduce the return to
education and decrease human capital investment. The manufacturing and services sectors are skill-
intensive; skills must be continuously improved to maintain high profits and returns to skills which

can be achieved by investing in education (Gylfason, 2001).

Another important question is whether the variability and uncertainty of foreign aid have
detrimental welfare effects that undo the possible welfare benefits of foreign aid. The volatility in
the flow of foreign aid arises largely from irregular aid disbursement patterns and donors
conditionality (Pallage and Robe, 2001; Bulir and Hamann, 2003, 2008; Bulir and Lane, 2004).
Unexpected aid shortfalls can lead recipient governments to reduce investment in human and
physical capital, whereas aid windfalls increase government consumption (Celasun and Walliser,
2008). Fluctuations in the amount of foreign aid to the low development countries may have
significant implications on the volatility of total output, consumption, and investment in those

countries. The volatility of aid may negatively affect investment and welfare.



This dissertation provides a comprehensive analysis of the long-run impact of foreign aid to SSA
countries. In particular, | investigate the impact of foreign aid on GDP as well as its impact on the
tradable and non-tradable outputs and prices. First, | start with an empirical investigation of 22 SSA
countries, using a cointegrated vector autoregressive (CVAR) model. Then, | provide a theoretical
analysis, by using dynamic stochastic general equilibrium — real business cycle — (DSGE-RBC)
models. A one-sector DSGE-RBC model is used to investigate the short-run impact of foreign aid
on output, private human capital investment, and time devoted to acquire new skills. A two-sector
DSGE-RBC model is developed to incorporate the role of the “Dutch Disease” mechanism and its

effect on the GDP’s structure, in addition to total output and human capital accumulation.

Both DSGE-RBC models are calibrated to match the salient features of the Kenyan economy for
the 1970-2014 period. Because | study Kenya in greater details, Chapter 2 provides a description

of the key features of the Kenyan economy.

Chapter 3 develops the empirical CVAR analysis of the long-run impact of aid flows on GDP and
its composition for 22 sub-Saharan African countries. | find that aid has a persistent negative long-
run impact on GDP in eight countries, a positive impact in three countries, and no effect on the rest
of the countries. Foreign aid also appears to have diverse impacts on the GDP’s composition. I find
that aid has a positive impact on the tradable output in four countries and on the non-tradable output
in six countries. On the other hand, aid flows have persistent negative impacts on the tradable and
non-tradable sectors in 16 and five countries, respectively. | do not find that the negative impacts
on the tradable sector are caused by the mechanism of a decline in the relative price of tradable to
non-tradable goods. Thus, the analysis does not support that foreign aid to SSA countries causes
the “Dutch Disease”. For Kenya, a foreign aid shock has a persistent negative impact on GDP and
the tradable output. However, foreign aid has only a transitory impact on tradable and non-tradable

goods prices.

In Chapter 4, | develop a one-sector DSGE-RBC model of the Kenyan economy. | find that a
positive shock to aid has business cycle implications. Initially, it lowers labor supply and output.
However, subsequently, it has a positive effect on output which is due to the positive income effect.
Acrise in foreign aid increases consumption; consumption smoothing across periods raises physical
and human capital investment, time spent studying, and labor productivity. The one-sector DSGE-
RBC model finds that reducing the volatility of foreign aid has a significant positive effect on
human capital investment and welfare. Policymakers should focus on reducing the volatility of

foreign aid and not only on the average level of aid as foreign aid is highly volatile in SSA countries.



Chapter 5 extends the one-sector DSGE-RBC model in Chapter 4 into a two-sector DSGE-RBC
model, by splitting the total output into tradable and non-tradable sectors. This extension
incorporates the “Dutch Disease” mechanism into the model. Here, | find results similar to those in
Chapter 4 concerning output, private human capital investment, study time, labor supply, physical
capital investment, and consumption. In addition, the two-sector DSGE-RBC model suggests that
a positive foreign aid shock leads to an appreciation of the relative price of non-tradable goods.
The appreciation of the relative price of non-tradable goods leads to a reallocation of resources
from the tradable to non-tradable sector, causing the tradable sector to shrink and the total output
to drop. In addition, results show that decreasing the volatility of aid increases private human capital
investment and study hours. Finally, a vector error correction model (VECM) analysis provides

results that are consistent with the dynamics of the two-sector DSGE-RBC model.

The rest of this dissertation is organized as follows: Chapter 2 introduces Kenya, the country |
choose to calibrate my DSGE-RBC models. The empirical part of the dissertation is presented in
Chapter 3. Chapter 4 develops the one-sector DSGE-RBC model. In Chapter 5, | develop the two-

sector DSGE-RBC model. The conclusion is discussed in Chapter 6.



Chapter 2

Kenya

2.1- Introduction

Kenya is located in East Africa and covers an area of 581,309 km?and has an estimated population
of 50 million people in 2017; per capita income in Kenya was estimated at $3000 (PPP). Kenya is
considered a typical aid recipient country where the aid-to-GDP ratio averaged around 6% for the
period 1970-2014 period. | have chosen Kenya for the following reasons. First, it is an aid-
dependent country. Second, Kenya’s aid receipts as a share of GDP have been about half those of
other sub-Saharan countries (See Table 3.1A), so doubling or tripling foreign aid is more applicable
than elsewhere. Third, Kenya has produced higher-quality macroeconomic data than many other

SSA countries.

Kenya gained its independence from the United Kingdom on December 12% 1962. Since
independence, Kenya has been a relatively stable country in sub-Sahara Africa with only one
military coup attempt on August 1%, 1982. However, a political and humanitarian crisis occurred
between December 2007 and February 2008 that led to chaos where 1,500 people were killed and

about 600,000 people were displaced. Below, I discuss the structure of the Kenyan economy.
2.2- Agricultural Sector

Agriculture in Kenya is an important sector. It employed around 61.1% of the total employed labor
force in 2005 (KILM, 2005). In 2014, the agricultural sector including forestry and fishing
contributed 28% of the Kenyan value-added GDP, a decline from around 31% in 1970 (WDI,
2017). For the period 1970-2014, the agricultural sector grew at an average growth rate of 3.2%
which is the same rate of population growth in Kenya. The agricultural sector is characterized by a
poor performance which has negative implications on poverty levels as well as on the standard of
living of the Kenyan people.



Around 48% of Kenyan land (274500 km?) is classified as agricultural land; however, 16% of
Kenyan land (91500 km?) is considered as high to medium agricultural potential, while the rest is
arid and semi-arid land (ASAL) with low agricultural potential. About 11% of the Kenyan
population lives in the ASAL region and the rest lives in high to medium agricultural potential land
regions. Most of the agricultural products are produced by small farms. There are about three
million small-scale farms’, where 81% of these farms are less than 20,000 m? each®. The small-
scale farms contribute between 70-75% of the country’s total value of the agricultural output and
about 85% of the total employment in the agricultural sector; the rest is produced by the large-scale
farms® (Odhiambo et al., 2004). The main agricultural products are maize, rice, sugar cane, coffee,

tea, raw milk and horticultural.

The usage of agriculture machinery (tractors) is not intensive in Kenya. In 2002, tractors per 100
km? of arable land were 25, up from 20 in 1970. This number is 10% of that of the USA (WDI,
2017). The production in the large-scale farms relies heavily on techniques that are capital intensive
(i.e. mechanised harvesting, tractors, etc...) and are more productive than the small-scale farms
which are characterized by high labor intensity and the usage of traditional technologies (i.e. ox-

drawn carts for plowing) (Odihiambo et al., 2004).
2.3- Manufacturing, Mining and Quarrying Sectors

The manufacturing sector in Kenya contributed 10% of the value added GDP in 2014. For the
period 1970-2014, the manufacturing sector averaged about 10.5% of the total output, peaking to
12.8% in 2007 (WDI, 2017). On average the manufacturing sector grew by 5% for the same period.
In 2005, only 4.2% of the total employed labor force was employed in the manufacturing sector
(KILM, 2005).

There are many obstacles facing the manufacturing sector in Kenya. For instance, private and
public investments in the manufacturing sector are low and are not enough to enable the sector to
take off. Public infrastructure investments are essential to reduce transaction costs, while private
investments in technology and research and development (R&D) are essential to increase efficiency
and productivity. Both types of investment are required for the manufacturing companies in Kenya
to compete internationally (Bigsten et al., 2010). However, R&D expenditure as a percentage of

GDP in Kenya is very low compared to developed countries. In 2010, Kenya spent 1% of its GDP

7 Areas of the farms range from 5,000 to 100,000 m?2.

8 Kenya's Agricultural Produce. Retrieved from:
http://www.kenyabrussels.com/index.php?menu=6&Ileftmenu=88&page=89
9 Average size: 7 million sq. m.



on R&D (WDI, 2017). In reality, Kenyan manufacturing firms rely heavily on foreign technology
and foreign R&D. The location of Kenya at the equator makes it far from the countries that are
technology leaders. This remoteness is a disadvantage relative to countries that are closer to the
leaders (Keller, 2002). The main manufacturing products in Kenya are the following: food
manufacturing, textiles, footwear, leather, rubber and plastic, petroleum, industrial chemicals,

paints, furniture and fixtures, soft drinks, cement, and metal products.

The mining and quarrying sector contributed less than 0.8% of the Kenyan GDP in 2014 (KNBS,

2015). The main minerals produced are: soda ash, limestone, gold, salt, and fossil fuel.
2.4- Other Industries

This sector includes telecommunication, construction, electricity, gas, and water. This sector is
heavily capital intensive and contributed 7.25% of the total value added GDP in 2014. This sector
grew on average by 5% for the 1970-2014 period (WDI, 2017). In 2005, 2.6% of the total employed

labor force was working in other industries (KILM, 2005).
2.5- Service Sector

The service sector in Kenya is the largest sector. Service sector’s contribution represented 48% of
the Kenyan economy in 2014 (WDI, 2017). In 2005, 32.2% of the employed labor force was
employed in the service sector (KILM, 2005). The service sector as a share of GDP has increased
from 42% in 1970 to 48% in 2014 and grew on average by 5%. The service sector includes the
following services: wholesale and retail trade, hotels and restaurants, storage, transport and
communications, insurance, financial intermediaries, real estate, business services, government,

education and healthcare, community social and other personal services.

2.6- GDP’s Composition and the Relative Price of Non-tradable Goods

The tradable output is composed of following sectors: agricultural, forestry, hunting, fishing and
manufacturing sectors. The rest of the GDP is assumed to be a non-tradable output. The tradable
output-to-GDP ratio has declined from 41% in 1970 to 37% in 2014. Figure 2.1 below shows the
non-tradable-to-tradable output ratio and the relative price of non-tradable goods. Consistent with
the “Dutch Disease” phenomenon, the movements in the non-tradable-to-tradable output ratio is
positively related to the movement of the relative price of non-tradable goods.



Figure 2.1: Non-tradable-to-tradable output ratio and the relative price of
non-tradable goods (Source: Author's calculation based on WDI, 2017)
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2.7- Schooling System in Kenya

The current system of education was established in 1985. It follows the USA educational system
model; the basic (primary and middle) education consists of 8 years followed by 4 years of
secondary education and 4 years of university education. The average years of schooling in Kenya
was 6.3 years'® in 2015, which means that on average the majority of Kenyans did not complete
their basic education. In 2010", 55% of Kenyans aged 15 and above had attended primary school
but only 22% had completed it; 22.5% had attended secondary school but 13.3% had completed it;
and 6.5% had attended tertiary schooling, but with a completion rate of only 3.4%. Government
spending on public education was on average 5.36% of the total GDP for the 1970-2014 period
and 5.45% of the total GDP during the 2002-2014 period.

2.8- Foreign Aid

Kenya is a typical aid recipient country that receives a considerable amount of foreign aid. Aid
flows to Kenya (in 2010 constant USD) have been volatile, increasing from US $242 million in
1970 (3.6% of GDP) to a peak of US $3.5 billion in 1993 (16% of GDP - see Figure 2.2). However,
foreign aid dropped during the 1994-1999 period due to actions that were taken by international
donors, the International Monetary Fund (IMF) and the World Bank, who forced the Kenyan
government to start economic reforms in 1994. Foreign aid reached a low of $630 million (2.4%
of GDP) in 1999 with some recovery thereafter in response to the devastating drought that hit
Northern Kenya in 2000 where 3 million people starved. The resumption of aid coincided with the

change of the Kenyan government after the 2002 elections.

10 Education Index issued by UN.
11 See Baroo and Lee (2013).
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Figure 2.2: Kenyan aid-to-GDP ratio 1970-2014 (Source: WDI, 2017)
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From 2002 till 2014 aid-to-GDP averaged around 5% and aid to education as a total percentage of
total aid disbursed did not exceed 5%, that is only 0.25% of total aid went directly to support the
education system in Kenya. Figure 2.3 illustrates the distribution of aid into education among
different educational levels for the 2002-2014 period. The primary education received 42%,
secondary education received 12%, tertiary education received 23% of total aid to education, and
the rest were used for unspecified purposes.

FIGURE 2.3: AID TO EDUCATION SHARE BY EDUCATIONAL
LEVELS(AVERAGES 2002-2014. SOURCE: OECD, 2017)

Unspecified, 23%

y

Primary, 42%

Tertiary, 23%

8 Secondary, 12%

11



Chapter 3

Have Sub-Saharan African Countries Caught the
“Dutch Disease” from Foreign Aid?
A Cointegrated VAR Analysis

3.1-Introduction

The literature on the effectiveness of foreign aid has widely diverse results and views (e.g. Howes
(2011)). In a recent paper, Juselius et al. (2014) discuss the methodological issues behind the widely
varying results in the literature. The use of a single equation to estimate the effect of foreign aid
usually suffers from endogeneity bias; a valid instrumental variable for foreign aid is hard to find.
In addition, the use of cross-country data analysis does not capture the dynamic effects of aid and
its short-run and long-run effects on the macro economy. Durlauf (2002) argues that cross-country
growth regressions are not informative for policymakers as there is no relationship between
statistical significance and policy implications. Furthermore, panel data models are estimated under
strict assumptions about the causal mechanisms. In contrast to these approaches, the unrestricted
country-specific cointegrated vector autoregressive (CVAR) methodology allows for the
identification of long-run results, without imposing strong statistical priors while controlling for

country-specific characteristics and extreme events.

Juselius et al. (2014) apply their CVAR methodology to examine SSA countries, as this region is
the leading case for identifying whether foreign aid is effective. They provide an overview of the
long-run impact of foreign aid on real GDP, investment, private consumption, and government
expenditure in 36 SSA countries. They find that in 27 SSA countries, foreign aid has a positive
impact on either GDP or investment, or on both. The findings of Juselius et al. (2014) are
compelling because they employ a CVAR methodology and control for a number of country-
specific characteristics including extraordinary events. However, they use PPP adjusted data which

precludes the change in the relative prices within the country.
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I extend the Juselius et al. (2014) model to examine the impact of aid on GDP and its composition
into tradable and non-tradable sectors. In addition to being more disaggregated, my approach allows
for the identification of the “Dutch Disease”. The “Dutch Disease” occurs when a positive shock
to the foreign aid reduces GDP by decreasing the relative price of tradable to non-tradable goods,

and reducing the size of the tradable sector.

The term “Dutch Disease” was coined by The Economist in 1977; Corden (1984) describes the
situation in the Netherlands following the discovery of natural gas in the 1960s. The appreciation
of the Dutch Guilder following the discovery reduced the competitiveness of manufactured goods
exporters. In the same way, foreign aid in less-developed countries may negatively impact those

sectors most in need of development, such as the tradable sector (Larrain and Sachs, 1993).

This chapter provides a comprehensive analysis of the long-run impact of foreign aid on GDP,
tradable and non-tradable outputs, and tradable and non-tradable goods prices. Based on the reliable
data for the tradable and non-tradable sectors for 22 SSA countries, during a period spanning from

the mid-1960s to 2014, | contribute to the literature in three ways.

First, | develop a CVAR model designed to examine the long-run impact of aid flows on GDP and
its composition for each country. | draw several conclusions motivated by the presence of two
types of heterogeneity: aid heterogeneity, where each country receives a different aid-to-GDP
share; and GDP’s composition heterogeneity, where GDP’s structure of tradable and non-tradable
sectors differs across countries. | find that aid has a persistent negative long-run impact on GDP in
eight countries, a positive impact in three countries, and no effect on the rest of the countries.
Foreign aid also has diverse impacts on GDP’s structure. | find that foreign aid has a positive impact
on the tradable output in four countries and on the non-tradable output in six countries. On the other
hand, aid flows have persistent negative impacts on the tradable and non-tradable sectors in 16 and

five countries, respectively.

Second, the analysis does not support that foreign aid to SSA countries causes the “Dutch Disease”
in the long-run. | do not find that negative impacts on the tradable sector are caused by the
mechanism of a decrease in the relative price of tradable to non-tradable goods®. This raises a
future research question of what transmission mechanism in the SSA countries causes the tradable

sectors to shrink when aid increases.

12 No single country has experience the four phases of “Dutch Disease”: decrease in the price of tradable
goods, increase in the price of non-tradable goods, decrease in the tradable output, and decrease in total
output.
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Third, 1 examine whether country’s macro variables impact the amount of foreign aid a country
receives. | find that GDP, tradable output, and tradable and non-tradable goods prices do affect the
amount of foreign aid a country receives: aid is found to be neither weakly exogenous nor
completely endogenous in 15 countries. These variables have no impact on foreign aid in six

countries: aid is considered as weakly exogenous.

In my model, | take into account a number of variables and factors that reflect country-specific
characteristics. Some idiosyncratic events have a significant impact on the economy. For instance,
structural reforms, civil wars, conflicts, droughts, floods, and policy interventions may impact the
variables of interest in ways which may change the results (Nielsen, 2008). These variables tend to
bias the model parameter estimates unless adequately controlled for. In addition to permanent and
transitory impulse dummies to account for extraordinary shocks, | use step dummies to account for

equilibrium mean shifts in the equilibrium long-run relations.

The impact of aid on GDP and its composition is also examined by Arndt et al. (2015), Kumi et al.
(2017), and Selaya and Thiele (2010). My paper differs in five key ways. First, | investigate the
long-run impact of aid on the tradable and non-tradable sectors, whereas these papers analyze the
impact of aid on the main sectors (agriculture, manufacturing, industry, and services sectors).
Second, | use aid in levels, whereas aid as a share of GDP is used in the other papers. Unlike aid-
to-GDP ratio in some countries, aid in levels is non-stationary. Third, the econometric methodology
is different: | use a time series approach for each country similar to the Juselius et al. (2014)
methodology. Arndt et al. (2015) use cross-section data analysis, and the other two papers use a
generalized method of moments (GMM-SY'S). Fourth, heterogeneity is more robustly addressed in
my model, where each country is modeled with its idiosyncratic characteristics. Fifth, for policy
implications, it is preferable to separately study the impact of aid on each country’s economy, since

one policy that works well in one country may not necessarily work in another.

Understanding the roles of the tradable sector is important for development policy. In 2015, the
United Nations adopted a set of seventeen Sustainable Development Goals (SDGs). Goal 2 is to
“end hunger, achieve food security and improved nutrition, and promote sustainable agriculture”
by 2030; Goal 9 is to “build resilient infrastructure, promote inclusive and sustainable
industrialization, and foster innovation”.®* These objectives could be better achieved if less-
developed countries were able to increase agricultural productivity, manufacturing productivity,

and the incomes of small-scale food producers. The tradable sector is composed of agricultural and

13 UNDP. Retrieved on 10/11/2018.
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manufacturing sectors and is important for several reasons. First, the tradable sector in less-
developed countries is labor intensive (Arellano et al., 2009; Rajan and Subramanian, 2006; 2008),
and any change in its size would have a direct impact on the return to labor. Second, paying back
foreign debt to the lenders involves tradable goods and is problematic when the tradable sector is

shrinking. Third, exports of tradable goods are beneficial for economic growth.

The remainder of this chapter is organized as follows. Section 3.2 reviews the literature. Section
3.3 introduces the key variables and discusses the data sources and stationarity testing. The
econometric approach is discussed in Section 3.4. Section 3.5 discusses the causal links between
foreign aid and other variables. Section 3.6 shows the results of my analysis of the impact of foreign
aid on the key variables. Robustness checking is presented in Section 3.7. Section 3.8 examines the
impact of GDP and the tradable output on the flows of foreign aid. Section 3.9 summarizes and

concludes.

3.2- Literature Review

The empirical literature on aid effectiveness on economic growth has not yielded clear and
unambiguous results due to “heterogeneity of aid motives, the limitations of the tools of analysis,
and the complex causality chain linking external aid to final outcomes” (Bourguignon and
Sundberg, 2007). A number of studies find a positive effect of foreign aid on economic growth
(e.g. Collier and Hoeffler, 2004; Dalgaard et al., 2004; Feeny and McGillivary, 2010; Hansen and
Tarp, 2000; Karras, 2006; Kosack and Tobin, 2006; Loxley and Sackery, 2008; Juselius et al.,
2014). On the other hand, there exist a number of studies that find little or no impact of aid on
economic growth (e.g. Boone, 1996; Brumm, 2003; Easterly et al., 2004; Markandya et al., 2010;
Ovaska, 2003; Rajan and Subramanian, 2008).

Researchers have been trying to answer if foreign aid is effective or not for recipient countries
economic growth and development, but there is no definitive answer. Howes (2011) has classified
the conflicting views on aid effectiveness into four categories depending on two dimensions —
good or bad (outcome kind) and large or small (outcome scale) —as follows. First, good and large:
Sachs (2005) argues that foreign aid could have a transformative effect on growth if applied in the
right way and large volumes. Second, bad and large: Bauer and Yamey (1982) argue that aid has a
negative large impact. Third, good and small: foreign aid has a minor and positive effect on
development (Birdsall et al., 2005). Fourth, bad and small: aid has a little and negative effect on

development (Easterly, 2006).
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According to Feeny and McGillivary (2010), foreign aid spurred economic growth in recipient
countries and it works better in some countries than in others. They find that foreign aid is found
to have diminishing returns and specific types of aid are likely to be effective in poverty reduction
and on economic growth. On the other hand, Rajan and Subramanian (2008) find little robust
evidence of a positive or negative relationship between foreign aid and economic growth by using
cross-sectional and panel data from 107 countries for a period spanning from 1960 till 2000. They
also find no evidence that aid works better in countries adopting better policies, contradicting

Burnside and Dollar (2000) who argue that aid is effective in a good policy environment.
3.2.1- Foreign Aid and the GDP’s Composition

Arndt et al. (2015) study the effect of foreign aid on economic transformation for 78 countries for
the 1970-2007 period and show that aid reduces poverty and stimulates growth. They also find that
these countries experience economic transformation as the agricultural sector as a share of GDP is
shrinking, while industrial and services sectors as a share of GDP are expanding. Their results
coincide with Arndt et al. (2010) in a similar study but for a shorter period (1970-2000).

In a recent study, Kumi et al. (2017) examine the impact of aid and its volatility on agricultural,
manufacturing, and services sectors in 37 SSA countries for the period 1980-2014 using a GMM-
SYS. They find a positive and significant effect of aid on agricultural, manufacturing, and service
sectors suggesting that aid inflows spur both the tradable!* and non-tradable sectors. They find that
the volatility of aid inflows has a negative impact on the manufacturing and services sectors. On
the other hand, Arellano et al. (2009) find that aid inflows, to 73 aid-receiving countries for a period
spanning from 1981 to 2000, have a negative effect on the manufacturing exports. Their results
suggest that an additional 1% increase in the aid-to-GDP ratio is associated with a decrease in the

manufactured exports by about 0.3-0.5% of total exports.

Selaya and Thiele (2010) examine the effect of aid on GDP’s sectoral growth in 65 countries using
a GMM-SYS regressions over a period spanning from 1962 to 2001. They disaggregate GDP into
three parts: agriculture, industry, and services; they estimate the role of aid as a share of GDP on
each sectoral growth rate. Their main findings suggest that aid has a positive effect on economic
growth and on the tradable® and non-tradable growth sectors. Their results show no evidence of
the “Dutch Disease” type effects. Demekas et al. (2002) propose that post-conflict reconstruction

aid may raise the capital stock equilibrium level and does not necessarily lead to a shrinkage of the

14 They assume agriculture and manufacturing sectors as tradable sectors.
15 They assume agriculture and industry sectors as tradable sectors.
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tradable sector. In addition, Collier and Hoeffler (2004) find that aid is effective if introduced

between three to seven years after the end of the war.
3.2.2- Foreign Aid and the “Dutch Disease”

There is a small empirical literature on the effect of foreign aid on the real exchange rate!® (RER)
and on the tradable output. Some studies have found that foreign aid leads to an appreciation of the
real exchange rate while others have found the opposite. Rajan and Subramanian (2006) examine
the impact of aid on the recipient countries and find no long-term effects on growth even with
countries that adopt good policies. They use data for 32 developing countries and report that aid
inflows have adverse effects on country’s competitiveness, “as reflected in a decline in the share
of labor intensive and tradable industries in the manufacturing sector”. They also show that high-
labor share industries grow slower than low-labor share industries in the developing countries that
receive a substantial amount of aid. Poor countries are labor abundant and depend on exporting
labor-intensive and low-skill technologies. Thus, aid inflows would have negative effects by
slowing the trade that is essential to promote growth (Michaeely, 1981, Rajan and Subramanian,
2008). Moreover, Rajan and Subramanian (2011) find that aid inflows have negative implications
on the country’s competitiveness reflected by the lower growth rate of exportable industries due to

real exchange rate appreciation caused by foreign aid.

Yano and Nugent (1999) observe that aid is associated with the real exchange rate appreciation in
about half of 44 aid-dependent countries between 1970 and 1990, and find the reverse for the other
half. Elbadawi (1999) finds that aid flows have caused substantial real exchange rate appreciation
in many African and non-African countries; the real exchange rate appreciation hinders export
expansion. He uses data for a panel of 62 developing countries (28 from Africa). Fielding and
Gibson (2013) use data for 26 African countries and estimate a VAR of three endogenous variables
(GDP, RER, and GDP deflator growth rate), in addition to aid which was considered as a weakly
exogenous variable. Their main conclusion suggests a presence of a real exchange rate appreciation
in most SSA countries and the size of effects differ from one country to another. In contrast, they

only find one country exhibiting real exchange rate depreciation.

Using a VAR model, Addison and Baliamoune-Lutz (2013) find evidence that aid causes real
exchange rate appreciation in Morocco in the long run, but has no effect on the real exchange rate

16 The real exchange rate is defined by Mendoza and Uribe (2000) as the relative price of non-tradable goods

N
in terms of tradable goods (i.e. I;—T). Other studies use a proxy for the real exchange rate such as the relative
consumer prices between the major trade partners.
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in Tunisia. Lartey (2007) observes that an increase in official aid causes a real appreciation of the
exchange rate and its magnitude is greater than that associated with foreign direct investments
(FDI) in a sample of SSA countries from a period spanning from 1980 till 2000. In a recent study,
Juselius et al. (2017) find that a shock to foreign aid causes the real exchange rate to appreciate in
the long-run in Ghana, but not in Tanzania. Kang et al. (2013) study the effect of aid shocks on
GDP per capita growth, exports, and imports in 30 aid-receiving countries, using a heterogeneous
panel VAR model. They find that in 16 countries, global aid has a negative effect on GDP per

capita growth, consistent with the “Dutch Disease” hypothesis.

On the other hand, Li and Rowe (2007) find, by using a vector error correction model (VECM),
that increases in aid inflows are associated with a depreciation in the real effective exchange rate
in Tanzania from 1970 till 2005. Issa and Ouattara (2008) find, by using autoregressive distributed
lag (ARDL) model, no evidence in the short-run or in the long-run of the “Dutch Disease” in Syria
during the 1965-1997 period. Mongardini and Rayner (2009) use a pooled mean group estimator
for 24 SSA countries from 1980 to 2006. They find that grants and remittances are not associated
with an appreciation of the real exchange rate in SSA countries in the long run, therefore no “Dutch

Disease” effects.

The existing empirical papers estimate the real exchange rate indirectly; while the present chapter
directly constructs the real exchange rate from tradable and non-tradable goods prices. In contrast
to most of the existing literature which uses cross-country or panel regressions, my approach is
based on a single country time-series analysis where 22 CVAR models are estimated. This chapter
extends the above empirical literature by employing a multivariate time-series approach to
investigate the long-run impact of foreign aid on GDP, tradable and non-tradable outputs, and

tradable and non-tradable goods prices.
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3.3- Data Sources and Stationarity Tests
3.3.1- Data Sources

Data for GDP, tradable and non-tradable outputs in current and constant value-added prices are
taken from the World Development Indicators (WDI, 2017)*. Official Development Aid (ODA)
data®® are sourced from the Organisation for Economic Co-operation and Development (OECD).
Most African countries have big informal and subsistence sectors and even in the formal sectors
not all the transactions are formally recorded (Jerven, 2010). The international agencies (The World
Bank, IMF, OECD, etc...) supply aggregate national data and apply different statistical methods to
gather them into continuous series over different base years. The main sources of publicly available
data are the WDI, IMF, and Penn Tables (PWT); using different data sources and data
transformation may lead to different results (Juselius et al., 2014). The WDI database are better
suited for this study as the WDI is a reliable source at disaggregated level data in constant and

current prices of agricultural, manufacturing, industrial, and services value-added.

Table 3.1A, presented at the end of the chapter, shows the SSA countries that are included in this
study. Out of the 48 SSA countries only 22 countries are included. The rest are excluded (See Table
Al, Appendix A.1) due to many reasons such as missing data on the tradable and non-tradable
outputs, negative aid (Gabon and Mauritius in 2003), stationarity of aid time-series data (Comoros,
Congo Republic, Namibia, and Swaziland), and prices (prices are found to be I(2) in Zambia). To
mitigate the problem of degrees of freedom erosion in the CVAR model, | make the sample size as
big as possible. The availability of data constraints the sample size to a minimum of 33 annual

observations for Madagascar to a maximum of 51 for Sierra Leone.

The heterogeneity of aid-to-GDP and the heterogeneity of tradable output-to-GDP ratios are
addressed in this empirical study. The aid-to-GDP ratio ranges from 4% in Cameroon to 25.3% in
Cape Verde with an average of 12% for the overall sample. When agricultural and manufacturing
sectors constitute the tradable sector, tradable output-to-GDP ratio ranges between 18.3% in
Botswana to 53.65% in Central African Republic. When the tradable output is composed of
agricultural and industrial sectors, tradable output-to-GDP ranges from 32.8% in Cape Verde to
61% in Sierra Leone. Kenya’s aid-to-GDP ratio equals 5.75% (half of the sample), while Kenya’s
tradable output constitute 38% of GDP.

17 Downloaded on 15/09/2017.
18 Foreign aid data disaggregated at sectorial level starts from 2002. This short period considers inapplicable
to CVAR model, as | need at least 30 observations to evaluate a CVAR model. | use aid at aggregate level.
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The data on exports and imports as a share of GDP are presented in Table 3.1B. This table gives a
perspective on how dependent each economy is on exporting and importing goods and services.
Exports-to-GDP ranges from 2.65% in Ethiopia to a maximum of 49% in Botswana. Whereas,
imports-to-GDP ranges between 9.4% in Ethiopia to a maximum of 74% in Seychelles. All SSA
countries exhibit a trade deficit that ranges from 3.2% in Botswana to 47% in Lesotho. Furthermore,
aid-to-GDP exceeds exports-to-GDP in five SSA countries'®; whereas, in 12 SSA countries? aid-
to-GDP ratio exceeds the trade deficit. These numbers emphasize the importance of aid to SSA

countries as a source of income.
3.3.1.1 Human Capital Data

For this empirical analysis, | have not included a relevant variable to measure human capital such

as educational attainment or enrollment for the following reasons:

a. The data on the average years of schooling are available only every 5 years (Barro
and Lee, 2013). These data are not continuous.

b. The data on the education index which is one of three components of the UN
Human Development Index starts from 1990.

c. The number of pupils attending primary, secondary, and tertiary education has a
lot of missing data.

d. The human capital index which is introduced by PWT version 8 and is “based on
the average years of schooling from Barro and Lee (2013) and an assumed rate of
return to education, based on Mincer equation estimates around the world
(Psacharopoulos, 1994)”. These data seem to be 1(2) and cannot be used in the

present model.

3.3.2- Data Transformation

The data are annual observations and comprise of the following variables: net Official Development
Assistance (aid;), Gross Domestic Product (gdp;), tradable output (trad;), non-tradable output
(ntrad,), price of the tradable goods ( p! ), and price of the non-tradable goods ( p™). Small letters
denote logarithmic values. Macroeconomic variables are usually trending over time, suggesting a

multiplicative rather than an additive specification; by taking logs an additive model form can be

19 Burkina Faso, Burundi, Ethiopia, Lesotho, and Rwanda.
20 Botswana, Burundi, Cameroon, Central Africa, Ethiopia, Gambia, Malawi, Mali, Mauritania, Rwanda,
Sierra Leonne, and Uganda.
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achieved. | follow Juselius et al. (2014) logarithmic transformation of the variables at levels instead
of using ratios such as aid-to-GDP and tradable output-to-GDP as these ratios are usually bounded
between 0% and 100%. In addition, | do not use GDP per capita as the logarithm of population is
usually found close to 1(2), in contrast to logarithm of real GDP which is found to be 1(1) (Juselius
et al., 2014). Dividing GDP (I(1) variable) with population (1(2) variable) is likely to weaken any
statistical inferences as Kongsted (2005) suggests. Data definitions and measurements are

presented in Appendix A.4.

3.3.3-Stationarity Tests

Time-series data are time dependent and it is crucial that the data are investigated and tested if they
are stationary?, non-stationary??, and whether the series are subject to structural breaks. It is
preferable to start with graphical representations of the level and first difference of the series to
reveal data features?®. The variables’ series (aid,, gdp;, ntrad,, trad,, pI' and pN7)?* in levels
exhibit trend like behavior over the sample period (i.e. trending) and the first difference appears

stationary around the trend (i.e. trend-stationary).

Time series data are in general non-stationary data and cross estimations can result in spurious
results that lead to meaningless statistical results. To get credible results, time series data should be

differenced d times to become stationary; that is, the series is integrated of order d and denoted by

I(d).
3.3.3.1- Unit Root Tests?®

I begin with a preliminary assessment of the presence of unit roots in the data by conducting several
unit-root tests. In this study, the time-series property of each variable is investigated through the
Augmented Dickey-Fuller (ADF), the Philipps-Perron (PP), and the Kwiatkowski-Phillips-
Schmidt-Shin (KPSS) tests for the unit root?.

The ADF (1979) tests the null hypothesis that the series has a unit root versus the alternative
hypothesis that the series is stationary or trend stationary. If the test t-statistic is less than the critical

value (negative), then the null hypothesis can be rejected and no unit root is present in the series.

2L Mean is constant; variance is finite and does not depend on time.
22 Mean and variance vary over time.
23 The graphs are not presented in this paper and can be presented upon request.
NT

24 The relative price of non-tradable good is stationary in most countries; as it is a ratio of 2 ratios: p" = pp—T

3 | have relied on testing individual series and not rely only on rank testing alone as some variables are 1(2)
such as the prices in Zambia (excluded from the study).
2% The tests’ results can be obtained upon request.
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Whereas, if the test t-statistic is greater than the critical value, then the null hypothesis cannot be
rejected and a unit root is present in the series. The PP (1988) tests the null hypothesis that the
series has a unit root versus the alternative hypothesis that the series is stationary or trend stationary.
PP test is similar to the ADF test, but it is robust to unspecified autocorrelation and
heteroscedasticity in the disturbance process of the test equation. On the other hand, the KPSS
(1992) tests the null hypothesis that the series is stationary around a deterministic trend versus the
alternative of a presence of a unit root in the series. Contrary to the ADF and the PP tests, the

presence of the unit root is under the alternative hypothesis and not under the null hypothesis.

All the variables under the ADF and the KPSS tests are found to be non-stationary in levels. The
variables under the PP test are also found to be non-stationary in levels except for aid series in the
following countries (Burkina Faso, Cameroon, Mauritania, Senegal, and Seychelles), where aid is
found to be stationary. Furthermore, the tradable output in Senegal, tradable goods price in Togo,
and non-tradable goods price in Cape Verde are found to be stationary. At first differencing, the
ADF’s and the KPSS’s calculated test statistics clearly reject the presence of a unit root, confirming
stationarity of each variable at first differencing and depicting the same order of integration (i.e.
I(1)). However, the first differencing variables under the PP test find a presence of a unit root for
tradable goods price in Uganda and non-tradable goods price in Sudan and Uganda, depicting the
order of integration of 2 (i.e. 1(2)). These conflicts at levels and first differences for some series
originate from the fact that PP test performs worse in finite samples than the ADF test (Davidson

and MacKinnon, 2004). In this study, all the variables are treated as 1(1).
3.3.3.2- Unit Root Tests with Structural Breaks

Time series data are subject to structural breaks and in this study the variables’ (aid; ,gdp;, trads,
ntrad,, pf, and p]NT) series are no exceptions. The ADF unit root test is known to have a low
power if the series exhibits a “permanent” regime shift during the period under consideration
(Harris and Sollis, 2003) or if there exist outliers in the regression residuals. The ADF test in a
presence of structural break is biased toward non-rejection of the null hypothesis and the rejection

frequency is inversely related to the magnitude of the break (Perron, 1989).

There are usually two types of structural breaks: exogenous and endogenous and it is difficult to
distinguish between those two types. For this, | have applied the Perron test that deals with
exogenous structural break as well as the Zivot-Andrews test that deals with endogenous structural

break. Moreover, some series are subject to more than one structural breaks, the Lumsdaine-Papell
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(LP) test with multiple endogenous structural breaks is applied for such series?’. The three tests test
the null hypothesis of a unit root under the structural break versus the alternative hypothesis that

the series is stationary under structural break.

Tables 3.2A-3.2C report the series that are subject to the structural break. The tables show the break
type, break year, and the series order of integration based on Perron, Zivot-Andrews, and
Lumsdaine-Papell tests, respectively. All the variables subject to the structural breaks are found to

be non-stationary and depict the same order of integration (i.e. 1(1)) behavior®,

3.4- Econometric Approach: The Cointegrated VAR (CVAR) Framework
3.4.1- Methodological Motivation

The variables of interest are found to be non-stationary and there is a possibility of cointegration
between them which are represented by the long-run economic relationships. The CVAR approach
enables us to distinguish between the short-run dynamic adjustments and the long-run equilibria.
The CVAR model also identifies the common trends that push the variables and determines the

long-run impact of shocks on these variables.

Macroeconomic empirical analysis usually uses a VAR model where the variables are assumed to
be stationary, but in the case of non-stationary data, either a VAR model in difference?® or a CVAR
model®® are usually considered. Non-stationarity data usually show no sign to return to or to
fluctuate around a constant mean or a linear trend. In contrast, the shocks accumulate and form a
stochastic trend that is associated with a non-deterministic shift in the mean in non-stationary unit
root data (Hoover et al., 2008). These exogenous shocks affect the behavior of the variables by
moving them away from the long-run equilibrium. These shocks activate the adjustment forces that

pull the system back to a new equilibrium position.

The CVAR approach is based on a statistically well-specified VAR model that simplifies the
general model by imposing testable constraints. Unlike other empirical approaches where data are
restricted in specified directions, the CVAR model uses statistical principles to draw out

meaningful relations from the data (Spanos, 2009). The unrestricted CVAR model represents the

27 The three tests can be obtained upon request.

28 1t is also noted that the break year differs from one test to another due to the assumptions of endogenous
and exogenous breaks.

2 In a presence of no cointegration.

30 In presence of cointegration.
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covariance in the data and is constructed to provide a good fit of the data. The advantage of “let the
data speak” is one of the CVAR model strengths where the data are not constrained (Juselius, 2006).

The main purpose of using a well-specified CVAR model is to apply the maximum likelihood
function to estimate the model’s parameters. The CVAR model has many advantages, in addition
to allowing stationary and non-stationary variables®. For instance, a CVAR model is a system of
multiple equations where all the variables are treated as endogenous. This helps us in modeling the
interdependence and feedback effects that might be present among the variables in the system.
Furthermore, using a CVAR model allows us to build a statistical framework describing the
fluctuations in the data. The unrestricted CVAR model follows the principle of “general-to-
specific” modeling (Hendry, 2009). In a sense that a VAR model is a convenient way to describe
the “stylized facts” of the data, where economic hypotheses (expressed by shocks, steady state

behavior, feedback, and other effects) are tested within a “statistically valid framework”.

Although the county-specific CVAR approach allows us to address issues related to a single
country, other problems may arise. First, the sample size is usually small; this has implications on
lowering the power and the size of the test. The CVAR model requires long time-series data and a
small number of variables to avoid the erosion of the degrees of freedom. Second, some variables
that are useful in explaining variations in economic growth may not be applicable to use in the
VAR modeling since these variables®? evolve slowly over time (M’Amanja and Morrissey, 2006).
Third, the CVAR model is dependent on the quality of data and its results are vulnerable to data

measurement errors and data problems.

3.4.2- The Cointegrated VAR Model
I introduce a reduced form p-dimensional vector autoregressive (VAR(K)) model of the form:

Ve = P1Yeo1 + PV g+ o ¥ Dy +OD + v, (3.1)

Here, y, isa (p x 1) vector of endogenous variables, in the present case p =5 and y; = [aid;, gdp;,
trad,, pl', pNT]; @; (i=1,2,... k) is a (p x p) matrix of parameters; D, is a (m x 1) vector of m
deterministic terms (such as a constant, linear trend, mean-shift dummy, permanent, and transitory
intervention dummies); ® is a (p X m) matrix of coefficients; and k is the lag length. The VAR(K)

model is assumed to be linear in parameters and constant over time. The error terms are identically

31 In the CVAR model the long-run equilibrium is the stationary part where there exists a linear stationary
relationship between the variables in the long-run (i.e. 1(0)) and the first difference of the variables are
stationary, whereas the variables alone are non-stationary (i.e. 1(1)).

32 j.e. rule of law, institutions, corruption, and governance indexes are not evolving over time, thus cannot
be used in the present model.
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and independently distributed and serially uncorrelated (i.e. E(v;v;_j) =0, for k # 0), have a zero-
mean (E(v¢) = 0), and a positive definite covariance matrix, 2, that captures all the possible
contemporaneous effects. Hence, the error terms follow a white noise process such that v, ~
NIID(0,9Q).

According to Engle-Granger representation theorem (1987), when there is cointegration between
the variables, the VAR model can be written as a vector error correction model (VECM) or as a
cointegrated vector autoregressive (CVAR) that captures both short-run and long-run dynamics®:.
Providing all data are I(1), the CVAR is written as:

Ay =Tlye_q +XI 1Ay + WD + & (3.2)

Here, Ay, is a vector of growth rates where A is the first difference operator, I1=-[I - ¥¥_, &;] is
a (p x p) impact matrix of parameters containing the long-run adjustments information. Whereas,
I'; is a (p x p) matrix of short-run adjustment coefficients capturing the short-run effects. The
CVAR model is structured around r cointegration relations® corresponding to p - r stochastic
trends® (Hoover et al., 2008).

If r = p (i.e. IT matrix is of full rank), then y, ~ 1(0). Thus, there exist p cointegration relationships
and the data in level are stationary by themselves and a regular VAR model can be used. Whereas,
if r = 0 (a zero rank), then there exist p autonomous (independent) trends where the data are non-

stationary, but not cointegrated and a VAR in difference model should be used.

If y, ~ I(1), then Ay, ~ 1(0) implying that IT matrix cannot have full rank. If [T =1 as a simple full
rank matrix, and in this case, each equation in Ay, which is a stationary variable is equal to a non-
stationary variable (y;_;), some lagged stationary variables (Ay;_;), and a stationary error term.
This creates a logical inconsistency since a stationary variable cannot be equaled to a non-stationary
variable (Juselius, 2006). In the latter case, either IT = 0 or it must have a reduced rank. In the case

of a reduced rank, IT matrix can be split into 2 parts, such that IT= af’, where a and p are (p X 1, r

<p).
Therefore, a CVAR model in a reduced error correction form is written as:

Aye=0f"ye 1 +T1 Ayp 1+ ...+ Tp_g Ayp 1 +¥DL + & (3.3)

3 VECM is a different name for the CVAR model.
34 pulling forces or endogenous.
35 pushing forces or exogenous.
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where B’'y,_, are r long-run relations representing the stationary process with a linear
combination. a is (p X r) matrix of adjustment coefficients, S are the cointegration parameters that
form the linear stationary relations with the non-stationary data series in y;, and k corresponds to
the lag length. When k = 1, then I'; = 0 and if the system hits by an exogenous shock that pushes
the system away from equilibrium, the system will adjust back to its equilibrium only through o.

Whereas, in the case of k = 2, the system will be adjusted back by I'; in addition to a.

The advantage of model (3.3) lies in the interpretation of the parameters, the long term effects are
captured by the aB’ matrix, while the short term dynamics are captured by T';...... I';,_, matrices
(Johansen, 1996). The r columns of S represent the long-run equilibrium relations between the
variables in the model (i.e. the cointegration vectors); whereas, the r columns of « represent the
adjustment parameters that ensure the system is coming back to its long-run equilibrium after an
exogenous shock hits the system. The reformulation of the unrestricted VAR model of (3.1) as a
CVAR in (3.3) does not impose any “binding restrictions on the model parameters” (i.e. the

maximum likelihood function does not change (Juselius, 2006)).

Another advantage of the CVAR approach over regular regression analysis in levels is that the
multicollinearity disappears due to the removal of the trends between the stationary differences (
Ay;) and the stationary long-run relations (8’ y;_;). The CVAR model in (3.3) reduces the
multicollinearity that is present in the time-series data as the differenced data are more “orthogonal”
than the data at levels (Juselius, 2006). If there exists a multicollinearity between the variables (i.e.
GDP and the tradable output or between the prices), this will not cause an imprecise estimates of
the cointegration relations (B’ y;—,) as these variables are cointegrated and share a common
stochastic trend which is defined as the accumulation of all the permanent shocks that push the
variables out of equilibrium. Thus, when y; ~ 1(1), Ay; ~ 1(0), and B’ y;_; ~ 1(0), then the standard
inference on (a, I3, 2) can be applied for any given . The cointegration coefficients are invariant

to increasing or decreasing the information set® (Johansen, 2012).

I consider a general case of two cointegration vectors (i.e. r = 2; p - r = 3; k = 2) as an illustrative
example of the CVAR model:

3 The long-run cointegration relation still exist.
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To distinguish between the long-run effects associated with foreign aid and other variables, and
between the variables themselves, it is useful to split the data vector of y/ as: y{ = [y1¢, ¥2:] Where
yie = [aid.], y5r = [9dpe, trad,, pl, pNT], and the I; matrix as:

[V11 Yi2 Vi3 V14 Yls]

Y21 Y22 V23 VY24 V2s
Y11

I,
L=p r ]equwalent tol¥s1 V32 V33 V3a V3s
21 f22 Va1 Vaz Ya3 Yaa Vs

Ys1 Vsz Vs3 Vs4  Vss
Where [y11,112] and [y11,T"21] represent the first row and first column in 3.

In (3.4), a;; are the adjustment coefficients and f8;y,_; are r equilibrium error terms that define
which variable will take the adjustment after the system has been pushed out of its equilibrium. In
a sense that the variables are Granger-caused by foreign aid if a,q, a3, @41 and a5, # 0 and
Y21, Y31, Ya1and ys; #0; while foreign aid itself is exogenous®, that is, a;; = a;, =0andy;, =
Y13 = Y14 = Y15 = 0. In the latter case, foreign aid is considered strongly exogenous with respect

to B; i.e. foreign aid is not Granger-caused by the variables.

To test for the endogeneity of foreign aid, I follow Juselius et al. (2014) hypotheses testing. | focus

on five hypotheses tests based on parameter restrictions in «, 8, and I coefficients:

(1) H;i: Aid is long-run exogenous or aid is weakly exogenous for the long-run
parameters. This hypothesis is tested as: Hy: @11 = @1, = 0. In this test hypothesis, aid
has not been affected by any deviations from the long-run equilibrium in the economy,
but foreign aid might affect the variables in the short-run. If the null hypothesis is
rejected, then aid has a long-run impact on the variables unless Hs cannot be rejected.

(i) H,: Aid is strongly exogenous. This hypothesis is tested as: Hy: a1 = a1, = 0

and 12 = ¥13 = V1a = Y15 = 0. If the test hypothesis null is not rejected, then aid

37 The exogeneity in the present CVAR model is different from the strict exogeneity causal inference in micro
studies (Correlations with the error term). In the CVAR model, aid is considered exogenous for the long-run
relationship if does not adjust to the long-run relation equilibrium. H; and ¢, (k =2) test for aid exogeneity
in the present model.
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has not been affected in the short-run and in the long-run by the other variables. Aid
may affect these variables unless Hs cannot be rejected.

(i) H5: Aid is completely endogenous and purely adjusting. This hypothesis is tested as:
Hy: @11 #0, ay1 = azq = ay1 = asq= 0 (i.e. testing a unit vector in o first column).
In this test, aid is determined by the variables and aid shocks have no permanent effect
on the variables if the null hypothesis cannot be rejected.

(iv) H,: Aid is long-run excludable from the cointegration equations. In this test, the first
row of g is tested as: Hy: f11 = 12 = 0. If the null hypothesis of this test is not
rejected, then aid is unrelated to any long-run movements of the variables.

(V) Hs: Aid is short-run and long-run excludable. In this test, the first row of £ is tested
as: Hy: B11 = P12 =0andy,; = ¥31 = Va1 = ¥s1 = 0. In a case of null hypothesis

non-rejection, foreign aid has neither effect in the short-run nor in the long-run.

3.4.3- The Common Trends Representation

The CVAR model in (3.4) can be represented in a form of moving average or “Granger
representation” model. This means that the data generating process, y;, is written as a function of
previous innovations of the system. This representation allows us to investigate the role of common
stochastic trends that are responsible for the non-stationarity of the process. The moving average

form of the CVAR model can be obtained from equation (3.4) with initial values as follows®:
ye = CYI_i(g + WD;) + C*(L)(& + WD;) + Py (3.5)

where C=p | (a' TB )~ a’| isa(pxp) long-runimpact matrix with a reduced rank, (p - r), which
is related to the stochastic part of the process (i.e. cumulation of error), and I'=-(1 -3 - [3 - ... -
I,—1). For an I(1) process, the number of unit roots defined as the common stochastic trends are (p
-1r). @, and B, arepx (p-r) orthogonal complements of « and 8, respectively; C*(L) = %72, C; Lt

is a stationary lag polynomial matrix; and P, contains the initial values.

The (p - r) common stochastic trends or the “pushing forces” are measured by o', >t & which

push the system away from the long-run equilibrium (i.e. steady state) and have permanent effects.

38 See Appendix A.4 for derivation.
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These pushing forces affect the variables by the loadings El =B (a' TR ). Whereas, the shocks

&t = [aiar Egap: Etraar Eptr Epnel are measured by the estimated CVAR residuals.

The CVAR model in (3.5) can be written as follows:

. t
[ aidy ] €11 €12 C13 C1a C1s [Eizl i
9Ape | [ca1 €2 Co3 Con Cos||Xi=1€2i
Itradt | =[C31 C32 €33 C3a C35|[E_ eai WCW X Di+C*(L)(&: + WD)+ P, (3.6)
T C C C C C t
| pf | l 41 Cap €43 Cyq 45J Y ey
[pNT J Cs1 Cs2 €53 Cs54  Cssd| g
t i=1 €5i

The main differences between the CVAR model in (3.4) and (3.6) can be summarized as follows.
First, the long-run C matrix is written as a product of two matrices i.e. C = ﬁjal, where [31 =
B (a' TB )~ . The decomposition of the C matrix in (3.6) resembles the decomposition of IT =
af’ in (3.4); hence, there is a duality between the two matrices. In the C matrix, «; determines
the common stochastic trends that drive the long-run relation out of the equilibrium, while |
defines the loadings to the (p - r) common stochastic trends, o' Yt &. Whereas, in the IT matrix,
f determines the long-run relations and « defines the load deviations from equilibrium for
correction. Providing the data are non-stationary, there exist (p - r) unit roots equals to the number

of stochastic trends which represent the long-run movement that describe the cumulated residuals

of each variable®°.

Second, although the cointegration relation (8;y._, in (3.4)) is defined as a deviation from the
long-run equilibrium (equilibrium error) and describes the variables co-movement overtime, it does
not say anything about the causality between the variables. For example, a long-run relationship
represented by: (gdp; - B, aid;) ~ 1(0) describes the positive co-movement between GDP and aid.
If the adjustment coefficient (agdp) is significantly negative, then Agdp, has been equilibrium
correcting. In addition, if a;4 is insignificant, then | can draw a direction of causality from aid to
GDP. However, if a,;; is positive and significant, then both GDP and aid are equilibrium

correcting representing simultaneous feedback?.

Third, a cointegration of three or more variables creates a problem in interpreting the sign effects
among them. For instance, a long-run relationship represented by: (gdp; - f; aid; — B, trad; ) ~

1(0) suggests that GDP is positively associated with both aid and the tradable output. It also can be

39 Put it in other words, the cointegrated variables have the same stochastic trend and the cointegration and
common trends are two sides of the same coin (Johansen, 1995).
40| choose to normalize on a A variable that is significantly equilibrium correcting in a.
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interpreted that aid is positively associated with GDP but negatively associated with the tradable
output. In contrast to the regression coefficients, the cointegration coefficients are invariant to the
choice of the normalizing variable. The problem escalates when the number of the long-run

cointegration relations exceeds one.

Fourth, the long run equilibrium relationships differ from one country to another and this makes it
difficult to compare the variables co-movement among countries. The long-run impact matrix
uncovers the causal links between aid and the variables and make it is easier to compare the result.
The C matrix is a function of « | and S, and contains the long-run impact information among the
variables. For example, the c¢,; coefficient in (3.6) if significant describes the long-run impact

response of foreign aid shocks on GDP.

By focusing on the individual coefficients of the long-run impact matrix in (3.6), | can get a clear
picture which shocks have been significant in pushing the economy out of equilibrium. It is very
important to note that the estimated results of the C matrix coefficients are strongly affected by the
choice of economic variables as well as the deterministic components. Therefore, any change in
one or more economic variables or in the intervention dummy variables, the estimated stochastic

trends are likely to change.

The causal link hypothesis about foreign aid endogeneity, exogeneity, excludability, and purely
adjustability could be tested as nested hypotheses. The long-run matrix C in equation (3.6) can be
partitioned as follows:

o C
C= [ 11 12]
Co1 (o

where C3,= (51, €31, C41, C51) Captures the long-run effects of foreign aid on any of the variables,
C12=(c12, €13, C14, C15 ) Captures if aid is being influenced by the variables or not (i.e. exogenous
or not), and the submatrix C,, contains the coefficients that describe the long-run impulse-

responses between the variables themselves. The latter effects are not discussed in this dissertation.

The five testable hypotheses in Section 3.4.2 can be tested as nested hypotheses. | can classify SSA
countries into 4 Cases groups following Juselius et al. (2014). Case I: Aid and other variables are
unrelated; Case II: Aid has no long-run impact on the variables; Case IlI: Aid is exogenous; Case
IV: Both aid and the variables have long-run effects on each other. The sequence of causal testing

starts with Case | the most restrictive one and ends up with the least restrictive Case IV.
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Case I: Aid and other variables are unrelated; i.e. C,; =0 (c31 = 31 = €41 = ¢51 = 0) and C;,
=0(cyp = €13 = €14 = ¢15 =0). This can be jointly testedas H; (k = 1) or H, (k = 2) and H.
Case | is the most restrictive hypothesis; that is, if not rejected it implies a rejection of the other

three remaining cases (1, 111, and V). If case | is rejected, then proceed to test Case Il.

Case I1: Aid has no long-run impact on the variables; i.e. ¢;; =0, Cy1 =0(cy1 = €31 = €41 =
cs1 = 0)and C;, # 0 (cq2, €13, €14 and ¢y5# 0). This is tested as H. If case Il is not rejected, it
means that foreign aid is purely adjusting; it implies a rejection to the other two remaining Cases
(Mrand V).

Case Il1: Aid is exogenous; i.e. C,; # 0 (c21,€31, €41 and csq # 0) and Cy, = 0 (c12 = €43 =
ci14 = c15 = 0). This is tested as H; (H in case k = 2) is not rejected, H'3 and H are rejected. If
Case Il cannot be rejected, then it implies that case 1V is rejected. This test focuses on the role of
aid and other variables and is performed by imposing a set of restrictions on the error vector
adjustment coefficient a. Following Johansen (1996) a set of restrictions on « is tested (i.e. a zero
row in o) as o measures the speed of adjustment of the aid variable in (3.4) due to any deviations

from equilibrium.

Case IV: Both aid and the variables have long-run effects on each other; i.e. Cy; # 0
(c21,€31, €41 and c5q # 0) and Cy, # 0 (12, €13, €14 and ¢15# 0).The testable hypotheses H; - H
are rejected. This is the general case where foreign aid is neither exogenous nor completely
endogenous; i.e. any shock to foreign aid will push the variables and shocks to variables have

impacts on aid flows.

3.4.4- Model Specifications
3.4.4.1- Deterministic Components

Based on graphical expositions of aid, GDP, tradable and non-tradable outputs, tradable and non-
tradable goods prices it is advisable to allow for a deterministic trend in levels and unrestricted
constant, u,, to be included in the model. The constant, u,, serves as a constant in the equations of
first difference and cumulates as a linear trend for the variables in levels. The deterministic trend
might not be canceled in the cointegration relations, thus a trend, p,, will be restricted in the

cointegration relations and included in the model. The CVAR model in (3.2) is written as:

Ay =0 yeoy +XITI 1Ay + WD + o+t + & (3.7)
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In (3.7), up = afy + yo and p; = af; + y,. Consequently, the CVAR model in (3.7) can be written

as:

Ve-1
Ay =o[B’, Bo, 31][ 1 ] YR T Ay + WD+ ¥ + yitte, (3.8)
t

There exist five different specifications arising from imposing different restrictions on the
deterministic components in (3.8). The five cases are presented as follows (Johansen, 1996;
Juselius, 2006):

Case 1: yo= ¥1=Bo=F1=0. There is no deterministic terms in the model.
Case 2: y1=B,=F1=0. A restricted constant in the cointegration vectors.
Case 3: y;=£1=0. An unrestricted constant (i.e. no linear trend in VAR, but in variables)

Case 4: y, = 0. A restricted trend in the cointegration vectors, but an unrestricted constant in the

model.

Case 5: No restrictions. Unrestricted constant and trend in the model (i.e. a presence of quadratic
trend).

In terms of deterministic components, case 4 is chosen where an unrestricted constant and a
deterministic trend are restricted in the cointegration relations. The advantage of this specification
is that it allows for a linear trend in the cointegration space and also in the variables in levels. Case
4 is considered a good starting point for most empirical applications as the variables in levels are
trending. Case 5 has a problem of creating a quadratic trend in levels and a trend in differences

which is not applicable for all of SSA countries in this study.
3.4.4.2- Dummy Variables

The initial model specification does not satisfy all the desirable conditions such as normality
condition under which the model is derived, thus is going to fail some misspecification tests*.
These issues can be fixed by examining the origin of the misspecifications and modify the model

accordingly*2.

Economies in general are subject to extraordinary shocks such as wars, military coups, institutional

reforms, social unrest, famine, and drought. These events affect the time-series data and the model

41 Discussed in Appendix A.5.
42 The use of dummy variables is a common way to deal with the outlier observations.
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parameters’ stability. To control for such extraordinary events that may cause long-run trends,
growth rates, and equilibrium means to move to a new level. A set of intervention dummy variables
are used to improve the stability of the parameters. These events show up as large extraordinary

shocks in the VAR model where the normality condition is usually violated.

For most of the SSA countries the multivariate normality assumptions are rejected. For this reason,
some intervention dummy variables are included in the CVAR model. The dummy variable types
are based on structural break tests, economic calendar, political calendar, and the standardized

residuals* that show big outliers.

Many SSA data series are subject to structural breaks which are of two types. The first one is a
break in linear trend which is corrected by adding a dummy trend variable DtrendYY; defined as
(0,..,,0,1,2,3...T) and the second type is a break in level and is corrected by including a step dummy
DsYY; defined as (0,...,0,1,1,1,...,1), where YY; stands for the year 19YY or 20YY - the break year.

In addition to the structural break dummies, there are two forms of intervention dummy variables:
a transitory “blip” impulse dummy DtrYY;, defined as (O,...... ,0,1,-1,0,0.....0), the transitory
innovational outlier usually has delayed dynamic effect in the data and is described as +/- blip
dummy variable. The second is a permanent “blip” impulse dummy DpYY;, defined as
(0,0,....0,1,0,0,...0), the permanent intervention is usually with a delayed dynamic effect in the
data and it is due to large shocks**. The latter dummy variable is used in case of innovational outlier.
The additive outlier resulting from a typing mistake or measurement error and is unrelated to the
data-generating process with no delayed dynamic effect in the data should be removed before
evaluating the CVAR model (Juselius, 2006). Since it can distort inferences on cointegration rank
in small samples (Nielsen, 2004). All the variables in this study do not show the presence of additive

outliers.

Abreak in linear trend or a break in level is usually restricted in the cointegration long-run relations
to avoid quadratic trends in the data. Thus the long-run relations would be trend stationary around
a linear trend with a changing slope at year YY;. The dummy variables DtrendYY; and DsYY; if
restricted in the cointegration vectors their differences (i.e. ADtrendYY; = DsYY;; ADsYY; =

DpYY;) enter the model automatically if the model has two lags. The transitory and permanent

1
43 The value of standardized residuals are computed as X = ®~1(1-0.025)7, where X is the value of
standardized residuals, @ is the cumulative normal distribution function and T is the number of observations.
Any number greater than the value of X is considered an outlier and the appropriate intervention dummy
variable is included.
€] > 3.06,
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“blip” dummies enter the VAR model unrestrictedly. Usually DtrendYY; and DsYY; are likely to
affect the asymptotic distribution of the trace test critical values®®, while the permanent and
transitory impulse dummies do not affect the asymptotic distributions but are likely to affect the
“finite sample distribution” (Giles and Godwin, 2012; Hendry and Juselius, 2001; Juselius, 2006).
Table A3 in Appendix A.1 shows the dummy variables included, their motivations, and their impact

on the variables.
3.4.5- Misspecification Tests

It is of particular interest to conduct some misspecification tests to ensure valid statistical
inferences. Various diagnostic misspecification tests include optimal lag length, residual cross
correlations*, residual autocorrelation tests, residual heteroscedasticity tests, and normality tests
are reported in Appendix A.5. The CVAR models are successful to pass all the misspecifications

tests.
3.4.6- Rank Determination

Having determined a well-specified CVAR model, the Johansen trace test can be applied to
determine the cointegration rank and for the presence of unit roots in the multivariate framework
given the cointegration space. The characteristic of the cointegration rank is dividing the data into
r linearly independent long-run cointegration relations and (p - r) common driving trends. The
cointegration relations (stationary part) are interpreted as long-run equilibria (steady states), to
which the process is adjusting after a shock hits the system; whereas, the common trend (non-

stationary part) are the pushing forces of the process.

The distinction between stationary and non-stationary parts of the process is not a straight forward
process and several steps should be taken into considerations in addition to the trace test - the formal
test. The choice of r is of particular importance since all the econometric analysis are based on the

choice of rank and this affects the model statistical inference procedures in later stages.

The rank of matrix IT= o8’ is tested and the parameters are estimated using a maximum likelihood
methodology. Formally, to determine the number of cointegration vectors, the likelihood ratio test

is used and the trace statistic is derived from the following equation:

4| have conducted simulation tests to determine the new critical values to determine the choice of rank.
46 A residual cannot be considered an estimate of the structural shock, unless the CVAR model is complete
and this rarely happens (Juselius, 2006).
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LR(ro) = -T Xy 41 In(1 — 1))

Where LR is the likelihood ratio test, A, denotes the estimated eigenvalues or the ith largest
canonical correlation, and T is the number of the usable observations. The Johansen’s LR statistic

tests the nested hypotheses as follows:
The null hypothesis Hy(r): r = r,versus the alternative hypothesis H,(r,): r > 1,

The trace test does not give the exact number of the unit roots. Thus, to determine the cointegration
rank (r), I follow Juselius (2006) “top-to-bottom” sequential procedure which is asymptotically
better than the “bottom-to-top” alternative. In particular, in this model, there are up to five null
hypotheses that can be tested. In the trace test, the null hypothesis tests for r = r*< p versus the
alternative hypothesis for r = p. For example, the null hypothesis (rank (IT) = r) is rejected if one
of the estimated (p - r) is greater than zero. | start to test the most restricted model, the null
hypothesis (r = 0) against the alternative hypothesis (p - r = 5). If the test statistic is larger than the
critical value, the null hypothesis is rejected which means that (p - r) unit roots exist. Then the next
step is to test the null hypothesis (r = 1) against the alternative one (p - r = 4); | stop when the test

cannot be rejected.

However, Juselius (2006) states that the asymptotic distributions are poor approximations of the
true distributions in a small sample?’. Many simulation studies suggest that the asymptotic
distribution of the trace test suffers from the size and power distortions. Thus, | report the small
sample “Bartlett correction” to ensure the correct test size which can be substantial in a sample size
(Johansen, 2002b). Although the Bartlett small-sample correction trace test leads to a more accurate
size, unfortunately it does not solve the power problem. In using the trace test, | would like the
probability of rejecting a true null hypothesis (r = r*) to be small and the probability of not rejecting

a true alternative hypothesis (r # r*) to be high.

As stated before, most SSA data series are subject to structural breaks. These breaks (restricted in
the cointegration space) are going to affect the asymptotic distribution of the critical values of the
trace test (Giles and Godwin, 2012; Johansen et al. 2000; Nielsen, 2004), where the “asymptotic
tables are shifted to the right for each deterministic component included in the cointegration
relations” (Juselius, 2006). The transitory and the permanent intervention dummies usually
influence the finite-sample distribution, but not the asymptotic distribution (Juselius, 2006). The

distribution to the Johansen trace test is non-standard and is usually determined by simulations

47 The samples range from 33 to 51 observations.
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(Johansen, 1996). Including the break dummy variables have a direct impact on the asymptotic
distribution of the trace test under the null hypothesis and thus this test should be used as indicative
only (Juselius, 2006).

SSA countries are subject to civil wars, social unrests, severe droughts and famine, interventions
and adjustment reforms in addition to the small sample periods drive the test power to be lower. In
such cases, choosing the rank based on small p-value (5%) is likely to pick up the cointegration
relations with fast adjustment coefficients and “very stationary” roots (Juselius, 2006). In the latter
case, the probability of type Il error will increase, i.e. the probability of excluding long-run
stationary relations will be high. Thus, it is important to use other sources of information when
determining the best choice of rank. The determination of the cointegration rank is not an easy task
especially with small samples. Specifically, the trace test becomes less informative (i.e. the test
power is low); therefore | exploit additional information suggested by Juselius (2006). Some

robustness checks include:

i) Characteristic roots examinations: if additional cointegration (i.e. r* + 1) vector is wrongly

included in the model, then the largest characteristic root is close to a unit circle.

i) The adjustment a-coefficients significance to the additional cointegration vector: if all the
t-statistic values are less than |2.6], then no gain in information would result if including one extra

cointegration vector and would not improve the explanatory power of the model.

iii) Recursive graphs of the trace statistic: the calculated components of the recursive trace

statistic grow linearly while the rest stay constant.

iv) Cointegration relations graphs: plot all the potential cointegration vectors and deduct from

visual inspections any stationary relation.
V) The economic interpretability of the additional results.

Table 3.3 provides an overview of the trace test, Bartlett corrected trace test, a test based on the
adjustment a-coefficients t-ratios*®, and the characteristic roots of the model. The trace test and
Bartlett corrected trace test are based on 5% p-value®. The forward and backward recursive graphs
of the trace test are not reported due to the small sample size and the cointegration relations graph

can be obtained upon request.

48 At least three coefficients are greater than |2.6].
49 The test results can be obtained upon request.
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The trace test is based on the premise of “no prior economic knowledge” about the choice of rank.
However, the statistical null hypothesis may not coincide with the plausible economic null
hypothesis. Hence, it is of particular interest to pre-specify an economic prior for the number of
shocks (p - r*), where r* corresponds for long-run relation consistent with this prior. This helps to
avoid not rejecting an implausible economic null just because it founds a conveniently statistical
null. For instance, in this study, GDP and the tradable output are in real terms. Thus, I should
expect two stochastic trends originating from the cumulated productivity shocks and trends in
population. Foreign aid flow is assumed to be exogenous in the model for some countries and |
could expect a third driving trend. Further, tradable goods price can be reasonably considered
exogenous (the law of one price) and could constitute a fourth driving trend. For instance, take
Kenya as an example, the “prior economic knowledge” about the choice of rank tells that two
stochastic trends originated from the cumulated productivity shocks of GDP and the tradable
output. In addition, both prices seem to be exogenous in the model and | would expect another two

driving trends, raising the number of driving trends to four.

In Ethiopia, foreign aid and tradable goods price are both exogenous in the model which constitute
for two driving trends. In addition, the other two stochastic trends are driven by the productivity
shocks and trends in population, these raise the number of roots to four. Both in Ethiopia and Kenya,
the trace test which is based on statistical null hypothesis coincides with the economic null

hypothesis; thus the best choice of rank is one.

In this chapter, the economic prior interpretation corresponds to either {r =1, p-r =4} or {r = 2,
p - r = 3} case. According to the rank chosen in Table 3.3, the first case is empirically supported

by 11 SSA countries and the second case is empirically supported by 10 countries.

The choice of choosing the best choice of rank r* is a dilemma especially when the trace test, the
a-adjustment coefficients test, and the largest unrestricted root of the characteristic polynomial of
the model give different results. The rank choice which is based on the trace test and the Bartlett
correction trace test coincides in 18 out of 22 SSA countries; the rank choice which is based on the
trace test and the significance of a-adjustment coefficients test coincides in 14 SSA countries. In

this chapter, the chosen best rank of choice is based on the formal trace test.
3.4.7- The CVAR Stability Parameter Tests

Even though the empirical CVAR models have passed the misspecification tests, further tests
should be conducted to ensure parameters’ constancy (stability of a and f coefficients); since a

VAR model is usually derived under constant parameter assumption. These batteries of tests are
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based on tests suggested by Hansen and Johansen (1999). Those tests are divided into forward and
backward recursive tests and are designed to examine if the model suffers from parameter non-
constancy or not. Usually the parameter instability can be corrected by introducing the intervention
dummy variables, but unfortunately and due to the small samples size (33-51 observations) splitting
the full sample into two samples to perform such recursive testing is barely doable and creates more

problems (Juselius, 2006).

3.5 — Causal Links between Foreign Aid and the Variables in the SSA Countries

The causal interpretation of the four cases (presented in Section 3.4.3) is built on the aid residuals
that measure the “true shocks” to foreign aid over time. For this reason, aid residuals should not be
strongly correlated with other variables residuals. The residual correlations between foreign aid and
the variables are small and not statistically significant for 20 SSA countries. Under the assumptions
of no cross residual correlations between foreign aid and the other variables, except for Madagascar
and Sudan (very moderate correlations)®® where their result should be taken with cautious and as

indicative at most, | can proceed my analysis.

The sequence of causal testing starts with Case I, the most restrictive one, and ends up with the
least restrictive, Case V. Table 3.4 presents the testable hypotheses p-values of the causal links
between foreign aid and the variables for the 22 SSA countries. Based on the hypotheses test

outcomes, SSA countries are classified as follows:
1) - Foreign Aid and the Variables are Completely Unrelated (Case | group)

This causal condition is tested as C,; = 0 and C;, = 0. Based on joint testable hypothesis no SSA

country belongs to Case | group.
I1) - Foreign Aid is Purely Adjusting to the Variables (Case 11 group)

This test corresponds to testing the hypothesis that the aid variable in (3.4) is purely adjusting to
the system or is completely endogenous in the system. If the null hypothesis is not rejected, then a
shock to aid has no permanent impact on any other variable in the system including itself. Case Il
is tested as: ¢;; =0, C,; =0and €y, #0.

In Madagascar, aid is found to be purely adjusting and has no permanent impact on the variables,

only a transitory effect. When interpreting the hypothesis testing in Case 11, | need to keep in mind

50 See Table A4 in Appendix A.5.
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that the test result is sensitive to the omitted variables and in case the null hypothesis is not rejected,;
it is evidence that aid is ineffective in the present CVAR model. If a relevant variable is included

the test result might change (Juselius et al., 2014).
I11) - Testing Foreign Aid Exogeneity (Case 111 group)

This test is tested as C,; # 0 and C;, = 0. Thus, zero coefficients in C;, and non-zero coefficients
in C,; mean that aid has a long run impact on the other variables and at the same time is not
influenced by them (Juselius, 2006). Hence, aid is considered as weakly exogenous for the long-
run coefficients g. Foreign aid has been found to have an impact on the variables and at the same
time is not affected by them in Botswana, Burundi, Central Africa, Ethiopia, Mali and Sudan. These

countries are classified as Case |1l countries.
1V) - Endogeneity of Foreign Aid (Case IV group)

Case IV classification is tested as C,; # 0 and C;, # 0. If the first three cases are rejected, then the
remaining countries would belong to the Case IV group. In this group, foreign aid has a long-run
impact on the variables and vice versa. The majority of SSA countries® belongs to this group. To
get a clear idea, | have classified SSA countries into four groups to describe the different impacts
between foreign aid and the variables. However, classifying SSA countries into such groups will
add no information about the long-run impact of aid on the variables; the long-run impact of aid on

the variables is the core objective of the next section.

3.6-The Long-Run Impact of Aid on the Variables

The signs and significances of C,; elements describe the long-run impact of the aid shocks on other
variables. Many studies in the economic literature examine the effectiveness and ineffectiveness of
aid on growth, consumption, government fiscal policy, and investment. The present CVAR model,
in particular, is designed to examine the long-run impact of foreign aid on GDP, tradable and non-
tradable outputs, and tradable and non-tradable goods prices. | have used tradable and non-tradable
goods prices instead of the relative price of non-tradable goods (the real exchange rate) since the

latter seems to be stationary in most countries®. Using a CVAR model, there would be no long-

51 Benin, Burkina Faso, Cameroon, cape Verde, Gambia, Kenya, Lesotho, Malawi, Mauritania, Rwanda,
Senegal, Seychelles, Sierra Leone, Togo, and Uganda.

NT

52 The relative price of non-tradable goodsP}Y = P;—T, PYNT and P are calculated as current prices over constant
t

prices. Thus, PNis a ratio of two ratios which makes it stationary in most SSA countries.
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run relationship among the relative price (if stationary) and other non-stationary variables. |
emphasize here that the asymptotic standard errors, on which t-statistics are computed, may not be
the true ones due to the fact that the samples are small. Although the t-statistics may not follow the
student’s t-distribution, they still, in general, give information on the relative significance of the
estimated long-run impact of foreign aid shocks on the variables (Juselius et al., 2014). The bold t-

statistics reported in Table 3.5 are above |1.96].

Table 3.5 reports the estimated C, individual coefficients that show the long-run impact of foreign
aid on gdp, trad, pT, and p"T. The cumulated shocks to aid have a negative persistent impact on
GDP in eight SSA countries, a positive persistent impact on GDP in three SSA countries, and no
effect on the rest countries. The positive effect of aid on GDP in Lesotho, Malawi, and Rwanda
coincides with the results in Juselius et al. (2014). Whereas, the negative effect of aid shocks on
GDP coincides with Juselius et al. (2014) results only in Botswana and Burundi. Overall, Juselius
et al. (2014) find that aid shocks have a negative impact on GDP in nine SSA countries and a
positive effect in 19 SSA countries. However, | believe my result is plausible since the data and
variables used in my model are different from those used in Juselius et al. (2014)%; | also
incorporate the role of the “Dutch Disease” mechanism. In addition, Juselius et al. (2017)
investigate the final impact of the aid shocks in Tanzania and Ghana; they include the real exchange
rate® and inflation to the CVAR model used in Juselius et al. (2014). The result has changed in

both countries, suggesting that adding one or two variables can change the result.

As for the long-run impact of aid on the tradable sector, the final long-run impact of a shock to the
foreign aid has been negative and significant for the tradable output in 16 out of 22 SSA countries,
but positive and significant in the Gambia, Malawi, Rwanda, and Sierra Leone. The latter result
coincides with Demekas et al. (2002) where they suggest that post-conflict reconstruction aid does
not necessarily lead to a shrinkage in the tradable sector. Both Rwanda and Sierra Leone received

reconstruction aid after the end of their civil wars in 1994 and 2002, respectively.

The cumulated shocks to aid on the prices are more complex and hard to interpret. For instance,
aid shocks have a positive and significant impact on tradable goods price in six SSA countries®

and on non-tradable goods price in nine SSA countries®. On the other hand, aid shocks are found

53 Variables used in Juselius et al. (2014) model: foreign aid, real GDP, government expenditures, private
consumption, and investment.

54 Computed as the relative consumer prices between USA and the domestic currency multiplied by the
nominal domestic exchange rate.

55 Burkina Faso, Burundi, Malawi, Rwanda, Seychelles, and Uganda.

56 Cameroon, Cape Verde, Gambia, Malawi, Mali, Rwanda, Seychelles, Sierra Leone and Uganda.
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to have a negative and significant impact on tradable goods price in only four SSA countries®” and
on non-tradable goods price in four SSA countries®®. No single country has shown all the four
phases of the “Dutch Disease” in the long-run: a decrease in the price of tradable goods, an increase
in the price of non-tradable goods, a decline in the tradable output, and a decline in total output.
“Dutch Disease”®® seems to be a short-run phenomenon® rather than a long-run one. Adam and
Bevan (2006) evaluate the impact of an aid-induced “Dutch Disease” and find that aid funds cause

short-term “Dutch Disease” in the recipient economy.

Taking the impact of aid on prices country by country, I can see that only in Cameroon there is
significant evidence that in the long run aid has a negative effect on tradable goods price and a
positive effect on non-tradable goods price®?, the opposite is found in Burundi. Furthermore, there
are four SSA countries®?, where aid is found to have a significant and positive impact on both
prices; in two other SSA countries®, aid has had a negative impact on both of them. Finally, foreign

aid has no long-run impact on the prices in seven SSA countries®.

The results in Table 3.5 can be used to check the consistency of the classifications into Case I, 11,
I11 or IV groups in Section 3.5. For instance, | expect insignificant coefficients in C,, in Case I and
Il countries and significant coefficients in Case Ill and IV countries. Table 3.6 reports the long-run
impact of the aid shocks on the variables and shows their distribution in each category based on
their significant signs. It appears that aid has no long-run impact on the variables for Madagascar;
this is consistent with Case 1l economies. For the Case 1l group, aid has a negative long-run impact
on all the six SSA countries’ tradable sector and a negative and persistent impact on two SSA
countries” GDP. In 10 out of 15 SSA countries belonging to Case IV economies, aid is found to
have a negative persistent effect on the tradable output; in six out of 15 SSA countries, the effect
of aid on GDP is negative and statistically significant. On the other hand, aid has a positive
persistent effect on the tradable output in four SSA countries and a positive and significant effect
on GDP in only three SSA countries. Table 3.6 shows that the classifications of SSA countries into
three groups are consistent with the aid significance or insignificance results. Including or

excluding some variables may have an effect on the statistical inferences of the CVAR model. In

57 Cameroon, Senegal, Sudan and Togo.

%8 Burundi, Central Africa, Senegal and Sudan.

59 “Dutch Disease” mechanism and the factors affecting the real exchange rate are explained in Appendix
A2

80 Discussed in more details in Chapter 5.

81 This is consistent with first three phases of the “Dutch Disease” phenomenon.

62 Malawi, Rwanda, Seychelles, and Uganda.

8 Senegal and Sudan.

8 Benin, Botswana, Ethiopia, Kenya, Lesotho, Madagascar, Mauritania.
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Section 3.7, | explore the idea of including the non-tradable output instead of GDP as a process of

robustness checking.

3.7-Robustness Checking

In this section, | check the consistency of the results from Section 3.6. | show that if the results of
the long-run impact of foreign aid shocks on the variables change or not when GDP is split between
tradable and non-tradable outputs. The CVAR model in (3.6) is re-estimated by replacing gdp;

by ntrad,.% | call the latter model as Model 2 and the previous one as Model 1.

Table 3.7 demonstrates the long-run impact of aid shocks on GDP, tradable output, and non-
tradable output based on Model 1 and Model 2 results. A quick comparison between the long-run
impacts of the aid shocks to the tradable output in both models, aid shocks have a positive and
significant impact on the tradable output in four SSA countries®® in both models. Foreign aid shocks
have a negative persistent effect on the tradable output in 14 SSA countries in both models. Sudan
and Uganda are the only two countries where the results have been changed. In Model 1, the impact
of foreign aid shocks on the tradable output is negative and significant, while in Model 2, the long-
run impact of aid shocks on the tradable output is still negative, but not significant in both countries.
In addition, the cumulated shocks to aid have had a persistent negative effect on both GDP and the
non-tradable output in five SSA countries®” and a persistent positive effect only in two SSA

countries®®.

The changes in the tradable and non-tradable outputs as a result of the aid shocks differ from one
country to another. In Burundi, for example, the final impact of a shock to aid has a persistent
positive effect on the non-tradable output and a negative effect on the tradable output and GDP.
Thus, the shrinkage of the tradable output significantly exceeds the expansion in the non-tradable
output in Burundi. Whereas in Lesotho, the final impact of the aid shock has positive effects on the
non-tradable output and GDP and a negative effect on the tradable output. In Lesotho, the expansion
in the non-tradable output exceeds significantly the contraction of the tradable output. Further, there

are three SSA countries® where aid shocks have positively affected the non-tradable output and

% In Appendix A.6, | evaluate a CVAR model where the tradable sector is composed of agricultural and
industrial sectors instead of agricultural and manufacturing sectors. The results are still robust.

8 Gambia, Malawi, Rwanda, and Sierra Leone.

57 Botswana, Cape Verde, Kenya, Seychelles, and Togo.

88 |_esotho and Rwanda.

8 Central Africa, Mali and Sudan.
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negatively affected the tradable output, but no effect on GDP. In the Gambia, foreign aid shocks

have negatively affected the non-tradable output and have positively affected the tradable output™.

Countries classified as Case 111 economies are exhibiting a shrinkage in the tradable sector and an
expansion in the non-tradable output as a result of the aid cumulated shocks except for Botswana -
both sectors are shrinking. In contrast, for Case IV economies, foreign aid has different effects. For
instance, only in Lesotho, aid has been found to have a negative effect on the tradable output and a
positive effect on the non-tradable output and GDP. In addition, aid shocks have negative and
significant effects on both sectors in three SSA countries’™, a negative effect on the tradable output
only in three SSA countries’?, negative impacts on the tradable output and GDP in two countries”,
and negative effects on the non-tradable output and GDP only in Cape Verde. Finally, foreign aid
has positive and significant impacts on the tradable and non-tradable outputs only in Rwanda, a
positive effect on the tradable output only in the Gambia and Sierra Leone, and positive effects on
the tradable output and GDP in Malawi. This heterogeneity in results raises a question whether aid

is effective or not and whether aid has a long-run impact on the GDP’s structure.
3.7.1- Aid Effectiveness/Ineffectiveness

Inflows of foreign aid into SSA countries have persistent positive and/or negative effects on GDP,
tradable and non-tradable outputs; however, the impact differs from one country to another. To get
a clear idea about the long-run impact of foreign aid, it is of particular interest to define two
economic hypotheses. The first economic hypothesis describes where aid is harmful to GDP,
tradable output, and non-tradable output. The second one describes aid effectiveness for at least
one of them. Table 3.8 reports the results for both economic hypotheses. In Model 1, foreign aid is
found to be harmful to GDP, tradable output, and non-tradable output in eight, 16, and five SSA
countries, respectively. On the other hand, foreign aid has been effective to GDP, tradable output,

and non-tradable output in three, four, and six SSA countries, respectively.

The results so far have provided a strong support for the aid harmfulness hypothesis; the results are
robust in both models. The significant negative effects on either GDP, tradable output, and non-
tradable output receive far more support than the significant positive effects in SSA countries. The
above results strengthen my previous conclusion that foreign aid has been harmful to the majority
of SSA countries under study. The results reflect the fact that regardless of the aid-to-GDP share

0 Opposite of “Dutch Disease” effect.t
"1 Kenya, Seychelles and Togo.

2 Benin, Burkina Faso, and Cameroon.
8 Mauritania and Senegal.
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and the tradable output-to-GDP share discrepancies among SSA countries. Foreign aid has been

harmful to the majority of SSA countries.

My results on the shrinkage of the tradable sector coincide with Rajan and Subramanian (2005,
2011) and Arellano et al. (2009), but the methodology used in this study is different from their
cross-sectional methodologies. My results contradict Juselius et al. (2014) results, where aid has
been found to have a positive long-run effect on GDP in 19 SSA countries; it contradicts Feeny and
McGillvary (2010) results, where aid has been found to spur economic growth in recipients’
countries. Selaya and Thiele (2010)™ and Kumi (2017)" find that aid has a positive effect on GDP
and the tradable sector, in contrast to my results except for four SSA countries where aid has a
positive impact on the tradable sector. Only in Rwanda, my result coincides with Selaya and Thiele
(2010) and Kumi et al. (2017), where both sectors are expanding as a result of the aid shocks.
Finally, Arndt et al. (2010, 2015) find that aid has a positive effect on GDP, manufacturing,

industrial, and services sectors, but the agricultural sector shrinks as a result of aid injection.
3.7.2- The Impact of Aid on the GDP’s Structure

The shrinkage and/or the expansion of the tradable and non-tradable sectors have a direct effect on
the country’s economic transformations and on the GDP’s structure. Given the information from
Table 3.7, | can draw inferences on the GDP’s structural changes. For instance, in Central Africa,
the tradable sector is significantly shrinking and the non-tradable output is significantly expanding
as a result of aid inflows; whereas, aid has no impact on GDP. So, | can draw an inference that the
share of non-tradable output-to-GDP is expanding at the expense of the tradable output-to-GDP
share. In Lesotho, aid has a negative and significant impact on the tradable sector and a positive
and significant impact on the non-tradable output and total output. | can draw an inference that the
tradable output as a share of GDP is decreasing and the non-tradable as a share of GDP is

increasing.

The long-run impact of foreign aid on the tradable and non-tradable sectors seems to alter GDP’s
structure in 15 SSA countries given the information from Table 3.7. The situation is ambiguous in
the rest of the countries. For example, in Botswana, Kenya, Seychelles, and Togo both sectors are
shrinking and in Rwanda both sectors are expanding. Table 3.9 reports the long-run impact of aid
on GDP and both sectors as a share of GDP based on estimations from Table 3.7. For Case IlI
economies, where foreign aid is treated as weakly exogenous; foreign aid appears to increase the

74 Tradable output (agriculture and industry).
5 Tradable output (agriculture and manufacturing).
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non-tradable output-to-GDP share at the expense of the tradable output-to-GDP share in five out
of six countries. For Case IV economies, the situation is slightly different, the final impact of a
shock to aid has a negative effect on the tradable output as a share of GDP in seven SSA countries
and a positive effect in other three countries at the expense of the non-tradable share. In 12 out of
22 SSA countries, the non-tradable output-to-GDP ratio is expanding at the expense of the tradable

output-to-GDP ratio; in three SSA countries the situation is the opposite.

3.8- The Impact of GDP and the Tradable Output on Foreign Aid Flows

The CVAR methodology enables me to answer a political economy research question (Does
domestic economic activity affect the allocation of donors foreign aid?) with the vector C;,= (¢;5,
C13, C14, C15 ) that captures if foreign aid has been influenced by the variables or not. As far as |
am aware, this chapter is the first to test for the causal relationship from the recipient's GDP and

the tradable sector to the level of foreign aid.

Foreign aid motivations to the developing countries have influenced the donors’ government
decisions in their aid allocations. From the supply side point of view, aid is provided to reduce
human suffering (Berthelemy, 2006), to improve social welfare of both recipient and donor
(Sayanak and Lahiri, 2009), to support trade interests of donors (Berthelemy, 2006; Macdonald and
Hoddinott, 2004), to promote democracy and human rights in the recipient countries (Neumayer,
2003), to compensate for colonialism (Edgren, 2002), and to achieve global political aspirations

and increase donor’s influence in the developing world (Riddell, 2007).

McGillivary (1989) assesses the extent to which donors provide aid based on the needs of the
recipient countries using an “income-weighted per capita aid index” for 85 countries. He finds that
Scandinavian countries score higher (i.e. provide aid for countries performing well); the United
States of America performs poorly suggesting that their aid allocations are influenced by political,
strategic, and commercial interests. Collier and Dollar (2001; 2002) develop a “poverty efficient
aid allocation” model that aims to reduce poverty in countries adopting good policies and they
introduce a policy based on the World Bank Country Policy and Institutional Assessment index
(CPIA). They suggest that aid should be allocated to countries that show improvements in the CPIA
index. They also argue that donors should allocate more aid to countries where there is more
poverty and where aid is found to have more impact on reducing poverty. However, Anderson and
Waddington (2007) argue that countries with high levels of poverty may be missed out if they are

not efficient in reducing their poverty levels.
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Having analyzed the long-run impact of aid on the variables, it is of particular interest to examine
how GDP and the tradable output influence the flow of foreign aid. That is, how donors provide
aid and how the recipients’ macroeconomic performance affects the flow of aid. The first two
elements of C;, (c;, and c,3) describe the cumulated effect of the long-run movement in GDP
and the tradable output permanent shocks to the aid variable in the system. In other words, | am
trying to investigate how the macroeconomic performance of the SSA countries influences the
inflows of foreign aid allocated by donors. Panel A of Table 3.10 presents the long-run influences
of GDP and the tradable output on the aid inflows, while Panel B shows the long-run impact of aid
on GDP and the tradable output. It appears that shocks to GDP and shocks to the tradable output
work in opposite directions in eight SSA countries’ in influencing the flow of aid. For Madagascar
(Case Il economy), the flow of foreign aid has been permanently and negatively influenced by the
shocks to GDP and positively influenced by the shocks to tradable output; foreign aid shocks seem
to have no permanent effect. For Case I1l economies, where aid is considered exogenous, aid has
not been influenced by either GDP or the tradable output cumulated shocks in the long-run; this is
consistent with the expectations of aid exogeneity. However, foreign aid shocks have influenced at

least one of them.

The situation differs while considering Case IV economies, the flow of foreign aid has been
negatively influenced in Benin, Burkina Faso, and the Gambia and positively influenced in
Cameroon and Uganda by GDP shocks; at the same time, aid has no long-run impact on GDP. In
Kenya and Senegal, aid has been positively influenced by GDP shocks (i.e. donors allocate more
aid for the country performing well); aid injection seems to be harmful to GDP. Only in Malawi
and Rwanda, aid has been negatively influenced by GDP shocks (i.e. donors allocate less aid for
the country performing well); at the same time, aid seems to be effective to GDP. This situation is
different in Mauritania, Seychelles, and Togo where aid has been negatively affected by GDP

shocks, but aid injection has a persistent negative effect on GDP.

In addition to GDP shock, the shocks to the tradable output have a long-run influence on the flow
of foreign aid in SSA countries. For instance, aid has been negatively influenced by the tradable
output shocks (more aid is allocated for countries exhibiting shrinkage in the tradable output or less
aid is allocated for countries exhibiting an expansion in the tradable output); however, aid has a
negative impact on the tradable output in Burkina Faso, Kenya, Lesotho, Senegal, and Togo. In

Cape Verde, aid has no effect on the tradable output, although it has been negatively influenced by

76 Benin, Gambia, Kenya, Madagascar, Malawi, Mauritania, Rwanda, and Senegal.
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the tradable output shocks. In contrast, | have found evidence that the tradable output shocks have
been positively influenced the flow of foreign aid in the Gambia, Malawi, Rwanda, and Sierra
Leone; aid shocks have a positive long-run impact on the tradable sector. In these countries, the
tradable output is expanding and the new injections of aid have a persistent positive effect on
expanding this sector. In Benin and Mauritania, the latter situation is different, where aid has been
positively influenced by the tradable output shocks, but aid shocks have a negative persistent effect

on the tradable output.

The results of the long-run impact of the variables shocks are summarized in Table 3.11. Only in
Malawi and Rwanda, attracting less aid has a positive effect on GDP. In the Gambia, Malawi,
Rwanda, and Sierra Leone, attracting more aid has a positive effect on the tradable output. These
countries are of particular importance to investigate the mechanism through which foreign aid has

been effective and this is left for future research.

3.9- Summary and Conclusion

This chapter explores the long-run impact of aid on GDP, on each of the tradable and non-tradable
sectors, and on the prices of tradable and non-tradable goods in 22 SSA countries from the 1960s
to 2014. | develop a CVAR model which takes into account major extraordinary events and use it
to analyze the impact of foreign aid on each country. | show that aid has had a negative long-run
impact on GDP and the tradable output in the majority of countries (17 out of 22 SSA countries). |
find only three countries where aid has positively impacted GDP. In 16 out of 22 SSA countries,
aid has a significant negative effect on the tradable output, and in only four SSA countries aid has
a significant positive impact on the tradable sector. For countries classified as Case Il economies
(Foreign aid is weakly exogenous), the tradable sector is shrinking in all the six SSA countries as
a result of cumulated aid shocks. To some extent, the impact of foreign aid seems to vary from one

country to another; this is very important in determining the proper policy for each country.

Further, aid flows are found to be weakly exogenous: GDP, tradable output, tradable and non-
tradable prices have no long-run impact on foreign aid in six SSA countries. Aid is found to be
endogenous (purely adjusting) in only one country. In 15 countries, foreign aid is found to be
neither weakly exogenous nor completely endogenous: GDP, tradable output, tradable and non-

tradable prices have long-run impact on foreign aid.

47



Overall, I do not find evidence consistent with the mechanism of the “Dutch Disease” being active
in the long-run. Still, 1 find mainly non-positive impacts of aid on GDP, in contrast to much of the
literature including, the work of Juselius et al. (2014). A possible reason for the difference in
conclusions is my use of a more disaggregated model which involves using new sources of data.
To concentrate on the disaggregation, | exclude some variables included in previous analyses.
Future work points to the need to integrate other dimensions such as trade flows (imports and
exports) and monetary variables, as well as other mechanisms which might be differentially
affecting sectors within countries. For example, food aid (13% of total aid is Humanitarian in 2016)

may reduce the tradable sector, possibly by destroying local agriculture.
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Table 3.1A: Countries, sample period, aid, tradable output, exports and imports as percentage of GDP
and components of the tradable sector (Source: WDI, 2017)

Country Period Aid/GDP  Trad/GDP Exp/GDP Imp/GDP  Tradable

Benin 1971-2014 9.00% 41.80% 20.10% 33.25%  Agr+ Man
Botswana 1965-2014 7.80% 18.30% 49.00% 52.20%  Agr+ Man
Burkina Faso 1970-2014  12.00% 44.50% 11.15% 27.00%  Agr+ Man
Burundi 1970-2014  18.60% 63.25% 9.35% 24.70% Agr + Ind
Cameroon 1965-2014 4.00% 35.40% 22.35% 23.20% Agr+ Man
Cape Verde 1980-2014  25.30% 32.80% 26.30% 64.75% Agr + Ind
Central Africa 1977-2012  12.25% 53.65% 18.75% 27.10%  Agr + Man
Ethiopia 1981-2014 9.80% 52.35% 2.65%* 9.40%*  Agr+ Man
Gambia 1966-2014  14.90% 31.65% 33.55% 45.40%  Agr + Man
Kenya 1967-2014 5.75% 38.35% 26.20% 32.00%  Agr+ Man
Lesotho 1975-2013  15.40% 24.50% 14.65%*  61.75%*  Agr+ Man
Madagascar 1982-2014 8.70% 40.00% 21.90% 32.80% Agr + Ind
Malawi 1975-2014  19.25% 47.65% 24.35% 35.75%  Agr + Man
Mali 1967-2014  13.50% 57.60% 17.95% 28.45% Agr + Ind
Mauritania 1973-2014  19.00% 56.50% 41.15% 59.05% Agr + Ind
Rwanda 1975-2014  18.20% 48.85% 10.25% 24.55%  Agr+ Man
Senegal 1979-2014  10.25% 30.10% 26.90% 39.40%  Agr+ Man
Seychelles 1978-2014 6.15% 14.80% 44.15% 74.05%  Agr+ Man
Sierra Leone 1964-2014  12.30% 61.10% 21.50% 30.00% Agr + Ind
Sudan 1976-2011 4.85% 41.45% 10.50% 16.10%  Agr + Man
Togo 1976-2014 9.50% 43.00% 40.10% 52.00%  Agr+ Man
Uganda 1982-2014  12.20% 44.35% 12.50% 23.00%  Agr+ Man

Agr, Man and Ind stand for agriculture, manufacturing and Industry

*, exports and imports data are taken from PWT 9.0
Agriculture sector includes agriculture, fishing, forest and hunting; Manufacturing sector includes

manufacturing; Industry sector includes mining and quarrying, manufacturing, electricity and water,
and construction; Exports and Imports include both goods and services.
In Botswana and Gambia, Agr + Ind constitute to 51.75% and 38.5% of GDP respectively. In

Seychelles, commercial services exports composed 65% of total exports.
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Table 3.1B: Composition of tradable sector
(Source: WDI, 2017)

Country Agr Man Ind Trad = Agr+Man  Trad = Agr+Ind
Benin 30.02% 11.79% 17.78% 41.80% 47.80%
Botswana 12.45% 5.86%  39.29% 18.30% 51.75%
Burkina Faso 31.15% 13.39% 20.47% 44.50% 51.60%
Burundi 48.55% NA 14.67% NA 63.25%
Cameroon 22.48% 12.90% 25.55% 35.40% 48.05%
Cape Verde 11.86% NA 20.96% NA 32.80%
Central Africa 46.18% 7.47%  15.62% 53.65% 61.80%
Ethiopia 47.70% 4.64% 10.28% 52.35% 58.00%
Gambia 26.15% 551% 12.32% 31.65% 38.50%
Kenya 27.82% 10.54% 16.96% 38.35% 44.80%
Lesotho 12.96% 1151% 26.53% 24.50% 39.50%
Madagascar 27.21% NA 12.83% NA 40.00%
Malawi 35.03% 12.61% 18.45% 47.65% 53.50%
Mali 41.09% NA 16.53% NA 57.60%
Mauritania 28.23% NA 28.25% NA 56.50%
Rwanda 38.25% 10.60% 17.96% 48.85% 56.20%
Senegal 16.89% 13.19% 20.19% 30.10% 37.10%
Seychelles 4.21% 10.57% 18.46% 14.80% 22.70%
Sierra Leone 41.65% NA 19.46% NA 61.10%
Sudan 3457% 6.88% 17.36% 41.45% 51.95%
Togo 34.95% 8.06% 20.09% 43.00% 55.05%

Uganda 37.35% 7.01% 16.43% 44.35% 53.80%




Table 3.2A: Perron test for exogenous structural break

Country Variable Break Type Break Year Outlier Type t-statistics Order
Benin trad Intercept 1982 10 -0.96 (0.75) 1(1)
Burundi aid Intercept 1994 10 -4.01 (0.37) 1(1)
gdp Intercept 1992 10 -4.19 (0.15) 1(1)
non-
trad Intercept 1991 10 -3.92 (0.24) 1(1)
trad Intercept 1993 10 -3.28 (0.55) I(1)
Cape Verde pT Trend 1994 10 -1.57 (0.73) I(2)
Central Africa  aid Intercept 1996 10 -3.89 (0.26) 1(1)
Ethiopia pNT Intercept 1996 10 -1.43 (0.96) 1(1)
Gambia aid Intercept 1990 10 -4.06 (0.19) 1(1)
Kenya aid Intercept 1995 10 -3.11 (0.87) I(1)
Lesotho trad Intercept 1979 10 -3.88 (0.26) 1(1)
Mali aid Intercept 1972 10 -4.41 (0.16) 1(1)
Rwanda aid Intercept 1996 10 -3.80 (0.31) 1(1)
gdp Intercept 1994 10 -3.42 (0.43) 1(1)
non-
trad Intercept 1995 10 1.95 (0.99) I(1)
trad Intercept 1994 10 -3.02 (0.67) 1(1)
Seychelles pNT Intercept 2003 10 -2.72 (0.95) 1(1)
Sierra Leone gdp Trend 2000 10 -2.89 (0.76) 1(1)
non-
trad Trend 1999 10 -2.82 (0.78) I(1)
Sudan pT Trend 1995 10 -2.21 (0.71) 1(2)
pNT Trend 1995 10 -2.45 (0.62) I(1)
Togo aid Trend 2003 10 -2.83(0.72) 1(1)
Uganda aid Trend 1993 10 -1.01 (0.78) I(1)

p-value in parentheses and depends on the time of

break
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Table 3.2B: Zivot-Andrews test for endogenous Structural Break

Break Break t-
Country Variable Type Year statistics ~ Order
Benin trad Intercept 2008 -3.64 1(2)
Burundi aid Intercept 1995 -3.75 1(1)
gdp Intercept 1993 -4.84 1(2)
non-trad  Intercept 1996 -4.11 1(1)
trad Intercept 1993 -3.56 1(2)
Cape Verde  pT Trend 1991 -4.37 1(1)
Central Africa aid Intercept 1997 -3.02 1(2)
Ethiopia pNT Intercept 2008 -2.04 1(1)
Gambia aid Intercept 1991 -3.59 1(2)
Kenya aid Intercept 1996 -4.62 1(1)
Lesotho trad Intercept 2000 -4.44 1(2)
Mali aid Intercept 1997 -3.81 I(1)
Rwanda aid Intercept 1997 -4.44 1(2)
gdp Intercept 1990 -3.13 1(1)
non-trad  Intercept 1991 -3.06 1(2)
trad Intercept 1989 -3.47 I(1)
Seychelles pNT Intercept 2008 -4.20 1(1)
Sierra Leone  gdp Trend 2002 -2.53 1(1)
non-trad Trend 2000 -3.05 1(2)
Sudan pT Trend 1996 -3.93 1(1)
pNT Trend 1998 -3.03 1(1)
Togo aid Trend 2003 -2.83 I(1)
Uganda aid Trend 1991 -3.61 1(1)
Critical Intercept Trend Both
Value 5% -4.800 -4.420 -5.080
Table 3.2C: Unit-root test results with two structural breaks
Lumsdaine-Papell Test
Country Variable Intercept 1st Break 2nd Break Order
Cameroon gdp -5.840 1976 1987 I(1)
non-trad  -5.720 1976 1989 1(2)
Madagascar  gdp -5.197 1990 2004 1(1)
non-trad  -5.093 1990 2003 1(2)
trad -5.4038 1991 2001 I(1)
Critical
Value 5% -6.16
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Table 3.3: Ranking
test

Country

Trace

Trace
Bartlett

Alpha

Roots

Rank chosen

Benin
Botswana
Burkina Faso
Burundi
Cameroon
Cape Verde
Central Africa
Ethiopia
The Gambia
Kenya
Lesotho
Madagascar
Malawi

Mali
Mauritania
Rwanda
Senegal
Seychelles
Sierra Leone
Sudan

Togo
Uganda
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Table 3.4: Testable hypotheses of causal links between aid and the variables

Country H, H, H; Hy Hs H;&H, H,&H; Case
Madagascar 0.011 0.124  0.000 0.000 I
Botswana 0.069 0.078 0.000 0.021 0.050 i
Burundi 0.616 0.001 0.069 0.038 i
Central Africa 0.389 0.000 0.001 0.006 i
Ethiopia 0.339 0.008 0.001 0.008 i
Mali 0.965 0.000 0.046 0.031 i
Sudan 0.905 0.000 0.000 0.000 i
Benin 0.025 0.049 0.009 0.033 v
Burkina Faso 0.003 0.006  0.000 0.000 v
Cameroon 0.000 0.000 0.009 0.000 v
Cape Verde 0.000 0.000 0.056 0.005 v
The Gambia 0.000 0.029  0.080 0.050 v
Kenya 0.000 0.012 0.000 0.000 v
Lesotho 0.008 0.011 0.018 0.029 v
Malawi 0.002 0.000 0.000 0.000 v
Mauritania 0.000 0.000 0.000 0.000 v
Rwanda 0.029 0.000 0.000 0.000 v
Senegal 0.017 0.001 0.020 0.038 v
Seychelles 0.038 0.000 0.041 0.037 v
Sierra Leone 0.008 0.000 0.000 0.000 0.000 v
Togo 0.003 0.000 0.000 0.000 v
Uganda 0.009 0.014 0.027 0.001 v

54



Table 3.5: Long-run impact of aid (rank based on trace test)

Country gdp trad pT pNT Case
Madagascar 0.035 (1.705) 0.015 (1.494) -0.095 (-1.922) -0.118 (-1.642) I
Botswana -0.190 (-2.147) -0.207 (-2.342) 0.015 (0.444)  -0.077 (-1.129) Il
Burundi -0.132 (-2.814) -0.354 (-4.728)  0.272(2.694) -0.368 (-2.770) I
Central Africa 0.015 (0.590) -0.050 (-2.925)  -0.063 (-1.353) -0.103(-2.035) I
Ethiopia -0.045 (-0.661) -0.207 (-3.616)  0.281(1.593)  0.130 (0.957) 1
Mali -0.008 (-0.520) -0.049 (-2.673)  0.008 (0.321)  0.069 (3.004) 1
Sudan -0.002 (-0.070) -0.096 (-1.997)  -0.521 (-2.490) -0.364 (-2.178) I
Benin 0.026 (0.585) -0.247 (-2.234)  0.394(1.752)  0.192 (1.538) \Y,
Burkina Faso -0.002 (-0.029) -0.164 (-2.390)  0.212 (2.069)  0.144 (1.561) \Y,
Cameroon -0.003 (-0.357) -0.010 (-2.271)  -0.034 (-2.325)  0.025 (2.508) \Y,
Cape Verde -0.099 (-2.241) -0.062 (-1.761)  -0.004 (-0.162)  0.170 (5.445) WY,
Gambia -0.005 (-0.612) 0.050 (3.606)  -0.024 (-1.582)  0.051 (3.759) \Y,
Kenya -0.118 (-2.894) -0.085 (-2.106)  -0.054 (-0.647)  0.089 (1.562) \Y
Lesotho 0.077 (2.241) -0.104 (-2.366) 0.010 (0.096) 0.107 (1.349) v
Malawi 0.073 (2.620) 0.181(3.637)  0.390 (3.767)  0.444 (2.893) \Y,
Mauritania -0.101 (-4.261) -0.098 (-2.828)  -0.018 (-0.361)  0.022 (0.575) \Y,
Rwanda 0.383 (4.103) 0.403 (3.873)  0.261(2.126)  0.566 (3.719) \Y,
Senegal -0.019 (-3.725) -0.066 (-6.135)  -0.054 (-3272) -0.033(-2.231) IV
Seychelles -0.060 (-2.860) -0.085(-2.984)  0.083(2.163)  0.088 (3.787) \Y,
Sierra Leone 0.006 (0.312) 0.085(5.682)  0.100(0.903)  0.250 (2.260) \Y,
Togo -0.030 (-5.702) -0.024 (-3.025)  -0.063 (-6.034) -0.024 (-1.389) IV
Uganda -0.021 (-1.242) -0.026 (-2.108)  0.557 (4.758)  0.415 (5.823) \Y,

t-ratios are in parenthesis (Bold figures are significant at 5%)
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Table 3.6: The number of Case I-IV SSA countries according to sign and statistical
significance of the effect of foreign aid on the variables

Countries
number (++) (--)

Case | 0

gdp - -
trad - -

p’ - -
pNT _ _

Case Il 1

gdp - -
trad - .

p’ - -
pNT _ _

Case Il 6
gdp -
trad R
p" 1
pNT

-
W kFkr OON

Case IV 15
gdp

trad

pT

pNT

10

o o1 A~ W

(++) indicates t-statistics > 1.96
(--) indicates t-statistics < -1.96



Table 3.7: Long-run impact of aid (rank based on

trace test)

Model 1 Model 2
Country gdp trad non-trad trad Case
Madagascar 0.035 (1.705) 0.015(1.494)  -0.052(1.319) 0.014 (1.390) I
Botswana -0.190 (-2.147)  -0.207 (-2.342) -0.191 (-1.968) -0.191 (-2.120) Il
Burundi -0.132 (-2.814)  -0.354 (-4.728)  0.408 (5.650) -0.279 (-4.190) Il
Central Africa  0.015(0.590)  -0.050 (-2.925)  0.104 (2.444) -0.050 (-2.690) Il
Ethiopia -0.045 (-0.661) -0.207 (-3.616)  0.127 (1.813) -0.214 (-4.656) Il
Mali -0.008 (-0.520)  -0.049 (-2.673)  0.038 (2.300) -0.049 (-2.551) Il
Sudan -0.002 (-0.070)  -0.096 (-1.997) 0.075(1.983) -0.089 (-1.915) Il
Benin 0.026 (0.585)  -0.247 (-2.234)  0.160 (1.824) -0.231(-2.322) IV
Burkina Faso -0.002 (-0.029) -0.164 (-2.390) 0.121 (1.426) -0.146 (-2.014) IV
Cameroon -0.003 (-0.357)  -0.010 (-2.271) 0.001 (0.004) -0.010 (-2.278) IV
Cape Verde -0.099 (-2.241) -0.062 (-1.761) -0.163(-2.098) -0.067 (-1.411) IV
Gambia -0.005 (-0.612)  0.050 (3.606)  -0.005 (-0.612) 0.023 (3.193) IV
Kenya -0.118 (-2.894)  -0.085(-2.106) -0.146(-2.883) -0.090 (-2.229) IV
Lesotho 0.077 (2.241)  -0.104 (-2.366)  0.141 (2.605) -0.108 (-2.385) IV
Malawi 0.073 (2.620) 0.181 (3.637) -0.010(-0.276) 0.181 (3.643) IV
Mauritania -0.101 (-4.261)  -0.098 (-2.828) -0.037 (-1.571) -0.066 (-5.221) IV
Rwanda 0.383 (4.103) 0.403 (3.873) 0.373(3.874) 0.406 (3.849) IV
Senegal -0.019 (-3.725)  -0.066 (-6.135)  0.002 (0.334) -0.066 (-6.172) IV
Seychelles -0.060 (-2.860)  -0.085(-2.984) -0.056 (-2.306) -0.085 (-2.970) IV
Sierra Leone 0.006 (0.312) 0.085 (5.682) -0.060 (-1.324) 0.101(3.977) IV
Togo -0.030 (-5.702)  -0.024 (-3.025) -0.033(-3.691) -0.020 (-2.889) IV
Uganda -0.021 (-1.242)  -0.026 (-2.108) -0.036 (-1.364) -0.021 (-1.673) IV

t-ratios are in parenthesis (Bold figures are

significant)
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Table 3.8: A sensitivity analysis of the long-run impact of foreign aid on GDP, the tradable and
non-tradable outputs under two economic hypothesis

Economic hypothesis 1: Foreign aid is Economic hypothesis 2: Foreign aid is

harmful effective
Number of countries with significantly Number of countries with significantly
negative effects positive effects
Model 1 Model 2 Model 1 Model 2
gdp 8 3
ntrad 6 6
trad 16 14 4 4

Source: Author’s calculations

Table 3.9: The long-run impact of aid on GDP structure

Country Trad/GDP Ntrad/GDP GDP Case
Madagascar Unknown Unknown No effect Il
Botswana Unknown Unknown Negative i
Burundi Decrease Increase Negative i
Central Africa Decrease Increase No effect Il
Ethiopia Decrease Increase No effect Il
Mali Decrease Increase No effect Il
Sudan Decrease Increase No effect Il
Benin Decrease Increase No effect v
Burkina Faso Decrease Increase No effect v
Cameroon Decrease Increase No effect v
Cape Verde Unknown Unknown Negative v
Gambia Increase Decrease No effect v
Kenya Unknown Unknown Negative \V
Lesotho Decrease Increase Positive v
Malawi Increase Decrease Positive v
Mauritania Decrease Increase Negative v
Rwanda Unknown Unknown Positive v
Senegal Decrease Increase Negative v
Seychelles Unknown Unknown Negative v
Sierra Leone Increase Decrease No effect v
Togo Unknown Unknown Negative \V
Uganda Decrease Increase No effect v

Source: Author’s estimations based on Table 3.7.



Table 3.10: Long-run impact of the variables (rank based on trace test)

Panel A

Panel B

Long-run impact of variables on aid

Long-run impact of aid on variables

Country Eydp Errad gdp trad Case
Madagascar -5.482 (-1.968) 5.518 (2.160) 0.035 (1.705) 0.015 (1.494) I
Botswana 1.249 (0.503) -2.631 (-1.647)  -0.190 (-2.147)  -0.207 (-2.342) 1
Burundi -0.275 (-0.844) 0.775 (0.724) -0.132 (-2.814)  -0.354 (-4.728) 1
Central Africa 1.904 (1.033) -2.451 (-1.033) 0.015 (0.590) -0.050 (-2.925) 1
Ethiopia 1.351 (0.953) -1.870 (-1.209)  -0.045(-0.661)  -0.207 (-3.616) 1
Mali -0.075 (-0.056) 0.073 (0.056) -0.008 (-0.520)  -0.049 (-2.673) 1
Sudan -0.054 (-0.118) 0.218 (0.118) -0.002 (-0.070)  -0.096 (-1.997) 1
Benin -0.523 (-2.102) 0.485 (2.780) 0.026 (0.585) -0.247 (-2.234) v
Burkina Faso -1.547 (-4.103) -1.266 (-4.711) -0.002 (-0.029) -0.164 (-2.390) v
Cameroon 4.685 (3.932) 1.318 (-1.169) -0.003 (-0.357)  -0.010 (-2.271) \Y;
Cape Verde -0.655 (-1.650) -0.801 (-5.246)  -0.099 (-2.241)  -0.062 (-1.761) Y
Gambia -1.811 (-4.260) 1.655 (4.260) -0.005 (-0.612) 0.050 (3.606) \Y;
Kenya 4.553 (9.962) -4.486 (-9.962)  -0.118(-2.894)  -0.085 (-2.106) \Y;
Lesotho 0.512 (0.874) -1.928 (-4.485) 0.077 (2.241) -0.104 (-2.366) \Y;
Malawi -0.887 (-5.139) 1.981 (5.139) 0.073 (2.620) 0.181 (3.637) \Y;
Mauritania -1.667 (-9.037) 0.187 (9.037) -0.101 (-4.261)  -0.098 (-2.828) \Y
Rwanda -0.770 (-3.664) 0.991 (3.664) 0.383 (4.103) 0.403 (3.873) \Y;
Senegal 0.558 (2.318) -1.482 (-2.318)  -0.019(-3.725)  -0.066 (-6.135) \Y;
Seychelles -2.404 (-3.821) 0.204 (0.274) -0.060 (-2.860)  -0.085 (-2.984) Y
Sierra Leone -0.318 (-0.314) 1.159 (2.065) 0.006 (0.312) 0.085 (5.682) v
Togo -2.439 (-2.880) -0.106 (-2.880)  -0.030(-5.702)  -0.024 (-3.025) Y
Uganda 1.114 (2.183) -1.083 (-0.770) -0.021 (-1.242) -0.026 (-2.108) v

t-ratios are in parenthesis (Bold figures are significant)

Table 3.11: Comparison between the impacts of the variables’ shocks

Long-run
impact of aid’s
shock on gdp

Long-run
impact of aid’s
shock on trad

Long-run impact of gdp’s shock on aid

Positive  Negative No-effect
Positive 0 2 1
Negative 2 3 3
No-effect 2 4 5

Long-run impact of trad’s shock on aid

Positive  Negative No-effect
Positive 4 0 0
Negative 2 5 9
No-effect 1 1 0
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Chapter 4

Foreign Aid, Human Capital Investment, and
Business Cycle

4.1- Introduction

Government policy usually aspires to provide good educational infrastructure and good quality
education. Most governments in the world provide free public schooling up to Grade 12. However,
the presence of free education does not mean that households do not incur expenses in educating
their children. For instance, households still incur expenses related to tuition fees, school uniforms,
books, school supplies, and other educational supplies. In addition, some households register their
children in private schools where they have to pay tuition fees. In the Philippines for example,
households spend 3.17% of their monthly expenditure on education (Tabuga, 2007), while in
Kenya” they spend around 3.4%.

Households decide whether their children attend the school or not’. However, private investment’
in human capital decisions is usually affected by the opportunity cost of education which increases
by student age. Hega and Hokenmaier (2002) find that there exists a negative relationship between
private and public education spending® (i.e. the more the government spends on education, the less
the citizens invest in education). Educating children today would enhance their future labor income
as well as their social capabilities. The Global Economic Symposium (2018) urges developing
countries to act wisely and quickly to face the increasing demand for education, so that the new
generation has adequate skills to achieve economic competence and independence. From a
macroeconomic perspective, investment in human capital and knowledge contributes to economic

growth in the long-run by increasing labor productivity which is reflected in increasing output.

In Chapter 3, foreign aid was found to have a negative impact on GDP in eight countries and on

the tradable output in 16 countries. Foreign aid can be used to increase the household’s investment

7 See Appendix B.6 for details.

8 Unless school attendance is mandatory especially for primary education.

8 Tuition fees, books, uniforms, school supplies, time devoted to study, and other educational supplies.
8 Their study only includes 18 advanced industrialized countries.
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in education, thus increasing their children productivity. This chapter examines the role of foreign
aid on household’s education spending as well as time allocated to acquire skills. | look at both the
level and volatility of foreign aid. In particular, 1 use a calibrated dynamic stochastic general
equilibrium — real business cycle — (DSGE-RBC) model of a small representative-agent economy
to examine the dynamic implications of foreign aid on private human capital investment, study
hours, and human capital accumulation in addition to macro variables. To the best of my
knowledge, the impact of a change in the volatility of foreign aid has not been previously examined

in a DSGE-RBC model, in a context of two forms of capital®..

The model is calibrated to match the Kenyan economy for the period of 1970-2014. In the
calibrated model, a positive temporary shock to foreign aid generates a positive income effect,
which manifests in several ways. First, an increase in foreign aid in the short run® produces a
positive income effect, leading to an increase in consumption and leisure time upon impact®. Thus,
labor supply declines, causing output to drop. Second, a positive foreign aid shock raises
representative agent human capital investment. Thus, the agent devotes more time to human capital
skills acquisitions®*. Hence, labor productivity increases, thereby raising output in the future. Third,
as a result of consumption smoothing behavior of the representative agent, the saving rate increases,

thus physical capital investment and physical capital stock increase.

The findings in this chapter suggest that, over the short run, foreign aid has a positive effect on
consumption, physical capital investment, private human capital investment, and time devoted to
acquire new skills. On the other hand, foreign aid has a negative impact on output (consistent with
the long-run negative impact of aid on total output for Kenya - Chapter 3) and labor working hours.
These findings are affected by the degree of persistence in the level of aid shock. Study hours are
more sensitive to the persistence level of aid shock than working hours. With a high persistence
shock (p/ = 0.90), the representative agent devotes less time to study (below the trend), whereas
with a low persistence shock the representative agent devotes more time to study. The same pattern
occurs for private human capital investment. When aid persistence (p/)equals to 0.95, the

representative agent decreases his investment in human capital.

81 Some theoretical models study the impact of remittances on human capital accumulation such as Batu
(2015), others study the impact of aid on human capital accumulation such as Mongardini and Samake (2009)
and Farah et al. (2009). The similarities and differences with these papers are discussed later.

82 Definition of short-run, long-run, temporary vs permanent aid shocks, and permanent increase in aid level
are defined later.

8 This is consistent with Annen and Kosempel (2012), Annen et al. (2016).

8 Consistent with Batu (2015), however his model is considering workers remittances instead of foreign aid
and his country of consideration is the Philippine.
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The behavior of the representative agent for a high persistence shock is similar to his behavior when
there is a permanent increase in aid levels. A permanent increase in the level of foreign aid dis-
incentivises the representative agent to acquire new skills. It increases agent consumption, while
investment in physical and human capital are not affected. As a consequence, both study hours and

working hours drop, leading to a permanent decline in labor productivity and thus output.

Another result that emerges from the benchmark model is that aid shock is dominated by other
shocks. However, as aid-to-GDP ratio increases foreign aid becomes more influential in explaining
the fluctuations in consumption, physical capital investment, private human capital investment,
physical and human capital, study hours, and working hours. Finally, decreasing (increasing) the
volatility of foreign aid would increase (decrease) output, physical capital investment, private
human capital investment, study, and working hours. For instance, delivering foreign aid in a stable
manner is equivalent to an increase in the level of foreign aid by 4.5%. Foreign aid to SSA countries
is highly volatile and its relative volatility with respect to GDP ranges between 1.6 and 12.5,
averaging 6 for the 22 countries presented in Chapter 3. Delivering aid in a predictable way would

have a positive implication on welfare as well as on human capital accumulation.

The rest of the chapter is organized as follows: Section 4.2 provides a brief literature review.
Section 4.3 introduces data sources used to calibrate the model. Section 4.4 outlines the model. The
calibrated model and results are presented in Section 4.5. Section 4.6 describes the simulation

results of the model. Sensitivity analyses are shown in Section 4.7. Finally, Section 4.8 concludes.

4.2- Literature Review

There exist a number of theoretical models that examine the impact of aid flows and remittances
using calibration and simulation techniques. Further, the literature contains articles that study
business cycle characteristics associated with foreign aid, in addition to studies that analyze the

cyclical behavior of school enroliment and human capital accumulation.
4.2.1- Schooling and Business Cycle

Dejong and Ingram (2001) develop an RBC model for the USA based on skill acquisition and show
that during a positive productivity shock, agents try to increase working hours at the expense of
study hours. Thus, the agent accumulates less human capital due to the fact that the opportunity
cost of study goes up. Wei (2005) uses a DSGE model and examines asset pricing and business

cycle implications in the USA. He finds that during an economic recession, the agent spends more
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time to acquire education and to build her human capital stock. Dejong and Ingram (2001) and Wei
(2005) findings are consistent with empirical evidence that people spend more time in schooling

during recessions.

Betts and McFarland (1995) examine the business cycle implications on the U.S. college
enrollments from the late 60s to mid-80s. They find that community college enrollment is counter-
cyclical, where a 1% increase in unemployment rates of new high school graduates and other adults
raises college enrollment by 0.5% and 4%, respectively. Dellas and Sakellaris (2003) and Dellas
and Koubi (2003) find evidence that school enrollment in the U.S. is counter-cyclical, where human
capital investment and other economic activities are substitutes. The decision to enroll in post-
secondary activities is affected by labor market conditions that are characterized by unemployment
rates and earnings. On the other hand, Kane (1994) find no impact of the business cycle on school

enrollments decision.

Sakellaris and Spilimbergo (2000) study the effect of the business cycle fluctuations on investment
in higher education in OECD and non-OECD countries. They find that enrollments in OECD
countries are counter-cyclical and pro-cyclical in non-OECD countries®. They explain that for
OECD countries, the opportunity cost plays a dominant role in enroliment decisions; whereas, “the
ability to pay and credit constraints seem more prevalent at non-OECD countries” (Sakellaris and
Spilimbergo, 2000).

4.2.2- Cyclicality of Foreign Aid

Pallage and Robe (2001) analyze the business cycle characteristics of foreign aid to developing
countries. They find that two-thirds of the African countries and half of other developing countries
experience a high positive correlation between aid flows and domestic output, 30% of recipients’
countries experience a-cyclical behavior, and 10% of countries have counter-cyclical behavior.
They also show that aid flow is a major source of African countries income and is highly volatile.
The volatility of foreign aid may contribute to economic instability; however, Chauvet and
Guillaument (2001; 2003) show that aid can absorb the negative effects of external shocks on
growth and is more effective in countries that are more vulnerable to external shocks. Chauvet and
Guillaument (2009) find that aid flows make growth more stable, whereas its volatility reduces this

effect.

85 Non-OECD students enrolled in USA universities.
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4.2.3- Effects of Foreign Aid

Annen and Kosempel (2012) use a one-sector DSGE-RBC model with one form of capital, physical
capital, to examine the effects of a temporary change and a permanent change of untied aid on
economic growth. They find that only a temporary change in aid flow produces a positive impact
on growth and physical capital investment. A permanent increase in foreign aid yields a negative
association between aid flows and economic growth. They also find that the aid shock is dominated
by the productivity shock and this explains the small response of output to foreign aid shock. Annen
et al. (2016) provide another DSGE-RBC model to evaluate the impact of wealth transfer such as
foreign aid and workers’ remittances on output, when the transfer is temporary or permanent. They
find that a permanent increase in foreign aid has a negative impact on output, due to the induced
income effect. In contrast, there is a lagged positive response on output following a positive

temporary aid shock.

Mongardini and Samake (2009) use a human-capital augmented Solow production function model
focusing on physical and human capital investments® in a one-sector model to examine the
macroeconomic implications of increasing aid to Benin. Their model is based on the supply side,
which is determined by the production function, and the demand side, which is determined by the
private consumption, government revenues, investment, and net exports. They find that if half of
the additional aid flows are allocated to education and health, then human capital investment ratio
to GDP will rise from 2.2% in 2008 to 4.7% in 2015. This suggests that more skilled and healthier
workers enter the labor force, leading to higher potential growth for Benin after 2015. They also
demonstrate that additional resources to infrastructure would increase physical capital stock by
27.5% beyond 2015. Farah et al. (2009) investigate the impact of aid on growth, physical and
human capital accumulation in Niger. They find that if foreign aid as a share of GDP increases to
10%; Niger’s income per capita would be 12.5% higher by 2020. They also find that foreign aid
has a positive impact on physical and human capital accumulation, but the impact on human capital

lasts more.

Arndt et al. (2015) find that the aid-to-GDP level has a positive impact on the average years of
schooling, in particular, secondary education for 72 developing countries. Michaelova (2004)
examines the role of aid in education in 76 recipient countries. Her estimates suggest that if aid for

education increases by $25 million in absolute terms or 0.15% relative to the average recipient

8 Physical and human capital law of motion are symmetric.
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country’s GDP, the gross primary enrollment increases by 1%. Michaelowa and Weber (2007) find
that if aid to education increases by 1% of the recipient country’s GDP, the completion rate in
primary education would increase by 2.5%. In a recent study, Birchler and Michaelowa (2016) find
that aid has a positive contribution to enhancing primary enrollment; aid has been found to be more
relevant in increasing enrollment more than in increasing achievements. Dreher et al. (2008)
investigate the impact of aid on primary enrollment for 96 developing countries over the 1972—
2004 period. They find that if aid to education increases by 1% of GDP, the primary enrollment
increases between 2.5% and 5%. No evidence has been found that the government expenditure on

education increases primary enrollment nor does democracy.

4.2.4- Effects of Remittances

Batu (2015) extends Dejong and Ingram’s (2001) model, by including education expenditure and
investigates the effects of worker remittances on human capital accumulation in the Philippines.
He finds that remittances lead to an increase in education spending and study time; an initial decline
in labor supply and an increase in consumption. The increase in study time and education spending

raises human capital stock and labor productivity.

4.2.5- Foreign Aid and Welfare

Gomanee et al. (2005) show that foreign aid improves welfare indicators, especially in low-income
countries. Aid seems to increase recipient countries welfare either directly or indirectly through its
effect on economic growth. On the contrary, aid’s variability has a negative implication on welfare.
Arellano et al. (2009) find that the volatility of aid brings significant welfare losses and is reflected
in both consumption and private investment volatilities. They recommend that if aid can be
delivered in a predictable way the donors could reduce their aid flows by 8% keeping the same
level of well-being for aid recipient countries’ citizens. In addition, they suggest that delivering aid
to insure households against productivity shocks effects on consumption could benefit the lvorian

welfare by 3.3% of consumption and 0.6% of consumption on the sample average country.

4.2.6- Similarities and Differences between the Present Model and Previous Models

The current chapter develops a one-sector DSGE-RBC model that has physical and human capital
and a labor-leisure-education choice. The model is used to examine business cycle effects of four

different exogenous shocks. The model differs from the existing literature in several ways:
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First, the present model extends Dejong and Ingram (2001) and Wei (2005) models, by adding an
exogenous foreign aid flow, public and private human capital investment, and government
expenditures. The model is calibrated to match the stylized business cycle facts for a developing
country, Kenya, instead of a developed country. In addition, my model differs from Batu (2015),
by including foreign aid instead of remittances and by incorporating the role of government in

human capital investment and other government expenditures.

Second, although Annen and Kosempel (2012) and Annen et al. (2016) focus on the impact of aid
on GDP growth, they do not investigate the role of aid on private human capital investment and

time devoted to acquire new skills.

Third, the main departure from Mongardini and Samake (2009) and Farah et al. (2009) is the
inclusion of labor-leisure-education choice. Moreover, my model is based on the optimization
behavior of the representative agent which is not a feature of Mongardini and Samake (2009) and
Farah et al. (2009) models.

4.3- Data Sources

Kenyan output is measured by real GDP, consumption by households’ expenditures, government
expenditures by general government consumption, public education by government’s expenditures
on education, private human capital investment by households’ expenditures on schooling®,
investment by gross capital formation, and aid by net official development aid. All the data cover
a period from 1970 till 2014. All the data® are in real terms and are sourced from the World Bank
Indicators database®, except for aid data which are obtained from the Organisation for Economic

Co-operation and Development (OECD) database. The variables are defined in Appendix B.7.

4.4- DSGE-RBC Model

The model is a one-sector DSGE model of a small representative-agent economy that produces a
homogenous good which can be either consumed or invested. There are two forms of capital:

physical capital and human capital. Human capital involves activities of formal education (in terms

87 Appendix B.6 shows the method used to evaluate the private human capital investment.
8 Yearly data.
8 Downloaded on 15/09/2017.
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of time) along with investment (private and public in terms of goods) to produce human capital
stock that increases labor productivity. This economy has no access to international capital markets,
but it receives aid in a form of an untied transfer of wealth (in terms of goods) every period. The
representative agent lives infinitely and has preference over real consumption and leisure, denoted
by C; and L, respectively at time t. His objective is to maximize his expected lifetime inter-

temporally additive utility function:

U=Eo X720 B¢ [log(Cr) + ylog(L,)] (4.1)
The parameter y > 0 is the weight of leisure in the utility function and g is the discount factor.
The representative agent is endowed with one unit of time every period:

Le+N,+S, =1 (4.2)

where N; is the fraction of time spent in the production of goods, S; is the fraction spent in acquiring

skills (i.e. study time), and L, is the leisure time.
The production technology of the real good of the economy is represented by:
Y, = Acexp(z; )KE& (N H)' ¢ 4.3)

where Y; denotes the production of the real goods (i.e. GDP); A, is the productivity shifter; exp(z; )
is the output productivity shock (or the total factor productivity (TFP) shock); K; is the physical
capital stock accumulated at the beginning of period t; H; is the human capital stock accumulated
at the beginning of period t; N.H.% represents the “effective labor input” used in the production of

goods; a € (0, 1) represents the elasticity of output with respect to the stock of physical capital.

The representative agent owns the representative firm which operates in a competitive market. The
firm chooses physical capital and effective labor to maximize profits; it produces output following
the Cobb-Douglas production function with a constant return to scale technology taking prices as
given. Factor markets are competitive and in equilibrium they earn their marginal productivity.

Marginal productivities are calculated as follows:

K

¢ = oA, exp(z; )(Nt;t)a_l (4.4)

% The labor force is normalized to 1.
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K

wi = (1 - A, exp(ze) G

)* (4.5)

Human capital is reproducible with a constant return to scale in terms of time spent in acquiring

skills (S,), private human capital investment (I*), and public human capital investment (Ifh). The

human capital law®! of motion is given by:
Hepy = ARSOIR* I [IMY1=01-024 (1.5,) H 46
t+1 eS¢ I " (exp(zy DI ) (1-6x) H¢ (4.6)

Here, exp(th) is the public human capital productivity shock; 6, and 6, € (0, 1) represent the
elasticity of the production of human capital with respect to schooling time and private human
capital investment, respectively; &, is the human capital depreciation rate; A% is the human capital

productivity shifter.

Human capital accumulation in the second period depends on the current private and public human
capital investment, in addition to the time devoted to acquire new skills. I assume here that there is
no learning-by-doing, and the representative agent acquires human capital through formal
education, private human capital investment, and public human capital investment. Education does
not have any direct impact on the representative agent utility; however, the representative agent

invests in education to increase his human capital stock and earns a higher income in the future.

The representative agent receives rent on physical capital he leases to the firm, wage for his labor
services to the firm, invests his saving in physical and human capital, consumes goods, pays lump-
sum taxes to the government, and receives profits from the firm. The household budget constraint

is given by:
Co +IF+IM+ T, =71fK, + WEN, H, + D, (4.7)

where C, is the consumption of real goods; I and I} are household’s investment in physical and
human capital, respectively in period t; T, is a lump-sum tax paid to the government to finance its

expenditures including investment in public human capital; K; and H; are the economy’s physical

91 Other forms of human capital law of motion could be considered; for instance, H,,, = I + (1-5,) H,, but
this law of motion could not capture schooling time. The Lucas-Uzawa human capital law of motion is:
H..y =(1— N)H, + (1 —6,)H,. Here H,,is linear in H, which is a driving force for endogenous

growth  (Einarsson and  Marquis, 1998). Adding another shockexp(z!) to  (4.6)
exp(z) ST (exp(29™) 1919102 would not change the result. The impact of both shocks would be

similar.
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and human capital stocks, respectively in period t; r* is the gross rental rate of physical capital in
units of goods delivered in period t; w} is the price per unit of effective labor in period t expressed
in units of goods delivered in period t (i.e. real wage); D, is the dividend distributed by the firm to

the household each period®.

Physical capital accumulation follows the following law of motion:

Kepr =If +(1-8) K, -2 - 1%k, (4.8)

Kt

In (4.8), an adjustment cost associated with the capital holdings is added to the physical capital law
of motion and is weighted by ¢ to avoid high volatility in physical capital investment generated by

the model; and &, € (0, 1) is the depreciation rates of physical capital.

The government levies lump-sum taxes, T; , to finance its expenditures and receives foreign aid®.

Hence, the government budget constraint is:
T+ F,=19" + G, (4.9)

F, = Fexp(z{ ) is a stochastic exogenous aid inflow given each period. The government total

expenditure could be split into public human capital investment, Itgh, and general government

expenditure, G;. Both public human capital investment and general government expenditure are

assumed to be exogenous and stochastic, where 19" = 19"exp(z?") and G, = G exp(z?).

The exogenous shocks of this representative agent economy follow a vector autoregressive

[VAR(1)] process with AR coefficients that are restricted to be diagonal and given by:

Zg p? 0 0 0 [Zt’;l] 1 0 0 0 [Eg]
Zt _ 0 pg 0 0 IZt—ll 01 0 O gt 4.10
[Ztth_l 0y OJIZf’—hq+ 00 1 0ff" (4.10)
th 0 0 0 of |-th—1 0 0 01 Etf

92 Since the firm operates in a competitive market and uses a constant return to scale technology, the profit
generated and the dividend distributed to the household are zero in equilibrium.
9 Lump-sum taxes would be adjusted as a result of foreign aid injections.
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where |p¥|<1 are the autocorrelation coefficients and &f ~ nid(0,62?) with i =z, g, gh, f are the
innovations sequences of identically distributed normal random variables with mean zero and

variances o2

The variance-covariance matrix of the exogenous shocks is presented as follows:

[ oZ? 0 0 p¥ozal ]
0 ad? 0 p9eis!
0 0 a0

Lo ool p¥alal ol?]

where p#fand p9/ are the correlations between aid and the TFP shocks and between aid and the
government expenditure shocks, respectively®. The zero off-diagonal shows that shocks are not

contemporaneously correlated.

The decisions taken in this economy follow a time sequence. At the beginning of period t, the values
of the stochastic shocks are realized. The representative agent chooses consumption and makes
investment decisions (in terms of time and goods). The representative firm chooses how much

physical and effective labor to hire.

With no externalities and no distortionary taxes, the competitive equilibrium is Pareto optimal. For
the representative agent, the Pareto-optimality means that utility maximizations and the
representative agent’s problem can be represented by the social planner’s problem. The first and
second welfare theorems state that the solution to a competitive equilibrium yields the same
allocation of consumption, time devoted to work and study, and physical and human capital
investment. Those allocations are chosen to maximize the representative agent utility subject to

resource constraints and technology restrictions.

The social planner® maximizes the following expected utility of the representative agent:

% p#fis added to match the pro-cyclicality between output and aid in the data. p9/is added to match the
negative correlation between the government expenditure and aid in the data. | have not included a correlation
between foreign aid and public human capital shocks in the model since in Kenyan data the correlation
between foreign aid and public human capital is very low (0.16), which is not different from zero as in Pallage
and Robe (2000).

% Appendices B.1-B.4 describe in details the representative agent’s optimization problem, firm’s
optimization problem, social planner problem and the steady state.
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MAX (¢ 1 N, 5y 11 Kesr s Henn 1EO 220 Btlog(Cy) + ylog(Ly)] s.t. (4.11)
Ce+ IE +1P + 17"+ Ge= Ay exp(z, )KE (N H)' ™ + F

Kepr =1F +(-8) K, -S(*E2 - 1)%K,

Kt

ARSI IR (exp(z9M)ITM) 101702 + (1-6,) H,

o
o~
+
Ju

1

4.4.1- Competitive Equilibrium

Definition A competitive equilibrium for this representative-agent economy is a set of prices
(wh, rf32, and allocations {C;, Ly, Ny, S, I}, Ky 1, Heyq}320 Such that the following conditions
hold:

(M The representative agent maximizes utility subject to his budget constraint taking
prices as given.

(i) The representative firm maximizes profits subject to output technology taking input
prices as given.

(iii)  The market-clearing conditions and the government budget constraint hold:
Le+ N +S; =1

Ce +Kpin -(1-61) Ke + § (CE2 = 2K+ TP + 19"+ Go= Ay explze JKE (NeH) ™+ Fy
t
61 1n® Ry ;gha1-6, —
Hepr = ARSI (exp(zf™)IE™) 0170 + (1-6,) H,
T, + F,=19" + G,

4.4.2- Equilibrium Dynamics

The optimality conditions of the social planner’s maximization problem show the following

equilibrium conditions:

vCe Ke \*
o= - 0dcep(z) () He (4.12)

vCe  _ 0.1f

1-N-S; 0,5 (4.13)
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L+ 0 1)) = B LA 06p(zean) () (16 + 0 - 1Rz etz )y
t t t+1

Nt4+1 Heqn Key1 2 "Kpt+l
(4.14)
Y [
1-N¢— St _ Ne+1 1-9p
heb1— 1h2 ghy1-6,-0 ﬁt{l Ntl—StlHtlJ_ 01-1,p 1-6,-6
0, A¢S; (eXP(Z )It )Tz + + + 91At+15t+1 It+1 (eXp(Zc+1)1t+1) 1772
(4.15)

Equation (4.12) is the first intra-temporal Euler equation for leisure and consumption. It sets the
marginal rate of substitution between consumption and leisure (LHS) equals to the marginal
productivity of labor (RHS). Equation (4.13) is the second intra-temporal Euler equation that shows
the relationship between consumption, private human capital investment, leisure time, and time
devoted to acquire human capital. It sets the marginal rate of substitution between consumption and
leisure (LHS) equals to the marginal rate of substitution between private human investment and

time allocated to study; this relationship holds every period.

Equation (4.14) corresponds to the inter-temporal Euler equation for consumption that equates the
marginal social cost (LHS) of giving up one unit of current consumption with the marginal social
benefit (RHS) of allocating extra savings into physical capital; i.e. Euler equation for physical
capital. It states that the loss of utility from foregone present consumption equates the expected
benefit from increasing future consumption. Equation (4.15) corresponds to Euler equation for
human capital that equates the current marginal social cost (LHS) for an extra unit of time spent on
acquiring human capital with the marginal social benefit of the human capital in the future. In other
words, the marginal social cost of human capital is equated with the discounted expected marginal

social benefit of future human capital.

Euler equation equates the marginal utility of consumption to the marginal utility of saving and has
an economic interpretation: along the optimal path the marginal utility from consumption at any
point in time is equal to its opportunity cost. Thus, the representative agent cannot gain from
redistributing consumption between periods. Hence, consumption and leisure smoothing are

accomplished by adjustments in physical and human capital stocks.

The above model cannot be solved analytically, a Dynare program in Matlab is used to solve it.
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4.5- DSGE-RBC Calibration and Results
4.5.1- Parameters

The data used to calibrate the model are yearly data and one-sided HP filter® is used to remove the
cyclical component of the time series data. Regular HP filter (or two-sided) is not recommended,
since it uses the full sample that leads to end-point sensitivity. However, one-sided HP filter (i.e.
backward looking) only uses data available at a given point of time. On the other hand, Hamilton
(2017) argues that HP filter is characterized by spurious dynamic as the filtered values in the middle
of the sample are different from those at the end of it. He proposes an alternative filter called

Hamilton filter®’.

The parameters used to calibrate the benchmark model are summarized in Table 4.1. The
parameters are classified into three categories: parameters that are taken from other studies,
parameters that are estimated directly from the data, and the rest are calibrated to mimic the Kenyan

economy as observed in the 1970-2014 period.

The parameters which are taken from the literature and remain fixed are as follows: The value of a
which corresponds to the elasticity of physical capital with respect to output is set to 0.36 (Prescott
1986). The autocorrelation coefficients of the total factor productivity, public human capital, and
government expenditure shocks are set to 0.81 (equivalent to 0.95% quarterly Kydland and Prescott
(1982)). The discount factor (5) is set to 0.95 (Arellano et. al (2009)). The cost of adjustment (¢) is
set to 2%, The productivity shock of output (A) and the human capital sector shock (4™") are
normalized to 1. Physical and human capital depreciation rates are set to 5% (Arellano et. al (2009)
and 3% (Jorgenson and Fraumeni (1989)), respectively which are also standards in the literature.
The autocorrelation of foreign aid shock and its standard deviation are estimated directly from the

Kenyan data.

The rest of the parameters are calibrated to match the long-run average ratios of the Kenyan

economy. These parameters are: 1) the share parameter of schooling time in the human capital

% ) = 100 (for yearly data).

7 Appendix B.8 compares the three filters’ business cycle stylized facts and highlights their major
similarities and differences.

% | have followed Kydland and Prescott (1982) and set the autocorrelation coefficients for public human
capital investment and government expenditure equal to the autocorrelation coefficient for the TFP shock.
% The cost of adjustment in literature ranges between 0.005 and 5. Garcia-Cicco et.al (2010) 95%
confidence interval < 4.9 with median 3.3.
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production function (6, = 0.7); 2) the share parameter of the private human capital investment in
the human capital production function (6, = 0.10); 3) weight of leisure (y = 1.6); 4) correlation
coefficient between aid and the TFP shocks (p?f = 0.50); 5) correlation coefficient between aid
and the government expenditure shocks (p9/ = —0.30); 6) public human capital parameter (G =
0.0995); 7) government expenditure parameter (Gv = 0.21); 8) foreign aid parameter (F = 0.1085);
9) standard deviation of the TFP shock!® (a% = 0.0282); 10) standard deviation of the public
human capital shock (69" = 0.1067); and 11) standard deviation of the government expenditure
shock (69 = 0.0827).

The Kenyan economy long-run average ratios that the model matches (the targeted moments) in
the calibration process are: 1) private human capital investment-to-consumption ratio of 3.4%; 2)
working time of 33.33%%; 3) physical capital investment volatility of 10.25%; 4) pro-cyclicality
between aid and output; 5) negative correlation between aid and the government expenditure; 6)
public human capital investment-to-GDP ratio of 5.36%; 7) government expenditure-to-GDP ratio
of 11.3%; 8) aid-to-GDP ratio of 5.85%; 9) standard deviation of GDP of 2.88%; 10) standard
deviation of public human capital investment of 9%; and 11) standard deviation of government

expenditure of 6.86%.
4.5.1- Calibration Results

The calibration results are represented in this sub-section. Table 4.2 below presents the stylized
facts of the benchmark model which is calibrated to match the Kenyan data. Table 4.2A shows the
variables’ mean levels that the model is calibrated to match (discussed in the previous section) and
Table 4.2B shows other means produced by the benchmark model. Tables 4.2C-4.2F present the
standard deviations of some selected stationary variables'®? and the correlations with output, aid,
public human capital, and government expenditure, respectively. The benchmark model is able to
mimic successfully the eleven target moments with the calibration process. Furthermore, the

benchmark model has an overall good fit with regard to other means.

The benchmark model underestimates the volatility of consumption?®® (see Table 4.2B). In the

DSGE model, consumption is smoothed across periods where the theory suggests that consumption

100 The strategy followed here is to calibrate the volatility of productivity shock so that the model can mimic
the actual GDP’s volatility.

101 No data available for Kenyan working hours, | have calibrated the working hours to match one-third of
the total time.

102 Stationarity of the variables are explained in Appendix B.5.

103 The volatility of consumption could reach GDP’s by calibrating ¢ = 4.5 and o2 =0.0320; but the volatility
of physical investment drops to 8.64%; however, this will have adverse effects on other variables. impulse
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does not vary significantly even if output fluctuates across periods. The Kenyan data show that the
volatility of consumption is higher than that of output, suggesting that consumption is not smoothed
over different periods. In addition, the Kenyan data available on consumption contain durable and
non-durable goods and it is impossible to disaggregate them. Backus et al. (1995) find that the
volatility of consumption declines when the durable goods data are excluded from the consumption
data in some developed countries. Ozbilgin (2004) finds that the relative consumption volatility
drops from 1.14 to 0.67, when the consumption of durable goods are excluded in Turkish data.
Kenyan data show that Kenyan’s relative consumption volatility is 1.7, while it is 0.8 in the
benchmark model. Naoussi and Tripier (2013) and Melina et al. (2016) estimate the volatilities of
consumption for SSA countries and find that the relative consumption volatility is 1.76 and 1.5,

respectively.

The literature suggests two approaches to generate greater consumption’s volatility. First, Aguiar
and Gopinath (2007) introduce a trend shock. They show that including a trend shock generates
higher volatility of consumption for Mexico. The other approach is discussed by Garcia-Cicco et
al. (2010). They find that financial friction, preference shocks, and country-premium shocks
generate higher consumption’s volatility rather than introducing a trend shock. Including a trend

shock or a financial friction shock% is left for further research.

The volatility of foreign aid is 6.9 times the volatility of GDP in the benchmark model compared
to 7 in the data; the benchmark model has a good fit in generating the volatility of aid even though
foreign aid’s standard deviation was estimated from the data rather than been calibrated. Public
human capital investment volatility is 3.13 times of output’s volatility and government
expenditure’s volatility is 2.38 of output’s volatility; this is also consistent with Melinal® et al.
(2016) which is found to be 2.62 for SSA countries. The volatility of physical capital investment is
4 times of GDP’s!%, Naoussi and Tripier (2013) find that the relative physical capital investment
volatility in SSA countries is 4.13; it is higher than in developed and emerging economies which is
found to be 3.12 and 3.43, respectively. Moreover, there is no time series data available for Kenyan
working time and private human capital investment to make the proper comparison between the

Kenyan data moments and the moments generated by the calibrated RBC model. In Appendix B.6,

function. The high consumption volatility in data is consistent with Melina et al. (2016) where consumption
volatility is 1.5 times of outputs in SSA.

104 To match consumption’s volatility.

105 In their paper, there is no mention if the HP filter is one or two sided.

106 This is also consistent with the high volatility in SSA countries that Melina et al. (2016) find (4.4 times
of GDP’s).
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I have calculated the mean level of how much the Kenyan household is spending from his monthly

income on education based on a survey conducted by the University of Nairobi in 2009.

In terms of correlations with GDP, the benchmark model matches the pro-cyclicality of
consumption, physical capital investment'%’, and foreign aid. In addition, it matches the positive
correlation between aid and consumption and the negative correlation between aid and government
expenditure. However, the benchmark model does not match the correlation sign between foreign
aid and physical capital investment. The model does not match the correlation signs between
government expenditures and other macro variables since government shock is assumed to be
exogenous. The correlation between public human capital investment and foreign aid in Kenyan
data is estimated at 0.16 which is very low, while it is zero in the DSGE-RBC model because both
the public human capital investment and foreign aid shocks are assumed to be exogenous. Most of
those correlations lie between (-0.29 and +0.29) which can be judged to be non-different from zero,
as proposed by Pallage and Robe (2001). Government expenditure in data is a-cyclical; this is not
consistent with Melina et al. (2016) which is found to be pro-cyclical. However, the benchmark

model generates a positive correlation (although small) between GDP and government expenditure.

4.6- Simulation Results

The behavior of the economy in the periods following the shock!® can be analyzed by studying the
behavior of the impulse response functions®. Figures 4.4-4.5 demonstrate the effects of a one-
standard-deviation increase of the desired shock on output, consumption, investments in private
human and physical capital, time devoted to study and work, prices, and the marginal productivity

of study hours.
4.6.1- Short Term Impact from Temporary Changes in Shocks
4.6.1.1- Foreign Aid Shock

Figure 4.1 illustrates the impulse response functions following a positive one-standard-deviation
shock to foreign aid. Foreign aid is designed to enter the model as an untied wealth transfer and

any change in foreign aid level would have an impact on the selected stationary variables.

197 This is also consistent with SSA countries, HIC, UMIC and LLMIC in Melina (2016).
198 TFP and government expenditure shocks impulse response functions are presented in Appendix B.9.
109 We refer here to the first period after the shock as a short term impact.
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The effects of a foreign aid shock are as follows. First, the positive income effect of foreign aid
raises the consumption of leisure time, leading to an immediate reduction in labor working hours.
Both consumption and private human capital investment increase on impact and decline gradually
afterward. Second, as a result of the representative agent’s consumption smoothing behavior,
investment in physical capital increases on impact and declines gradually afterward. Third, higher
private human capital investment increases the time spent on education, leading to an increase in

labor productivity.

Fourth, the effect of an aid shock can be felt on both human and physical capital accumulations.
The reaction of physical and human capital stocks is small on impact, but increases in subsequent
periods. Both types of capital impulse responses show a humped shape, peaking in the 6™ period
and then decline gradually and stay above their trends for a long period of time. Fifth, GDP declines
immediately as a result of reduced working hours; however, over time, output rises above its trend
due to the increase in labor productivity and physical and human capital stocks. Sixth, an aid shock
affects the prices, where the real interest rate declines on impact and stays below its trend for a long
period of time. The real wage increases on impact and stays above trend for a long period of time.
Finally, the marginal productivity of study time declines on impact, but increases gradually, reaches

the peak above the trend after 11 periods, and stays above trend afterward.

In my empirical study presented in Chapter 3, I have found that aid shocks have a negative long-
run impact on GDP in eight sub-Saharan African countries and a positive long-run impact on GDP
in only three SSA countries. For Kenya, aid shocks have a negative and persistent impact on GDP
in the long-run, a result which coincides with the present DSGE-RBC impulse response of GDP

due to a positive aid shock in the short-run.
4.6.1.2- Public Human Capital Shock

Here, | consider the impulse response functions of some selected stationary variables to a positive
one-standard-deviation public human capital shock. A positive public human capital shock
corresponds to a decline in the opportunity cost of acquiring education and to an increase in leisure
opportunity cost. Figure 4.2 depicts the impulse responses to a positive one-standard-deviation
public human capital shock. A positive public human capital shock could be explained by increases
in government-sponsored training programs or any policy changes that increase educational budget.
The shock to the public human capital decreases the cost of accumulating human capital relative to
physical capital. Thus, the agent devotes more time into education activities at the expense of

leisure and labor hours. Consequently, the agent increases his investment in human capital.
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Consumption and physical capital investment decrease on impact and increase in subsequent
periods and stay below the steady stay for four years after the realization of the shock. Then, both
consumption and physical capital investment increase and stay above their trends for a long period
of time.

The rise in studying hours along with the increase in private human capital investment would
increase human capital stock which takes a humped shape. The peak response occurs in the 8
period after the realization of the shock, declines monotonically afterward, and stays above its trend
for a long period of time. On the other hand, the public human capital shock has a negative impact
on physical capital accumulation due to the initial decline in physical capital investment. The
physical capital stock stays below its trend for nine years before rising above trend in the subsequent

years and stays for a long period of time.

GDP declines on impact due to a decline in labor working hours. However, over time, the positive
effects of the increase in human and physical capital lead output to rise above trend after the 2™
period and stays there for a long period of time. Moreover, public human capital sector shock results
in an initial decline in the real interest rate (due to an initial decline in physical capital investment),
which rises above the steady state in the second period. The shock to public human capital results
in an immediate rise in the real wages, which declines below its trend in the second period following
the shock. The marginal productivity of study hours increases on impact, declines monotonically,

and stays above its long-run trend for a long period of time.

4.7- Sensitivity Analyses

One of the features of the calibration and simulation approaches is to measure the impact of foreign
aid on the economy by distinguishing between a permanent change (increase in the mean level of
aid) in aid levels and a temporary change in aid (change in the level of the persistent shock of aid).
In the former case, | keep all the parameters fixed and change the mean level of aid; in the latter

case, | only change the persistence level of the aid shock.
4.7.1- Permanent Changes in Foreign Aid Levels

Table 4.3 reports the impacts of a permanent increase in the aid-to-GDP ratio. The main idea is to
compare the benchmark model to different hypothetical scenarios, when the representative agent

economy receives a different amount of aid levels. In this part of the analysis, all the parameters
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stay fixed as in Table 4.1 except for the mean level of aid which changes to get an average aid-to-
GDP of 0, 12, 18, and 24%.

One of the findings of the calibrated model is that a permanent increase in aid levels keeps the
investment rates in physical and private human capital investment as a share of GDP the same. This
means that the permanent increase in aid is totally consumed rather than invested; this is consistent
with Annen et al. (2016) and Arellano et al. (2009). However, physical capital and private human
capital investment as a share of income (GDP + aid) decline. For instance, physical capital
investment-to-income and private human capital investment-to-income decline when aid-to-GDP

level increases.

On the other hand, consumption-to-GDP and consumption-to-income ratios increase when the aid
level increases. Government expenditure and public human capital investment as a share of GDP
and income increase, although both are treated as exogenous!'®. The reason for this increment in
both ratios is that when aid level increases it produces a positive income effect that raises leisure
consumption, thus working hours would fall, causing a decline in the production. As the aid level
increases both study hours and labor working hours decline. Further, when the aid-to-GDP level is
tripled to 18%, study and working hours decline by 7.4%. However, the study to work time ratio®*

stays the same at 25.4%.

Another result that emerges from a permanent increase in the aid level is the increment of the
volatility of the variables. For example, if aid is tripled to 18% of GDP, the volatilities of output,
consumption, physical capital investment, private human capital investment, study hours, and work

hours increase substantially.
4.7.1.1- Foreign Aid Shock at Different Aid Levels

Figure 4.3 illustrates the impulse responses of study hours, working hours, private human capital
investment, physical capital investment, output, consumption, and the marginal productivity of
study hours to a one-standard-deviation increase in foreign aid shock for different aid-to-GDP ratios
(3, 6, 12, and 18%) keeping aid shock autocorrelation coefficient fixed at 0.69. As aid increases,
aid shock has more impact on the above-mentioned impulse responses. For instance, when foreign
aid is doubled to 12% of GDP, the reaction of the above mentioned stationary variables are less

than doubled on impact. At 5.85% aid-to-GDP levels, study hours impulse function experiences its

110 Government expenditures and public human capital investment are exogenous and their mean levels are
fixed when aid mean level is increased.
111 See Appendix B.4 for steady state variables.
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maximum deviation of 0.0075% above trend; this happens in the first period following the shock.
Doubling the aid level, study hours impulse function experiences a maximum deviation of 0.012%
above trend. Lowering (raising) aid-to-GDP levels would reduce (raise) the response of study
hours. The same pattern occurs to the private human capital investment and physical capital
investment. However, the private human capital investment stays above trend, while study hours

and physical capital investment deviate below the trend after 8" and 12" years, respectively.

On the other hand, the reaction of labor working hours is negatively affected by the aid shock.
Increasing the aid level would decrease working hours; this can be felt in the output reaction as a
result from the drop in working hours. The higher the aid level, the lower is the magnitude of the
working hours and output responses. However, over time, as the positive effects of the increase in
human and physical capital investment that increase labor productivity; output starts to rise above
its trend in the 6™ year!*2, At a higher aid-to-GDP level, output experiences a larger initial decline
after the shock; however, output experiences a higher deviation above its trend in the subsequent

periods and stays for a long period of time due to higher labor productivity.

Consumption is less responsive among the variables and as aid level increases the consumption’s
impulse response increases and stays above its trend for a longer period of time. Finally, the
marginal productivity of study hours is also affected by the aid levels. For example, doubling aid-
to-GDP ratio, the response of the marginal productivity of study hours declines below the trend
(lower of that in the benchmark model), but it starts to increase and reaches its maximum above its

trend in the 11" year following the shock.
4.7.2- Foreign Aid Shock at Different Persistent Levels

Now, | focus on the effects of foreign aid on some of the selected stationary variables’ impulse
responses, when the persistence level of the aid shock ranges between 0 (i.e. a temporary shock for
one time only) up to 0.95'% (a very persistent shock). The impulse responses of the selected
stationary variables seem to be affected by the magnitude of the aid shock autocorrelation. The
impulse response functions of study hours, working hours, private human capital investment,
physical capital investment, output, consumption, and the marginal productivity of study hours to
a positive one-standard-deviation from the trend in the aid level are presented in Figure 4.4. As

expected, the magnitude of the responses depends on the persistence level of the aid shock (p/)

112 1n all aid-to-GDP levels.
113 For instance, if aid persistence level is 0.90, then if aid in period 1 is Imillion, next period it would be
0.9 million, 3" period it would be 0.81 million etc...
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level. For this part of sensitivity analysis, five cases are considered: when p/ = 0.00, p/ = 0.30,
p’ =0.69 (the benchmark model), p/ = 0.90, and p/ = 0.95.

As the persistence level changes, consumption is the less responsive compared to output,
investment in physical and human capital, study hours, working hours, and the marginal
productivity of study hours, which are more responsive. The income effect from the aid shock
causes leisure time to increase and working hours to fall for any level of p/. However, the study
time reaction seems to be sensitive to the choice of persistence level of aid shock. For instance,
when p/ < 0.90, foreign aid has a positive impact on study hours; however, when p/ > 0.90,
foreign aid starts to have a negative impact on study hours. At a high persistent aid shock, the
behavior of the representative agent is similar to his behavior in the case of permanent increase in
the aid level. Foreign aid would discourage the agent to put more effort to study and would
encourage him to rely on aid. With a less persistent shock, study time increases initially on impact
and then returns to steady state, but experiences a deviation below its trend in the 5, 6", and 7t"
year when p/ = 0.00, 0.30, and 0.69, respectively. When p/ > 0.90, the study hours response
function never experiences a positive deviation above its trend.

The reaction of the private human capital investment is also affected by the level of aid shock
persistence. For instance, when p/ = 0.95, aid shock would have a negative impact on private

human capital investment, in contrast to the benchmark model.

For the working hours, the magnitude of the initial drop due to the aid shock depends little on the
level of the persistence shock. However, the higher the aid shock persistence level, the longer the
working hours stays below its trend. The immediate drop in the working hours explains the initial
decline in output. The reaction of output in subsequent periods depends on the aid shock persistence
level. For example, when p/ = 0.00, output experiences its deviation above the trend in the 5™ year
following the shock. In the benchmark model, output reaches its positive deviation above trend in
the 7" period. Whereas, when p/ sets to 0.90, output stays below its trend for a long period of time
after the realization of aid shock and never experiences a deviation above its trend. Output increases
and stays above its trend is mainly resulted from the increase in private human capital investment
and time devoted to study that increase labor productivity. Whereas, with a very persistence shock,
output stays below its trend for a long period of time. This results from lowering the labor
productivity, where the agent devotes less time to acquire education and invests less in acquiring

human capital.
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The reaction of consumption initially increases and then declines gradually in the subsequent
periods. As the persistence level increases, consumption response increases. For instance,
increasing the persistence level in the benchmark model to 0.90, consumption response increases

(0.74% to 0.96% above the trend) and stays for a longer period of time above the trend.

Finally, the different responses of study hours and private human capital investments due to the
changes in the persistence level of aid shock affect the marginal productivity of study hours. When
the aid shock persistence level is small, the marginal productivity of study hours declines on impact.
However, with a very persistence shock, the marginal productivity of study hours increases on
impact and stays above trend for a long period of time. This may be due to the decline of study

hours and private human capital investment at a high persistence level.

4.7.3- Effects of Changing the Volatility of Aid: Mean-Preserving Spread

Now, consider comparing the benchmark model to hypothetical scenarios when the same
representative economy receives the same amount of aid but with different volatility of aid levels.
This exercise studies the impact of the aid shocks on the variables when the aid shock’s standard

deviation change.

The second column of Table 4.4 shows the mean levels of GDP, consumption, private human
capital investment, physical capital investment, study hours, and working hours of the benchmark
model. The 3", 5", and 7" columns show the mean levels of the correspondent variables, when the
volatility of aid (i.e. standard deviation) sets at 0, 10, and 40%. Lowering the volatility of foreign
aid to half, there would be a gain in GDP, physical capital investment, private human capital
investment, study hours, and working hours. However, consumption would be slightly negatively
affected. Lowering the volatility of foreign aid to 10%, is equivalent to lowering the aid level by
3.5%. On the other hand, doubling the volatility of aid to 40%, would have adverse effects on the
correspondent variables except for consumption; it is equivalent to increasing aid level by 13.15%.
Delivering aid in a stable manner (i.e. volatility of aid equals 0%) is equivalent to dropping aid

level by around 4.5%. In this case, all the variables and welfare would increase.

Table 4.7 below shows the volatility of foreign aid in the 22 SSA countries. The volatility of aid
ranges from 11.8% in Benin and Cape Verde to 42% in Sudan. However, the relative volatility of
foreign aid varies from 1.6 in Rwanda to around 12.5 in the Gambia, averaging around 6 for the
whole sample. The high volatility of foreign aid for the 22 SSA countries coincides with Pallage

and Robe (2001) where they find that aid is highly volatile in African countries and this might
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contribute to economic instability. Understanding that aid is highly volatile would draw a
conclusion about the policy implication of the theoretical model. Decreasing the volatility of
foreign aid would have a positive implication on human capital accumulation as well as welfare in
SSA countries. Donors are encouraged to provide aid in a stable and predictable manner to avoid

the loss in countries’ recipient welfare.
4.7.4- Forecast Error Variance Decomposition

The contribution of each shock on business cycle fluctuations is now examined. Forecast Error
Variance Decomposition (FEVD) separates the endogenous variables variations into the
component shocks. It describes the relative importance of each innovation in affecting the variables
over a particular forecast horizon. Table 4.5 reports the variance decompositions of the calibrated
DSGE model for aid-to-GDP level of 5.85% and 24%.

A number of interesting observations emerge from Table 4.5. First, for the benchmark model, the
TFP shock dominates other shocks in explaining output, consumption, physical capital investment
and physical capital stock fluctuations. Second, public human capital shock dominates other shocks
in explaining study and working hours fluctuations, in addition to private human capital investment
and human capital fluctuations. Third, foreign aid is dominated by the TFP and public human
capital sector shocks in explaining all the variables’ fluctuations. Finally, government expenditure
shock seems to have a negligible influence on the variables of interest fluctuations. However, at

higher aid-to-GDP ratio, foreign aid becomes more influential.

In addition to the variance decomposition, | analyze the implications of counterfactual cases (Table
4.6) in which the variances of the TFP, aid, public human capital, and government shocks are set
to zero, and compare these results to those in the benchmark model economy, keeping other

parameters fixed as in Table 4.1.

Business cycle statistics can still be generated by removing from the model all the sources of
volatilities but keeping one. In the absence of the aid, public human capital, and government shocks,
there are substantial variabilities in output, consumption, and physical capital investment associated
with the TFP shock. Physical capital investment, private human capital investment, consumption,
and employment are pro-cyclical. Study hours is counter-cyclical which is consistent with the

benchmark calibrated model.

Keeping the aid shock, while switching off other volatilities, shows how small the impact of foreign

aid is on the volatilities of output and consumption. With only a foreign aid shock, there is still
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some volatility for investment in both forms of capital, study and working hours, but output and
consumption volatilities are low. In fact, the volatility of aid shock (¢/) would need to be set to
1.03'4, which is 4.8 times that of the benchmark model in order to produce the benchmark model
output’s volatility of 2.88% in the absence of the TFP shock. The idea behind this is that foreign
aid creates a positive income effect, causing labor working hours to fall, leading to an initial drop
in output. As a consequence, foreign aid is strongly counter-cyclical (correlation with output is -
0.96), when other shocks are absent. However, to smooth consumption behavior, both private
human capital and physical capital investment should rise and hence study time increases. The rise
in investment in both forms of capital would have a positive effect on output in subsequent periods

due to higher labor productivity.

In a presence of only public human capital shock, there remains some amount of private human
capital investment, physical capital investment, and study hours volatilities; however, output,
consumption, and labor supply volatilities are quite low. Study hours and private human capital

investment are countercyclical; the rest of the variables are pro-cyclical.

Government expenditure shock alone does not contribute to any of the variables’ volatilities. All
the variables’ volatilities are quite low in the presence of government shock and the variables are

counter-cyclical with output except working hours.

Figure 4.5 below shows the impulse responses’ of the selected stationary variables for the
benchmark model to a one-standard-deviation of the TFP, aid, private and public human capital,

and government expenditure shocks.

For study hours and private human capital response functions, it seems that public human capital
shock dominates other shocks. The impact of public human capital shock is almost 15 times that of
foreign aid shock. For the aid shock to equate the impact of public human shock on study hours,
for example, the volatility of aid!*® should be increased to 60% and aid-to-GDP level should be
increased to 40%. For working hours, the TFP and government expenditure shocks act positively
on increasing labor working hours!®, in contrast to the aid and public human capital shocks. In
addition, aid and the TFP shocks stimulate physical capital investment and consumption, while
public human capital and government shocks have a negative effect on them. Output is increased

due to the TFP and government shocks, but there is an initial decrease in output due to the foreign

114 Aid’s volatility equals to 85%.
115 There are other combinations by increasing aid volatility and decrease aid-to-GDP ratio.
116 With similar magnitude.
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aid and public human capital shocks. However, over time, output starts to increase due to an
increase in labor productivity. Finally, the public human capital shock seems to have the biggest

impact on the marginal productivity of study hours compared to other shocks.
4.7.5- Correlated Shocks versus Uncorrelated Shocks

Two models!’ are presented (Tables 4.2A-4.2F): the benchmark model, where aid and the TFP
shocks and aid and the government expenditure shocks are correlated, and Model A, where shocks
are uncorrelated. The main idea of this part of analysis is to compare both models’ moments. For
the mean levels, there are no differences in the mean levels of the variables in both models.
However, the volatility of consumption, physical capital investment, and private human capital
investment are lower, when the shocks are not correlated compared to the benchmark model.
Concerning the correlation between the variables, there are only two distinctions. First, in the
benchmark model, foreign aid is pro-cyclical (correlation equals 0.32); in Model A, there is a
negative correlation between aid and GDP (-0.12). Second, the benchmark model exhibits a
negative correlation between aid and government expenditure reflecting that in Kenyan data; in

Model A, there is no correlation between aid and government expenditure, as per model design.

4.8- Conclusion

This chapter uses a dynamic stochastic general equilibrium model to evaluate the effectiveness of
foreign aid and its volatility on private human capital investment, study and working hours, in
addition to consumption, output, and physical capital investment. It also examines its business cycle
implications. In an attempt to understand the role of foreign aid on human capital accumulation, a
theoretical calibrated one-sector DSGE-RBC model is used to investigate the interaction between
foreign aid and economic activities. The calibrated model is able to replicate the major

macroeconomic key relationships observed in the Kenyan data.

The results suggest that, first of all, the effect of foreign aid injections depend on the magnitude of
the persistence level of aid shock. In the benchmark model, an aid shock has a positive impact on
private human capital investment, study hours, and human capital accumulation. However,
increasing aid shock persistence level (i.e. to 0.90 and 0.95), reduces representative agent’s
incentive to invest in acquiring human capital and decreases his time devoted to acquire new skills

(below the steady state), compared to the benchmark model. The representative agent adjusts his

17 The impulse response functions of both models are roughly the same.
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investment decision to acquire human capital in response to the shock of foreign aid to achieve his
utility maximization objectives. The more temporary the aid shock, the higher the agent’s incentive

to invest in human capital and time devoted to study and vice versa.

Second, output responds negatively to an aid shock regardless of the persistence level. Third, the
magnitude of the responses of the selected variables also depends on the aid-to-GDP level.
Increasing aid-to-GDP levels, the magnitude of the variables’ responses increases. Fourth, lowering
the volatility of foreign aid to half would have a positive implication on the variables: this would
be equivalent to lowering the aid level by 3.5%. From a policy point of view, donors should focus
on lowering the volatility of aid by making it more predictable. Fifth, the marginal productivity of
study hours seems to be negatively affected by aid shock in contrast to the TFP, public human

capital, and government expenditure shocks.

A final result suggests that as aid increases, it becomes an increasingly dominant influence on
macro economy. With more aid, the marginal propensity to consume is 100%, meaning that a
permanent higher level of aid is associated with a permanent higher level of consumption. At a
higher aid-to-GDP level, the representative agent enjoys more leisure time at the expense of

reducing working and studying times.

The present model does not incorporate the role of foreign aid and its effects on the tradable and
non-tradable goods prices. The one-sector DSGE-RBC model does not allow an analysis of the
phenomena known as “Dutch Disease”. In the following chapter, | extend the one-sector DSGE-
RBC model into a two-sector DSGE-RBC and examine the impact of foreign aid on the

composition of GDP, in a context of “Dutch Disease” mechanism.
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Table 4.1: Calibration for the benchmark model

Parameters Value Source
Physical capital share a 0.36 Prescott (1986)
Schooling time share in human capital production 0, 0.7 Calibrated
Private human capital share in human capital production 0, 0.1 Calibrated
Discount factor S 0.95 ABLL*
Weight of leisure y 1.6 Calibrated
Cost adjustment parameter ) 2.0 GPU**
Physical capital depreciation rate Ok 0.05 ABLL*
Human capital depreciation rate Sn 0.03 JFF**
Autocorrelation coefficient of output productivity p? 0.81 RBC Standard
Autocorrelation coefficient of public human capital pIh 0.81 RBC Standard
Autocorrelation coefficient of government expenditure p9 0.81 RBC Standard
Autocorrelation coefficient of foreign aid inflow p’ 0.69 Kenyan Data
Correlation between aid and TFP shocks p“ 0.50 Calibrated
Correlation between aid and government expenditure shocks p9f -0.3 Calibrated
Output technology A 1 Normalized
Human capital technology Al 1 Normalized
Public human capital parameter G 0.0995 Calibrated
Government expenditure parameter Gv 0.21 Calibrated
Foreign aid parameter F 0.1085 Calibrated
Standard deviation of output productivity shock o 0.0282 Calibrated
Standard deviation of government expenditure a9 0.0827 Calibrated
Standard deviation of public human capital gt 0.1067 Calibrated
Standard deviation of foreign aid shock o 0.213 Kenyan Data

(*) Arellano et al. (2009); (**) Garcia-Cicco et.al (2010): 95% confidence interval < 4.9 with median 3.3.;

(***) Jorgenson and Fraumeni (1989)

87



Table 4.2A: Data and the references of the benchmark model (Means)

Targeted Means *éz’t‘;’ﬁ;‘ B&”;(;‘Q‘lﬁgk Model A%
Private human capital investment-to-GDP 0.0234 0.0232 0.0232
Private human capital investment-to-Income 0.0221 0.0219 0.0219
Public human capital investment-to-GDP 0.0536 0.0535 0.0535
Public human capital investment-to-Income 0.0506 0.0506 0.0506
Private human capital investment-to-consumption 0.0340 0.0334 0.0334
Government expenditure-to-GDP 0.1131 0.1130 0.1130
Government expenditure-to-Income 0.1065 0.1067 0.1067
Aid-to-GDP 0.0585 0.0585 0.0585
Other Means

Consumption-to-GDP 0.6643 0.6933 0.6933
Consumption-to-Income 0.6255 0.6549 0.6549
Physical capital investment-to-GDP 0.2075 0.1755 0.1755
Physical capital investment-to-Income 0.1955 0.1657 0.1657
Working time NA 0.3344 0.3341
Table 4.2B: Data and the references of the benchmark model

Standard Deviations

GDP 0.0288 0.0288 0.0288
Consumption 0.0493 0.0230 0.0201
Physical capital investment 0.1025 0.1161 0.1040
Private human capital investment NA 0.1088 0.1080
Exogenous Variables

Government expenditure 0.0686 0.0686 0.0680
Public human capital investment 0.0901 0.0901 0.0899
Aid 0.2080 0.1988 0.1973
Table 4.2C: Data and the references benchmark model

Correlations with GDP

Consumption 0.83 0.86 0.84
Physical capital investment 0.42 0.89 0.88
Private human capital investment NA -0.08 -0.12

118 Annual data for a long period of time is criticized as it might be subject to structural break points.
However, the stylized facts generated from the annual data can be compared to that of the advanced

economy as well as to other developing countries that use quarterly data.
119 Benchmark model with correlated shocks.

120 Model A (uncorrelated shocks) is calibrated by changing o = 0.0266 and setting the correlation

coefficients to zero and keeping other parameters fixed as per Table 1.
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Table 4.2D: Data and the references of benchmark model

Correlations with Aid Kenyan Data Benchmark Model A
Model

GDP 0.35 0.32 -0.12

Consumption 0.09 0.60 0.24

Physical capital investment -0.06 0.57 0.17

Government expenditure -0.29 -0.29 -0.00

Private human capital investment NA 0.13 0.05

Table 4.2E: Data and the references of the benchmark model

Correlations with public human capital

GDP 0.18 -0.22 -0.22

Consumption 0.18 -0.34 -0.39

Physical capital investment 0.17 -0.40 -0.45

Private human capital investment NA 0.97 0.98

Table 4.2F: Data and the references of the benchmark model

Correlations with government expenditure

GDP -0.04 0.17 0.14

Consumption 0.03 -0.22 -0.18

Physical capital investment 0.16 -0.10 -0.06

Private human capital investment NA -0.06 -0.05

One-Sided HP filter
Income = GDP + aid
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Table 4.3A: Sensitivity analysis of the benchmark model (Means)

Aid-to-GDP ratio equals to

Steady state values 0% 6% 12% 18% 24%

Consumption-to-GDP 0.6463 0.6955 0.7415 0.7885 0.8359
Consumption-to-Income 0.6463 0.6549 0.6618 0.6679 0.6733
Physical capital investment-to-GDP 0.1755 0.1755 0.1755 0.1755 0.1755
Physical capital investment-to-Income 0.1755 0.1652 0.1566 0.1487 0.1414
Private human capital investment-to-GDP 0.0232 0.0232 0.0232 0.0232 0.0232
Private human capital investment-to-Income 0.0232 0.0218 0.0207 0.0196 0.0187
Public human capital investment-to-GDP 0.0497 0.0538 0.0578 0.0620 0.0664
Public human capital investment-to-Income 0.0498 0.0507 0.0516 0.0525 0.0534
Private human capital investment-to-consumption 0.0359 0.0333 0.0313 0.0294 0.0278
Government expenditure-to-GDP 0.1053 0.1139 0.1223 0.1312 0.1405
Government expenditure-to-Income 0.1053 0.1073 0.1092 0.1112 0.1132
Study Hours 0.0884 0.0847 0.0817 0.0786 0.0759
Working Hours 0.3484 0.3341 0.3218 0.3100 0.2991
GDP 1.9905 1.8388 1.7126 1.5966 1.4916
Income 1.9905 1.9529 1.9187 1.8848 1.8518

Table 4.3B: Sensitivity analysis of the benchmark model

Standard deviations

GDP 0.0275 0.0288 0.0303 0.0306 0.0324
Consumption 0.0198 0.0228 0.0261 0.0297 0.0334
Physical capital investment 0.1295 0.1361 0.1442 0.1541 0.1650
Private human capital investment 0.2267 0.2313 0.2356 0.2402 0.2448
Study hours 0.2196 0.2239 0.2279 0.2322 0.2363
Working hours 0.0265 0.0265 0.0282 0.0313 0.0354
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Table 4.4: Impacts of changing aid’s
volatility

Aid Volatility
Benchmark g % 10% % 40% %
Variable's Mean Model change change change
GDP 1.866083  1.87317 0.38% 1.869985 0.21% 1.84916 -0.91%
Consumption 1.295719 1.296955 0.10% 1.295399 -0.02% 1.29645 0.06%
Physical capital investment 0.328757 0.329667 0.28% 0.32923 0.14% 0.32637 -0.73%
Private H. Cap. investment 0.043188 0.043331 0.33% 0.043262 0.17% 0.04284 -0.80%
Study hours 0.084709 0.084837 0.15% 0.084805 0.11% 0.0843 -0.49%
Working hours 0.334557 0.335017 0.14% 0.334968 0.12% 0.33279 -0.53%
Table 4.5: Variance decomposition
Shocks
tfp aid gov hcap gov
GDP 88.48 2.69 7.66 1.18
Consumption 77.74 6.36 12.66 3.24
Physical capital investment 76.74 2.36 20.35 0.55
Private human capital investment 3.03 0.53 96.32 0.12
Working hours 13.15 26.61 48.26 11.98
Study hours 0.08 0.28 99.6 0.04
Physical capital 76.37 2.09 20.98 0.56
Human capital 0 0.13 99.84 0.03
Variance decomposition, aid-to-GDP = 24%
tfp aid gov hcap gov
GDP 62.02 29.46 6.84 1.68
Consumption 61.67 29.74 6.56 2.03
Physical capital investment 72.25 16.25 11.07 0.43
Private human capital investment 6.54 4.48 88.88 0.1
Working hours 0.93 83.58 10.54 4,94
Study hours 0.34 2.38 97.26 0.03
Physical capital 72.7 14.67 12.18 0.45
Human capital 0.3 1.16 98.52 0.02
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Table 4.6: The benchmark model and the shocks

Shocks

Model  tfp aid gov hcap gov
Standard Deviation
GDP 0.0288 0.0273  0.0046 0.0080 0.0032
Consumption 0.0230 0.0180 0.0054 0.0081 0.0042
Private human capital investment 0.1161 0.0159 0.0085 0.1092 0.0039
Physical capital investment 0.1088 0.0960 0.0190 0.0533 0.0089
Study hours 0.1048 0.0058 0.0063 0.1020 0.0022
Working hours 0.0132 0.0081 0.0068 0.0095 0.0049
Correlations with GDP
Consumption 0.86 0.98 -0.93 0.92 -0.97
Private human capital investment -0.08 0.97 -0.98 -0.82 -0.98
Physical capital investment 0.89 0.98 -0.99 0.95 -0.99
Study hours -0.28 -0.98 -0.99 -0.83 -0.99
Working hours 0.62 0.95 0.98 0.93 0.99
Correlations with aid
GDP 0.32 NA -0.96 NA NA
Consumption 0.60 NA 0.96 NA NA
Private human capital investment 0.13 NA 0.96 NA NA
Physical capital investment 0.57 NA 0.96 NA NA
Study hours 0.02 NA 0.95 NA NA
Working hours -0.24 NA -0.98 NA NA
Correlations with public human capital
GDP -0.22 NA NA -0.75 NA
Consumption -0.34 NA NA -0.92 NA
Private human capital investment 0.97 NA NA 0.99 NA
Physical capital investment -0.40 NA NA -0.89 NA
Study hours 0.99 NA NA 0.99 NA
Working hours -0.64 NA NA -0.93 NA
Correlations with government
GDP 0.17 NA NA NA 0.99
Consumption -0.22 NA NA NA -0.98
Private human capital investment -0.06 NA NA NA -0.98
Physical capital investment -0.10 NA NA NA -0.98
Study hours -0.05 NA NA NA -0.96
Working hours 0.51 NA NA NA 0.99
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Table 4.7: Volatilities and correlations of GDP and foreign aid

Relative
Country GDP Aid Volatility  Correlation
Benin 0.0229 0.1188 5.1877 -0.3222
Botswana 0.0529 0.3394  6.4158 0.0879
Burkina Faso 0.0195 0.1342 6.8820 -0.1394
Burundi 0.0464 0.2802 6.0388 0.5567
Cameroon 0.0620 0.2380 3.8387 -0.1365
Cape Verde 0.0503 0.1186 2.3578 0.2314
Central Africa 0.0560 0.1835 3.2769 0.0362
Ethiopia 0.0426 0.1568 3.6807 -0.2180
Gambia 0.0232 0.2887 12.4439 0.2631
Kenya 0.0292 0.2048 7.0147 0.3071
Lesotho 0.0386 0.2341 6.0647 0.1281
Madagascar 0.0292 0.2526 8.6506 0.2131
Malawi 0.0351 0.1875 5.3418 0.0075
Mali 0.0371 0.1465 3.9487 -0.1692
Mauritania 0.0324 0.1772 5.4691 -0.1552
Rwanda 0.0968 0.1540 1.5910 -0.4234
Senegal 0.0169 0.1208  7.1479 0.1544
Seychelles 0.0466 0.3731 8.0064 0.1581
Sierra Leone 0.0602 0.2308 3.8338 0.0265
Sudan 0.0478 0.4244  8.8786 0.2928
Togo 0.0424 0.2611 6.1580 0.1033
Uganda 0.0269 0.1744  6.4832 -0.2822

Author's Calculations using one-sided HP Filter
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Figure 4.1: Impulse responses to a positive one-standard foreign aid shock
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Figure 4.2: Impulse responses to a positive one-standard public human capital shock
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Figure 4.3: Sensitivity analysis for aid shock impact on selected variables at different aid-to-GDP levels
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Figure 4.4: Sensitivity analysis for aid impact on selected variables at different aid shock persistence levels
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Figure 4.5: Impulse responses to a one-standard-deviation of different shocks
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Chapter 5

Human Capital Investment, Foreign Aid, and the
“Dutch Disease”

5.1- Introduction

This chapter extends the model presented in Chapter 4 into a two-sector DSGE-RBC model that
has a tradable and a non-tradable sector. The two-sector calibrated DSGE-RBC model enables the
analysis of the effects of foreign aid on the relative price of non-tradable goods to tradable goods
(i.e. the real exchange rate) and on the composition of GDP by sector output. The model allows us
to address the question: Does foreign aid inflow lead to an appreciation of the relative price of non-
tradable goods, and generate a reduction in the size of the tradable sector (human capital intensive!?
for Kenya), which reduces overall GDP, consistently with the “Dutch Disease”? The previous
variables studied are also included in the analysis. To the best of my knowledge, this analysis is the
first one using a two-sector DSGE-RBC model to analyze the impact of foreign aid and its volatility
on GDP’s composition, the relative price of non-tradable goods, private human capital investment,

and study time.

In Chapter 3, a foreign aid shock had a negative and persistent impact on GDP, tradable and non-
tradable outputs for Kenya. However, there was only a transitory effect of foreign aid on tradable
goods price (negative, but not significant) and on non-tradable goods price (positive, but not
significant). The symptoms of “Dutch Disease” were reflected in the shrinkage of the tradable
output and total output in the long-run. However, the mechanism of the “Dutch Disease”, which
requires an appreciation of the relative price of non-tradable goods, was not found in the long-run
empirical CVAR analysis. This chapter uses a calibrated two-sector DSGE-RBC model to match
the Kenyan economy and study the short-run business cycle implications in a context of “Dutch

Disease”1?2.

This chapter has several findings consistent with “Dutch Disease”. An increase in foreign aid

increases the availability of the tradable goods relative to the non-tradable goods, leading to a rise

121 A shrinking human capital intensive sector would reduce return to human capital or education.
12 vector error correction model (VECM) analysis provides results that are consistent with the dynamics
of the two-sector DSGE-RBC model. (For more details see Appendix C.8)
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in the relative price of non-tradable goods. The consequence of the relative price appreciation is
the reallocation of resources from the tradable to the non-tradable sector, causing the tradable sector
to shrink. Thus, tradable working hours, tradable physical capital, and tradable human capital
decline on impact. On the other hand, non-tradable working hours, non-tradable physical capital,
and non-tradable human capital increase. The reallocation of resources causes the total output to
decline. The shrinkage of the human capital intensive tradable sector would lower the return to

human capital.

Furthermore, the positive income effect of foreign aid increases the saving rate, leading to an
increase in physical capital investment and private human capital investment as a result of
consumption smoothing behavior of the representative agent. Thus, the agent devotes more time to

human capital skills acquisitions. Hence, labor productivity and output increase in the future.

The findings in this chapter suggest that, over the short run, foreign aid has a positive impact on
the relative price of non-tradable goods, consumption, non-tradable output, non-tradable labor,
physical capital investment, private human capital investment, and time devoted to acquire new
skills. On the other hand, foreign aid is found to have a negative impact on output, tradable output,
tradable labor, and total labor working hours. As in the one-sector model, study time reaction and

private human capital are sensitive to the choice of the persistence level of the aid shock.

Another result emerging from the model is that aid shock is dominated by other shocks. However,
as aid-to-GDP ratio increases, aid flows become more influential. Further, decreasing (increasing)
the volatility of foreign aid would increase (decrease) output, tradable output, physical capital
investment, private human capital investment, study hours, and tradable working hours. For
instance, delivering foreign aid in a stable manner is equivalent to increasing the aid level by
7.85%*2%, From policy perspective and as shown in Chapter 4, the average relative volatility of
foreign aid for the 22 SSA countries is 6. Thus, if aid can be delivered in a predictable manner by

donors, the welfare of the SSA countries would increase as well as human capital accumulation.

Finally, 1 have found empirical evidence that is consistent with the simulation result of the two-
sector DSGE-RBC model. | used an empirical VECM analysis and find an evidence of the “Dutch
Disease”, resulting from aid injections. Foreign aid shock has a negative impact on the tradable
goods price and a positive impact on the non-tradable goods price in the short-run. The appreciation

of the relative price of non-tradable goods leads to a drop in GDP and the tradable output.

123 Higher than in the one-sector DSGE-RBC model which is found to be 4.5%.
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The two-sector DSGE model results coincide with the results of one-sector DSGE model presented
in Chapter 4, concerning the behavior of the impulse response functions of GDP, consumption,
physical capital investment, private human capital investment, and study and total working hours.
However, the magnitudes of the impulse response functions are higher in the one-sector DSGE

model 4,

The rest of the chapter is organized as follows: Section 5.2 provides a brief literature review.
Section 5.3 introduces the data sources that are used to calibrate the model. Section 5.4 outlines the
model. The calibrated model and results are presented in Section 5.5. Section 5.6 describes the
simulation results of the model. Sensitivity analyses are shown in Section 5.7. The vector error

correction model (VECM) is analyzed in Section 5.8. Finally, Section 5.9 concludes.

5.2- Literature Review

There exist a number of theoretical models that examine the impact of capital inflows. Corden and
Neary (1982) use a small open economy to explain the resource movement effect in response of a
boom (technology shock of one part of the tradable goods sector), which rises the relative price of
non-tradable goods. The outcome is a decline in the non-booming part of the tradable goods sector
(manufacturing sector), leading to what is called de-industrialization. This process causes a

reallocation of resources toward the non-tradable sector, thereby hurting the tradable sector.

Lartey (2008) develop a two-sector small open economy. He shows that large capital inflows to a
developing country cause a real exchange rate appreciation that has a negative effect on the tradable
sector - a “Dutch Disease” phenomenon. His results show that an increase in capital inflows
increase the demand for non-tradable goods, increase the price of non-tradable goods relative to
tradable goods, and expand the production of non-tradable goods. The appreciation of the real
exchange rate hurts the tradable sector by losing international trade competitiveness. On the other
hand, Lartey (2011) finds that an increase in foreign direct investments (FDI) leads to real exchange
rate appreciation only in more financially open countries. His result suggests that there is a trade-
off between the resource allocation effect and the spending effect following an increase in capital
inflows, “such that the more the tradable sector expands relative to the non-tradable sector, the

greater is the real exchange rate appreciation” (Lartey, 2011). He finds that the less the resource

124 This may be related to the relative volatility of aid being higher in one-sector DSGE-RBC model.
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reallocation from the tradable sector toward the non-tradable sector, the higher is the appreciation

of the real exchange rate.

Arellano et al. (2009) use a DSGE model focusing only on physical capital investment in a two-
sector (tradable and non-tradable sectors). Their main findings suggest that continuing flows of aid
finance consumption rather than investment. In addition, their model suggests that a permanent and
large amount of aid flows are positively associated with the relative price of non-tradable goods,

resulting in the shrinking of the tradable sector.

Acosta et al. (2009) develop a two-sector DSGE model with physical capital and analyze the
impacts of remittances on an emerging economy of El Salvador. They find that an increase in
workers’ remittances leads to a decline in labor supply and an increase in consumption. In addition,
they find that remittances lead to an appreciation of the non-tradable prices and to an expansion of
the non-tradable sector. This leads to the reallocation of labor from the tradable to non-tradable

sector.

The current chapter differs from the above models in several ways. First, the main departure from
Arellano et al. (2009) is the inclusion of labor-leisure-education choice, incorporating the role of
human capital beside the physical capital, and the government expenditures. Second, the present
model differs from Lartey (2008) and Acosta et al. (2009) by including the education choice beside
labor-leisure choice, the inclusion of the private and public human capital investment, and the role

of government expenditures.

5.3- Data Sources

In the absence of other data, the tradable output is approximated by the output of following sectors:
agricultural, hunting, fishing, forestry, and manufacturing. The rest of the GDP is assumed to
comprise the non-tradable output. Kenyan output is measured by GDP, consumption by
households’ expenditures, government expenditures by general government consumption, public
education by government’s expenditures on education, private human capital investment by
households’ expenditures on schooling®?, investment by gross capital formation, and aid by net

official development aid. The data cover a period from 1970 to 2014. All the yearly data are sourced

125 Appendix B.6 shows the method used to evaluate the private human capital investment.
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from the World Bank Indicators database!?® except for aid data which are obtained from the

Organisation for Economic Co-operation and Development (OECD).

Tradable and non-tradable prices’ indexes are computed from the Kenyan national account series

in constant and current prices following Goldstein et al. (1980) methodology*?’.

5.4- The Theoretical DSGE-RBC Model

The model is a two-sector DSGE-RBC model of a small representative-agent economy that produce
tradable and non-tradable goods. There are two forms of capital: physical capital and human capital.
Human capital involves activities of formal education (in terms of time) along with investment
(private and public in terms of tradable and non-tradable goods) to produce human capital stock
that increases labor productivity. This economy has no access to international capital markets, but
it receives aid in a form of untied transfer of wealth (in terms of tradable goods) every period. The
representative agent lives infinitely and has preference over real consumption and leisure, denoted
by C; and L, respectively at time t. His objective is to maximize his expected lifetime inter-

temporally additive utility function:

U=Ey %720 Bt [log(Ce) + ylog(Ly)] (5.1)

The parameter y > 0 is the weight of leisure in the utility function and S € (0, 1) is the subjective

discount factor.

The representative agent consumption index C; is given by the composite constant elasticity of
substitution (CES) form as:

[

G =[w(C) ™"+ A —w)(CM)™H] * (5.2)

where w € (0, 1) is the share of the tradable goods consumption (C/) and (1 — w) is the share of
the non-tradable goods consumption (CY) in the total consumption bundle. The superscripts T and
N denote the tradable and non-tradable sectors, respectively. The subscript t represents the

consumption in period t. Here the intra-temporal constant elasticity of substitution ¢ between

126 Data from WDI were downloaded on September 15, 2017.
127 See Appendix A.3.
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¢l and Cc}is equal to ﬁ Lower (larger) value of u implies greater (lower) responsiveness to the

relative price of non-tradable goods.
The representative agent is endowed with one unit of time every period:
Se +NF+ NN +L, =1 (5.3)

where S, is the fraction spent in acquiring skills (i.e. study time), Nfand N} are the fractions of
time spend in the production of the tradable and non-tradable goods, respectively, and L, is the

leisure time.

The production technologies of the tradable and non-tradable goods of the economy are represented

by:
Y{" = Alexp(z{) K/ “(N{ H{ )'=¢ (5.4)
v = AYexp(z{') K (N HE) P (5.5)

where Y;Fand Y}V denote the production of the tradable and non-tradable goods which correspond
to the tradable and non-tradable outputs, respectively; AT and AYare the productivity shifters;
exp(zf) and exp(zY) are the tradable and non-tradable sector output productivity shocks (TFP
shocks) and are assumed to be perfectly correlated; K/ and KNare the tradable and non-tradable
sector physical capital stock; H} and HY are the tradable and non-tradable sector human capital;
NFHT and NN HY represent the “effective labor input” used in the production of tradable and non-
tradable goods, respectively; a € (0, 1) represents the elasticity of the tradable output with respect
to the tradable physical sector capital stock; and 6 € (0, 1) represents the elasticity of the non-

tradable output with respect to the non-tradable physical sector capital stock.

Following Mussa (1978), Mendoza and Uribe (2000), and Arellano et al. (2009) specifications,
physical capital is assumed to be sector-specific in a sense that physical capital becomes less
effective if accumulated only in one sector. The physical capital factor transformation curve used
in the model is defined as follows:

-1

Ke = (KT K& = [(KD) ™V + (KN)™Ve] e (5.6)
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In this model, the factor transformation curve (x*) is assumed to be a constant elasticity of

substitution function with an elasticity of substitution'?® between K7 and K} being %= ﬁ With
k

a special case where v, = —1, then physical capital is perfectly homogenous.

I also assume that human capital in the tradable and non-tradable sectors is also sector-specific (i.e.
not perfectly mobile). The human capital is aggregated by the following CES function:

1

H, = k"(HT , HY) = [(HD) ™" + (HY) "] (57)

In (5.7), 1/;“:; is the elasticity of substitution between HY and HY. In a special case whenv,, =
1+vy t t h

—1, the human capital is assumed to be perfectly homogenous and perfectly mobile across sectors.
vy, captures the difficulty?® with which human capital can be substituted between sectors, thereby
measures the degree of human capital mobility from one sector to another?®, Sector-specific factors
is used in trade literature and the trade models recognize that factors of production are specific to

each sector to some degree.

In equilibrium, the relative price of non-tradable goods (PV) is equal to the marginal rate of
substitution between the tradable and non-tradable goods, which is equal to the slope of the concave
production possibility frontier (PPF) of YT and Y. The relative price of non-tradable goods is
determined by the relative technologies and the relative sectoral capital (physical and human)?3!
stocks. The slope of PPF is the main key to the variations in the relative price of non-tradable goods
in the model. The concavity of the PPF is determined by the differences in factor intensities in
tradable and non-tradable sectors (o < 0) **2as well as by the curvature of the physical (Mendoza

and Uribe, 2000) and human capital transformation functions, k*and «".

If factors of production are homogenous and can be freely allocated between sectors, the production
function of the tradable and non-tradable goods yields a constant slope PPF that is determined by
the fraction (o - 0) of the shift in sectoral physical-human capital ratio. A constant slope PPF yields

a constant real exchange rate. Discarding the assumption that factors of production (physical and

128 physical capital is costly to move from one sector to another.

125 Skills needed in the tradable sector may be different from skills used in the non-tradable sector. Some
training is needed when human capital is transferred from one sector to another.

130 Sensitivity analysis of changing the values of v, and v, is left for future research.

131 See equations 5.32 and 5.33.

132 The result is also robust even when o > 6.
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human capital) are homogeneous between the two sectors yields large changes in the relative price

of non-tradable goods.

The representative agent owns the representative firms®*® in both sectors which operate in a
competitive market. Both type of firms choose physical capital and effective labor to maximize
profits and produce output following Cobb-Douglas production function with a constant return to
scale technology taking prices as given. Factor markets are competitive and in equilibrium they
earn their marginal productivities. Since physical and human capital are industry-specific, the
return of physical capital and the return of human capital must take into account the degree of factor
suitability between the tradable and non-tradable sectors which are given by the derivative of
k(KT , KN)and k™(H] , HY) with respect to the sectoral physical and human capital, respectively.

Marginal productivities across sectors are equalized and are calculated as follows:

T N
aal exp(z) rp ™t PloAY exp(zl) (xtyp)?
i = KT =py T o (5.8)
e (Ke Kt') Ky (Ki Kt')
KT kY
(1-a)AL exp(z{) (Grem” (1-0)a exp(z) (e’
wh = L= pp Lo (5.9)

Kk (HEHY) K (HE HY)

Human capital is reproducible with a constant return to scale in terms of time spent in acquiring

skills (S,), private human capital investment (I}*), and public human capital investment (Itgh). The

human capital law of motion is given by:
Hepr = ARS P (exp(zP)IE™) M2+ (1-6,) H, (5.10)

Here, exp(th) is the public human capital productivity shock; n, and n, € (0, 1) represent the
elasticity of the production of human capital with respect to schooling time and private human
capital investment, respectively; &, is the human capital depreciation rate; A% is the human capital

productivity shifter.

The representative agent receives rent on the physical capital he leases to the firms, wage for his

labor services to the firms, invests his saving in physical and human capital, consumes both goods,

133 One firm produces tradable good and the other produces non-tradable good.
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pays lump-sum taxes to the government, and receives profits from firms. His budget constraint is

given by:
cr+pNcN + 18 +1F + T, =vkK, + wiN, H,+ D] + PN DY (5.11)

where PY is the relative price of non-tradable goods; I¥ and I}* are the household’s investment in
physical and human capital®**, respectively in period t; T; is a lump-sum tax paid to the government
to finance its expenditures including investment in public human capital; r is the gross rental rate
of physical capital in units of tradable good delivered in period t; w}* is the price per unit of effective
labor in period t expressed in units of tradable good delivered in period t (i.e. real wage); DY and

DY are the dividends distributed by the firms to the household each period**.

Physical capital accumulation follows the following law of motion:

Kevr =1 + (80 Ky -5 CF - 17K, (512)

K

In (5.12), an adjustment cost associated with capital holdings is added to the physical capital law
of motion and is weighted by ¢ to avoid the high volatility in physical capital investment generated

by the model; &, € (0, 1) is the depreciation rates of physical capital.

The government levies lump-sum taxes, T;, to finance its expenditures®® and receives foreign

aid®¥’. Hence, the government budget constraint in terms of tradable goods is:

T,+ F,=PNI9" + PV G, (5.13)

134 Private human capital in the model is assumed to be tradable, i.e. buying textbooks, supplies, uniforms,
and other educational supplies.

135 Since both firms operate in a competitive market and use a constant return to scale technology, the
profits generated and the dividends distributed to the household are zero in equilibrium.

136 Ig"h+ G, are the total government expenditures, falling entirely in the non-tradable goods category and
financed through lump-sum taxation which is assumed to be tradable. The data available on public human
capital investment is the government education expenditure which refers to the current operating expenditures
in education. It includes wages and salaries and excludes physical capital investment in buildings and
equipment. In the absence of educational infrastructure data which is included in gross capital formation
(defined in Appendix B.7), | assume teachers’ salaries and wages (ngh) paid by the government as a non-
tradable good investment in the human capital production function.

137 Lump-sum taxes would be adjusted as a result of foreign aid injections.
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F, = Fexp(z[) is a stochastic exogenous aid inflow given each period. The government expenditure

is composed of public human capital investment, Itgh, and general government expenditure, G;.

Both public human capital investment and general government expenditure are assumed to be

exogenous and stochastic, where 19" = 19%exp(z?") and G, = G exp(z?).

The exogenous shocks of the representative agent economy follow a vector autoregressive

[VAR(1)] process with AR coefficients that are restricted to be diagonal and given by:

- T T 1 - oT
ZlogpT 0 0 0 0l g g g g o)
Zt 0 pN 0 0 O |l%t-1 [0 1 0 0 0] &t
g g g g
zo |l=lo 0 p? 0 Ollz_y1+lo o 1 o oll& (5.14)
Lol o0 0 potoollen] lo 0 0 1 ol
‘11 A oo oo 0 1l
f 0 0 0 0 p f f
L Z; LZ¢ 1] L&

where |pf|<1 are the autocorrelation coefficients and &} ~ nid(0,022) withi=T, N, g, gh, f are the
innovations sequences of identically distributed normal random variables with mean zero and

variances o.2.

The variance-covariance matrix of the exogenous shocks is presented as follows:

Tf T f
o2 TN 0 0 p™olo]
alall alN? 0 0 pNfoNg!
0 0 aégz 0 pgfagqagf (5.15)
0 0 0 al? 0
™ olal polol  p9ffc] 0 al?

where pT/, pNf and p97 are the correlations between aid and the TFP shocks and between aid and
the government expenditure shocks, respectively'®, The zero off-diagonal shows that shocks are

not contemporaneously correlated.

The decisions taken in this economy follow a time sequence. At the beginning of period t, the values

of the stochastic shocks are realized. The representative agent chooses consumption and makes

138 p2fis added to match the pro-cyclicality between output and aid in the data and p9” is added to match the
positive correlation between aid and government expenditures. No correlation between public human capital
shock and foreign aid shock has been added as the correlation in the Kenyan data is low.
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investment decisions (in terms of time and tradable goods). The representative firm chooses how

much physical capital and effective labor to hire.

With no externalities and no distortionary taxes, the competitive equilibrium is Pareto optimal. For
the representative agent, the Pareto-optimality means that utility maximizations and the
representative agent’s problem can be represented by a social planner’s problem. The first and
second welfare theorems state that the solution to a competitive equilibrium yields the same
allocation of consumption (tradable and non-tradable goods), time devoted to work (in tradable and
non-tradable sectors), study time, and physical and private human capital investment. Those
allocations are chosen to maximize the representative agent utility given the resource constraints

and technology restrictions.

The social planner*® maximizes the following expected utility of the representative agent:

MAX(CT N o NTNY S, Lo Koo Hepn KT 1T KN 1Yo Zizo B {logCe +ylogL, } (5.16)
subject to
Se +NF+NN+L, =1 (5.17)
_1
Ce =[w(CH ™+ (1 —w)(CM)™#] & (5.18)
cl +1F + 1 = Alexp(z]) KI*(NTHT)'™% + Fexp(zf) (5.19)
Y+ G +17" = AVexp(z) KN (NN HY)1=° (5.20)
o K,
Kt+1 = Ill-( + (1 - 6}() Kt - 5 %tl_ 1)2Kt (521)
Hpyq = ARSI (exp(zf) 1™ =2+ (1-8,) H, (5.22)
-1
Ky = [(KI)™k + (KN)™k]x (5.23)
-1
Hy = [(HD)™r + (HY)™Vr]"n (5.24)

133 Appendices C.1-C.4 describe in details the representative agent’s optimization problem, firm’s
optimization problem, social planner problem, and the steady state.
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5.4.1- Competitive Equilibrium

Definition A competitive equilibrium for this model is a set of prices {PY, wl, r¥}2, and
allocations  {cI, cV,c, NI, NN,S; Ly I K;y1, Hepy KE HD KY  HN}Z, such that, the

following conditions hold:

Q) The representative agent maximizes utility subject to his budget constraint taking
prices as given.
(i) The representative firms maximize profits subject to output technology taking input
prices as given.
(ili)  The market-clearing conditions and the government budget constraint hold:
Se + NF +NY+L, =1
1
Ce =[w(CH™*+ A —w)(C)H] *
N + Gy +17"= Aexp(z]!) KN (NN HIY'
CT + Keyr - (1-6) Ko+ 5 (22— 12K, + If' = ATexp(e]) KT (NFHD'™ + Fy
Hevr = ARS:™IP™ (exp(2)If™) =2+ (1-6,) H,
-1
Ky = [(K) ™k + (KY)7VE]ve

1

He= [(HE) ™" + (HY) 7]
T+ F,=PNI9" + PV G,
5.4.2- Equilibrium Dynamics

The optimality conditions of the social planner’s maximization problem show the following

equilibrium conditions:

@)+ (A=) (] T @€ [14+0 (K1) =

1
Ct t

PR [0(Ch)™ + (- ) ()™

T T Kiiq ot
(aAiyq €xp(Z4q) )

T T
w(CLp)THI( et + (18 + OG-y Dl
(GG o e 2R
1)3)] (5.25)
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(22001 - 0)aY exp(al)) (pi) N () CwtD) (5.28)
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[0(CH™ + (1= @)(C) ] (1= @)(C) 40 (1:0) AYexp(al) () HY  (5:30)
Y6 : =i (5.31)
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Equation (5.25) corresponds to the intra-temporal Euler equation for consumption that equates the
marginal social cost of giving up a one unit of current consumption with the marginal social benefit
of allocating extra savings into aggregate physical capital; i.e. physical capital Euler equation. It
states that the loss of utility from foregone present consumption equates the expected benefit from
increasing future consumption. Equation (5.26) corresponds to the intra-temporal Euler equation
for human capital; it equates the current marginal social cost (LHS) for an extra unit of time spent
on acquiring human capital with the marginal social benefit of the human capital in the future. In
other words, the marginal social cost of human capital is equated with the discounted expected

social benefit of future human capital.
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Equations (5.27) and (5.28) equate the marginal productivities of physical capital and human capital
across sectors, respectively. Equation (5.29) is the intra-temporal Euler for leisure and consumption
(tradable). It equates the effective opportunity cost of leisure to the marginal rate of substitution
between leisure and consumption. Whereas, equation (5.30) is the intra-temporal Euler for leisure
and consumption (non-tradable). It equates the effective opportunity cost of leisure to the marginal

rate of substitution between leisure and consumption.

Equation (5.31) is the intra-temporal Euler equation that shows the relationship between
consumption, private human capital investment, leisure time and time devoted to acquire human
capital. It sets the marginal rate of substitution between consumption and leisure (LHS) equals to
the marginal rate of substitution between private human investment and time allocated to study and

this relationship holds every period.
From equations (5.8), (5.9), (5.27), and (5.28), the relative price of the non-tradable goods is
determined:

Py = (59 (Gy-a+w (5.32)

¢l

Equation (5.32) equates the relative price of the non-tradable goods, P, to the marginal rate of

substitution between the consumption of tradable and non-tradable goods.

Combining equations (5.8) and (5.9) and taking logs, | obtain the equilibrium relative price of non-
tradable goods (equation 5.33), which is a function of the relative technologies of the tradable and

non-tradable sectors as well as the allocations of physical and human capital in both sectors:
kY AT, 1-ayq_ Ny KN oY
InP{'=(a-0)ln(xem) G =)'~ (@)1 + (Ingr i+ 1)InG ) +Ha-1)(vi+)InGr)

(5.33)

Here, PY is the slope of the PPF (tradable and non-tradable outputs) in equilibrium. Equation (5.33)
represents the supply side of the relative price of non-tradable goods that equates the marginal
productivities in both sectors. While equation (5.32) represents the demand side of the real
exchange rate that equates the marginal rate of substitution between the consumption of tradable
and non-tradable goods. The calibrated DSGE model also incorporates the Balassa-Samuelson
hypothesis that changes in the relative price of the non-tradable goods originate from the labor

productivity differentials, adjusted for sector-specific physical and human capital.

The above model cannot be solved analytically, a Dynare program in Matlab is used to solve it.
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5.5- DSGE-RBC: Calibration and Results
5.5.1- Parameters

The data used to calibrate the model are yearly data and one-sided HP filter'* is used to remove
the cyclical component of the time series data. The parameters used to calibrate the benchmark
model are summarized in Table 5.1. The parameters are classified into three categories: parameters
which are taken from other studies and remain fixed, parameters that are directly estimated from
the data, and the rest of parameters that are linked to the steady state values are calibrated to mimic

the Kenyan economy as observed in the 1970-2014 period.

When considering the elasticity of substitution between the tradable and non-tradable
consumptions, | follow Ostry and Reinhart (1992) and fix p at 0.316, reflecting the developing
countries estimate. For the elasticity of substitution between physical capital used in the tradable
and non-tradable sectors, | fix the value of v, at -11 as in Mendoza and Uribe (2000). Following
Cardi and Restout!*! (2015), I fix v, at -2.2 that represents the mean value for some advanced

countries that ranges between -9 and -1.5.

The autocorrelation coefficients of the total factor productivity for both sectors, public human
capital, and the government expenditure shocks are set to 0.81 (equivalent to 0.95'? quarterly
Kydland and Prescott (1982)). The discount factor (B) is set to 0.95 (Arellano et al. (2009)). The
cost of adjustment (¢) is set to 343, The productivity shock of the tradable output (A7) and the
human capital sector shock (A") are normalized to 1. Physical and human capital depreciation rates
are set to 5% (Arellano et al. (2009)) and 3.5% (Jorgenson and Fraumeni (1989)), respectively. The
autocorrelation of the foreign aid shock and its standard deviation are estimated directly from the
Kenyan data and set to 0.71 and 0.248, respectively. The values of technology parameters for both
sectors (a (tradable) and 6 (non-tradable)) are determined from the Kenyan national accounts data
on the production accounts by industry, sectoral factor payments, and GDP at factor cost for a

period of 25 years (1990-2014). The shares of labor income in value-added are setto 1 - o = 0.65

140X =100 (for yearly data).

141 In their model, they estimate labor mobility.

142 | have followed Kydland and Prescott (1982) and set the autocorrelation coefficients for public human
capital investment and government expenditure equal to the autocorrelation coefficient for the TFP shock.
143 The cost of adjustment in literature ranges between 0.005 and 5. Garcia-Cicco et.al (2010) 95%
confidence interval < 4.9 with median 3.3.
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(in the tradable sector) and 1 - 6 = 0.55 (in the non-tradable sector), which are the averages over

the period for which data are available!44.

The rest of the parameters are calibrated to match the long-run average ratios of the Kenyan
economy. These parameters are: 1) the share parameter of schooling time in the human capital
production function (1, = 0.7); 2) the share parameter of the private human capital investment in
the human capital production function (n,= 0.10); 3) weight of leisure (y = 1.45); 4) weight of the
tradable consumption (o =0.24); 5) correlation coefficient between aid and the TFP shocks (p/T =
pN = 0.50); 6) correlation coefficient between aid and the government expenditure shocks
(p97 = 0.25); 7) the productivity shock of the non-tradable output (AN = 1.61); 8) public human
capital parameter (19" = 0.277); 9) government expenditure parameter (G = 0.585); 10) foreign aid
parameter (F = 0.153); 11) standard deviation of the TFP shock (67 = o™ = 0.0473); 12) standard
deviation of the public human capital shock (69"=0.1055); 13) standard deviation of the

government expenditure shock (69=0.092).

The Kenyan economy long-run average ratios that the model matches (targeted moments) in the
calibration process are: 1) tradable output-to-GDP ratio of 38%; 2) private human capital
investment-to-consumption ratio of 3.4%; 3) working time of 33.33%%; 4) pro-cyclicality of aid;
5) positive correlation between aid and the government expenditures; 6) public human capital
investment-to-GDP ratio of 5.38%; 7) government expenditure-to-GDP of 11.3%; 8) aid-to-GDP
level of 5.85%; 9) standard deviation of GDP of 4.34%; 10) standard deviation of the public human

capital investment of 8.92%; 11) standard deviation of the government expenditure of 7.94%.
5.5.2- Calibration Results

Tables 5.2A-5.2F below present the stylized facts of the benchmark model that is calibrated to
match the Kenyan data for the 1970-2014 period. Table 5.2A shows the means of the variables that
the model is calibrated to match which were discussed in the previous section and other means
produced by the benchmark model. Tables 5.2B-5.2F present the standard deviations of some
selected stationary variables'*® and the correlations with output, aid, public human capital, and
government expenditure, respectively. The benchmark model is able to mimic successfully the

targeted means and the targeted standard deviations with the calibration process. For instance, the

144 See Appendix C.6 for details.

145 No data available for Kenyan working hours, | have calibrated the working hours to match one-third of
the total time.

146 Stationarity of the variables are explained in Appendix C.5.
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benchmark model is able to match tradable output-to-GDP, aid-to-GDP ratio, public human capital
investment-to-GDP, government expenditure-to-GDP, foreign aid-to-GDP, and private human

capital investment-to-GDP. Furthermore, it has an overall good fit with regard to other mean levels.

The benchmark model underestimates the volatility of consumption for the reasons discussed in
Chapter 4. The Kenyan data show that the relative consumption volatility is 1.14, while it is 0.72
in the benchmark model. The benchmark model is also able to match the volatility of GDP;
however, it overestimates the volatilities of the tradable output and underestimates the volatilities
of non-tradable output and the relative price of non-tradable goods. Further, the benchmark model

has a good fit in estimating the volatility of physical capital investment#’.

Foreign aid volatility is 4.7 times more volatile than that of GDP in the benchmark model compared
to 5.14 in the data. This is due to that aid’s standard deviation was estimated from the data rather
than calibrated. Kenyan data show that the volatility of public human capital investment is twice
that of output and the volatility of government consumption is 1.8 times that of output. The

benchmark model is able to match the volatility of public human capital investment.

In terms of the correlations with GDP, the benchmark model matches the pro-cyclicality of
consumption, physical capital investment, and tradable and non-tradable outputs. The benchmark
model generates a negative correlation between GDP and the relative price of non-tradable goods,
which is the feature of the “Dutch Disease” phenomenon. It also matches the positive correlation
signs of aid with GDP*8, non-tradable output, consumption, physical capital investment, and

government expenditures®.

5.6- Simulation Results

The behavior of the economy in the periods following the shock®® can be analyzed by studying the
impulse response functions. Figures 5.5-5.6 demonstrate the effects of a positive one-standard-

deviation increase in a desired shock on the selected stationary variables such as: output, tradable

147 Without including the cost adjustment parameter physical capital investment’s volatility would reach
24%.

148 The reason is that aid and TFP shocks are correlated.

143 In Appendix C.7, | compare two other models with the benchmark one. Model A where aid and
government expenditure shocks are only correlated, and Model B where TFP and government expenditure
shock are only correlated.

150 TEP shock and government expenditure shock effects are presented in Appendix C.8.
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and non-tradable outputs, consumption, investments in human and physical capital, time devoted
to study, tradable and non-tradable labors, relative price of non-tradable goods, tradable and non-
tradable consumption, tradable and non-tradable physical and human capital, and the marginal

productivity of study hours.
5.6.1- Short-Term Impact from Temporary Changes in Shocks
5.6.1.1- Foreign Aid Shock

Figure 5.1 illustrates the impulse response functions following a positive one-standard-deviation
shock to exogenous foreign aid. Foreign aid is designed to enter the model as an untied wealth
transfer and any change in the foreign aid level would have an impact on the selected stationary

variables.

The positive income effect of foreign aid increases the representative agent’s income, resulting in
an immediate reduction in the total labor working hours. The increase in the agent’s income leads
to an increase in consumption demand and leisure time; thus, the tradable and non-tradable
consumption increase. The relative price of non-tradable goods is determined by the ratio of the
marginal utilities of the tradable and non-tradable consumption. In response, the relative price of
non-tradable goods significantly increases, leading to the reallocation of resources from the tradable
sector to the non-tradable sector (more profitable), causing the tradable sector to shrink, non-
tradable sector to expand, and total output to decline. The reallocation of the resources channel
leads to an immediate increase in non-tradable labor, non-tradable physical capital, and non-
tradable human capital. On the other hand, tradable labor, tradable physical capital, and tradable

human capital decrease upon the impact of the foreign aid shock.

The behavior of physical capital investment depends on two factors. First, the availability of foreign
aid that acts as a substitute for the tradable goods produced in the economy and decreases physical
capital investment. On the other hand, a shrinking total labor supply and an increase in the relative
price of non-tradable goods are negatively affecting the physical capital productivity. Second,
household’s consumption increases the demand for goods. The increase in the demand and the
possibility of substituting labor with physical capital are positively affecting physical investment.
Thus, the net effect of these two factors is a slight increase in the physical capital investment upon

impact.
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Human capital investment increases as a result of an aid shock due to the positive income effect
caused by the flow of aid. Hence, the representative agent devotes more time to acquire skills which
increases his productivity in the future. Finally, the marginal productivity of study hours decreases
on impact, increases gradually, reaches its peak in the 9" period, and then decreases to its long-run

trend.

In comparison with the one-sector DSGE model presented in Chapter 4, a shock to foreign aid
yields the same behavior of the impulse response functions for GDP, consumption, physical capital
investment, private human capital investment, time devoted to study, total labor supply, and the
marginal productivity of study hours. However, the magnitudes or the percentages of deviations of

the impulse responses are higher in the one-sector DSGE model.

In the empirical study presented in Chapter 3, | have found that aid shocks have a negative long-
run impact on GDP in eight sub-Saharan African countries and a positive long-run impact on GDP
in only three SSA countries. In addition, | find that aid shocks have more impacts on the GDP’s
composition. Foreign aid shocks have a negative and persistent impact on the tradable and non-
tradable outputs in 16 and five countries and a positive and persistent impact on the tradable and
non-tradable outputs in four and six SSA countries, respectively. For Kenya, aid shocks have a
negative and persistent impact on GDP, tradable and non-tradable outputs. However, in the two-
sector DSGE-RBC model*®?, a positive aid shock has a negative impact on GDP and the tradable

output and a positive impact on the non-tradable output.
5.6.1.2- Public Human Capital Shock

A positive one-standard-deviation public human capital shock corresponds to a decline in the
opportunity cost of skill acquisition activities and an increase in leisure opportunity cost. Figure
5.2 depicts the impulse responses to a positive one-standard-deviation public human capital shock.
The shock in the public human capital decreases the cost of accumulating human capital relative to
physical capital. Thus, the agent devotes more time into education activities at the expense of
leisure and total labor hours. Consequently, the agent increases his investment in human capital.
Consumption and physical capital investment decrease on impact and increase in subsequent

periods and stay below the steady state for four years after the realization of the shock. Both tradable

151 The DSGE-RBC model impulse response functions are short-run; in contrast to the CVAR impulses which
are long-run.
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and non-tradable consumption decrease; in response, the relative price of non-tradable goods

increases.

The appreciation of the relative price would reallocate the resources from the tradable to non-
tradable sector. Thus, the tradable output declines and the non-tradable output increases, leading to
an initial decline in the total output. The initial decline in output is affected by two factors. First,
the decrease in total labor supply even though non-tradable labor increases; the decline in the
tradable labor exceeds the increase in non-tradable labor. Second, the increase in the non-tradable
output does not overweigh the decline in the tradable output. However, by time, output starts to
increase due to higher labor productivity which is associated with the increase in human capital
investment and time devoted to education. The marginal productivity of study time increases on

impact, declines monotonically, and stays above its long-run trend for a long period of time.

Both models, the one-sector and the two-sector DSGE-RBC models, yield the same impulse
response functions behavior for GDP, consumption, physical capital investment, private human
capital investment, time devoted to study, labor supply, and marginal productivity of study hours.
However, the magnitude of response is greater in the one-sector model compared to the two-sector

model.

5.7- Sensitivity Analyses

One of the features of the calibration and simulation approaches is to measure the impact of foreign
aid and its volatility on the economy by distinguishing between the permanent changes in aid levels
and the temporary changes in aid. In the former case, | keep all the parameters fixed and change

the mean level of aid; in the latter case, | only change the persistence level of aid shock.

5.7.1- Permanent Changes in Foreign Aid Levels

Table 5.3 reports the impacts of a permanent increase in the aid-to-GDP ratio. The main idea is to
compare the benchmark model to different hypothetical scenarios, when the representative agent
economy receives a different amount of aid levels. In this part of the analysis, all the parameters
stay fixed as in Table 5.1 except the mean level of aid which changes to get an average aid-to-GDP
of 0%, 12%, 18%, and 24%.
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| find that as aid increases, the relative price of non-tradable goods increases and the tradable
output-to-GDP ratio shrinks. Table 5.4 below reports the first and second moments of the selected
stationary series in the model computed at different aid levels. The permanent increase of foreign
aid changes the composition of output, consumption, physical capital, human capital, labor, as well

as the relative price of non-tradable goods.

The main findings of the simulation results are as follows. First, a permanent increase in the level
of aid is associated with a permanent increase in consumption. For instance, at an aid-to-GDP level
of 18%, consumption as a share of GDP and as a share of income (GDP + aid) increases from 67%
to 76% and from 63% to 64.4%, respectively. Physical capital investment-to-GDP*? also increases
as aid-to-GDP increases; whereas, physical capital investment-to-income declines. Private human
capital investment-to-GDP**® ratio declines a little as aid level increases as a share of GDP.
However, the private human capital investment-to-income ratio declines more relative to GDP. For
instance, when aid is tripled, the private human capital-to-income ratio declines to 1.96% compared
to 2.2% in the benchmark model. The tradable consumption as a share of GDP increases by 14%,

when the aid level is tripled relative to the benchmark model.

Second, the higher the aid-to-GDP level, the higher is the relative price of non-tradable goods. In
the simulation case, when aid-to-GDP is 18%, the relative price of non-tradable goods is almost
2.5% higher; it is 3.5% higher when aid equals to 24% of GDP relative to the benchmark model.
With higher aid levels, the availability of the tradable goods increases the tradable goods supply

relative to the non-tradable goods, causing the equilibrium price of the latter to increase.

A third result emerging from the second one is the relative size of the tradable sector which is
decreasing with increasing the level of foreign aid. With no aid, the tradable sector comprises 42.5%
of GDP in the steady state. As aid increases to 24% of GDP, the tradable sector shrinks to 25.3%
of GDP. The relative decline of the tradable sector is linear: a 1 percentage point increase in aid is

associated with a 0.70 percentage point decline in the tradable-to-GDP ratio.

Fourth, an appreciation of the relative price of non-tradable goods would induce the representative
agent to shift his labor hours from the tradable sector to the non-tradable sector. In the benchmark
model, the representative agent supplies more time in the tradable sector compared to the case when

aid is equivalent to 24% of GDP. On the other hand, the representative agent increases his non-

152 In one-sector DSGE model this ratio stays the same as aid-to-GDP increases.
153 In one-sector DSGE maodel this ratio stays the same as aid-to-GDP increases.
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tradable working hours by 9.4% when aid is quadrupled. However, the total labor supplied declines
when aid-to-GDP reaches 24%. The study time also declines by 11% when aid is quadrupled
relative to the benchmark model. Furthermore, as aid-to-GDP level increases, tradable-to-non-
tradable physical and human capital ratios decline indicating that the more aid is injected in the

economy, the higher is the reallocation of resources from tradable to non-tradable sector.

A fifth result is that as aid increases, it becomes more influential in the model economy. Increasing
aid levels would increase the volatility of all variables. For instance, the volatility of consumption
increases relative to the benchmark model. The relative price of non-tradable goods is 1.45 times
as volatile when aid flows is 24% of GDP relative to the benchmark model. Output, tradable and
non-tradable outputs, private human capital, and physical capital investment are becoming more
volatile with higher aid flows. The volatility of tradable output is 55% higher than in the benchmark
when aid increase to 24% of GDP; whereas, the volatility of non-tradable goods increases by 30%.
Moreover, the volatilities of tradable labor, tradable human capital, and tradable physical capital

exceed their counterparts in the non-tradable sector as aid increases.

Finally, a permanent increase in the aid levels is found to be negatively associated with study hours,
private human capital, tradable output, and total labor supply. Higher and volatile aid flows
introduce high volatility in the economy in terms of consumption, investment in both forms of

capital, and the relative price of non-tradable goods.
5.7.2- Foreign Aid Shock at Different Persistent Levels

As discussed in Chapter 4, the impulse responses of the selected stationary variables are affected
by the magnitude of the aid shock persistence level. Here, | analyze study hours, private human
capital investment, tradable and non-tradable labor supply, physical capital investment, the relative
price of non-tradable goods, and the tradable and non-tradable outputs impulses to a positive one-
standard-deviation from a trend in the aid level, when the persistence level of aid shock changes.
The impulse response functions are presented in Figure 5.3. The magnitude of the responses and
the behavior of some selected variables depend on the persistence level of the aid shock (p/) level.
For this part of sensitivity analysis, five cases are considered: when p/ = 0.00, p/ = 0.35, p/ =
0.71 (the benchmark model), p/ = 0.90, and p/ = 0.95.
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As aid shock persistence level changes, the most affected variables are the study hours and private
human capital investment!®*. The income effect from an aid shock causes leisure time to increase
and total labor working hours to fall for any level of p/. However, the study time reaction is
sensitive to the choice of the persistence level of the aid shock. For instance, when p/ < 0.90,
foreign aid has a positive impact on study hours; however, when p/ > 0.90 foreign aid starts to
have a negative impact on study hours. At a high persistent aid shock, the behavior of the
representative agent is similar to his behavior when there is a permanent increase in the aid level.
In this case, aid inflows discourage the representative agent in putting effort to study and increase
his dependence on foreign aid. On the contrary, with a less persistent shock, study time increases
initially on impact and then returns to its steady state; it experiences a deviation below its trend in
the 2", 3, and 7™ year when p/ = 0.00, 0.35, and 0.71, respectively. When p/ > 0.90, study time
response function never experiences a positive deviation above its trend. These results are also

consistent with the results found in Chapter 4.

The reaction of private human capital investment is also affected by the level of aid shock
persistence. For instance, increasing the persistence level of an aid shock decreases the positive
magnitude of the aid impact on the private human capital investment. However, when p/ = 0.90%,
foreign aid shock starts to have a negative impact on the private human capital investment, in
contrast to the benchmark model. Physical capital investment reaction does not change its behavior
as the persistence level goes up. However, the magnitude of the physical capital investment impulse

response function is negatively affected as the persistence shock level goes up.

Tradable and non-tradable labor working hours are also influenced by the persistence level of aid
shock. The magnitude of the initial decline in the tradable labor supply is not affected by the
persistence level; however, increasing the persistence value would affect the period the tradable
labor impulse function stays below its trend. On contrary, the magnitude of the initial increase in
the non-tradable labor supply increases with the persistence value of the shock of aid; the higher
the persistence shock level, the longer the non-tradable labor working hours impulse response

function stays above its trend.

Finally, both the impulse response functions for the relative price of non-tradable goods and the

non-tradable output increase with the persistence level of the aid shock. As the shock persistent

154 Same results as in one-sector DSGE model.
155 |n the one-sector DSGE-RBC model this happens when p/ = 0.95.
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level goes up, the longer both responses stay above their trends. Both responses never experience
a deviation below their trends at any level of persistence. The magnitude of the initial decline in
the tradable output is not affected by the aid shock persistence level. However, as p/ increases, the

longer the tradable output response function stays below its trend and never deviates above it.
5.7.3- Effects of Changing the Volatility of Aid: Mean-Preserving Spread

Now, consider comparing the benchmark model to hypothetical scenarios when the same
representative economy receives the same amount of aid but with different aid volatility levels.
This exercise captures the impact of the aid shocks on the variables when the standard deviation of

an aid shock changes.

The second column of Table 5.4 shows the mean levels of GDP, tradable and non-tradable outputs,
the relative price of non-tradable goods, consumption, private human capital investment, physical
capital investment, study hours, and tradable and non-tradable working hours for the benchmark
model. The 3, 5 and 7*" columns show the mean levels of the correspondent variables when the
volatility of aid (i.e. standard deviation) sets at 0%, 10%, and 40%, respectively. Lowering the
volatility of aid to half, GDP, tradable output, physical capital investment, private human capital
investment, study, and tradable working hours are slightly higher relative to the benchmark model.
On the other hand, non-tradable output, the relative price of non-tradable goods, consumption, and
non-tradable working hours are slightly lower relative to the benchmark model. Decreasing the

volatility of aid to half would be equivalent to decreasing the aid level by 5.5%.

Setting the volatility of aid to zero (donors deliver aid in a stable and predictable manner) is
equivalent to a 7.85%*% decrease in the mean level of aid. In this case, GDP, consumption, and the
tradable output would increase; private human capital investment and study hours would increase
by 1.63% and 0.32%, respectively. The relative price of non-tradable goods decreases and the non-
tradable output increases even though the non-tradable working hours decreases relative to the
benchmark model. On the other hand, doubling the volatility of aid to 40% has an adverse selection
on GDP, the tradable output, physical and private human capital investment, study hours, and
tradable working hours with tradable output the biggest loser (-2.9%). Increasing the volatility of

aid to 40% is equivalent to increasing aid level by 19.4%. From a policy point of view, the donors

156 4,5% in the one-sector DSGE-RBC model.
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are encouraged to decrease the volatility of aid rather than just the level of aid. The donors could

increase the welfare of the recipient countries by delivering aid in a stable and predictable way.
5.7.4- Forecast Error Variance Decomposition

The contribution of each shock on business cycle fluctuations is now examined. Forecast Error
Variance Decomposition separates the endogenous variables variations into the component shocks.
It describes the relative importance of each innovation in affecting the variables over a particular
forecast horizon. Table 5.5 reports the variance decompositions of the calibrated DSGE model for
aid-to-GDP level of 5.85% and 24%.

A number of interesting observations emerge from Table 5.5. First, for the benchmark model, the
TFP shock dominates other shocks in explaining output, tradable output, non-tradable output,
consumption, physical capital investment, tradable labor, non-tradable labor, and both sectors’
physical and human capital stocks fluctuations. Second, public human capital shock dominates
other shocks in explaining study hours and private human capital investment fluctuations. Third,
foreign aid shock is dominated by the TFP and public human capital sector shocks in explaining
all the variables’ fluctuations. Finally, the government expenditure shock seems to have a negligible
influence on the variables of interest fluctuations except for the non-tradable labor hours and the
relative price of non-tradable goods. However, at a higher aid-to-GDP ratio, an aid shock becomes

more influential.

In addition to the variance decomposition, I extend the analysis and examine the implications of
counterfactual cases. Table 5.6 reports the stylized facts of the model when the variances of the
TFP, aid, public human capital, and government shocks are set to zero; | compare these results to

those in the benchmark model economy, keeping other parameters fixed as in Table 5.1.

In the absence of aid, public human capital, and the government shocks there are substantial
variabilities in output, tradable output, non-tradable output, consumption, private human capital
investment, physical capital, study hours, tradable labor, and the non-tradable labor working hours
associated with the TFP shock. All the variables of interest are pro-cyclical except for the relative
price of non-tradable goods, study hours, and non-tradable labor working hours which are counter-

cyclical. This is consistent with the benchmark calibrated model.

Keeping an aid shock, while switching off other volatilities, shows how small the impact of foreign

aid is on all the macro variables’ volatilities except for the tradable labor. In fact, aid shock’s
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standard deviation (¢/) would need to be set to 1.44%", which is 5.8 times the benchmark model
level in order to produce the benchmark output volatility of 4.34% in the absence of the TFP shock.
The idea behind this is that foreign aid creates a positive income effect, causing labor working
hours to fall, leading to an initial drop in output. As a consequence, foreign aid is strongly counter-
cyclical (correlation with output is -0.94) when other shocks are absent. In addition, aid is found to
have a strong positive correlation with the relative price of non-tradable goods, the non-tradable
output, and non-tradable labor supply. Foreign aid has been found to have a strong negative
correlation with the tradable output and tradable labor supply. However, to smooth consumption
behavior, both private human capital and physical capital investment should increase; hence study
time increases. The increase in investment in both physical and human capital would have a positive

effect on output in subsequent periods due to higher labor productivity.

In a presence of only public human capital shock, there remains some amount of private human
capital investment and study time volatilities but others’ volatilities are quite low. Study hours and

private human are counter-cyclical; the rest of the variables are pro-cyclical.

Government expenditure shock alone does not contribute to any of the variables’ volatilities except
for the non-tradable output and non-tradable labor supply. All macro variables volatilities are quite
low in the presence of government shock. The variables are counter-cyclical except for the non-

tradable output, the relative price of non-tradable goods, and non-tradable labor working hours.
5.7.5- Correlated Shocks versus Uncorrelated Shocks

Two models are presented in Tables 5.2A-5.2F. The benchmark model, where aid and the TFP
shocks and aid and the government shocks are correlated, and Model A, where all the shocks are
uncorrelated. For the mean levels, both models generate the same mean levels for all the stationary
variables. The main differences between the models are in the correlation signs. For instance, there
is zero correlation between foreign aid and government expenditure in Model A, while there is a
positive correlation in the benchmark model. In Model A, aid is counter-cyclical with GDP and the
tradable output, while in the benchmark model, aid is pro-cyclical. Further, Model A overestimates
the volatilities of the tradable output and the relative price of non-tradable goods; Model A
underestimates the volatilities of the non-tradable output, consumption, and physical capital

investment.

157 Aid’s volatility equals 118%.
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5.8- The Vector Error Correction Model (VECM)?*%®

In this section, I consider a vector error correction model (VECM). The purpose of this analysis is
to see whether the observed dynamic implications of the calibrated DSGE-RBC model are
consistent with ones from a non-theoretical VECM model. | show that the VECM impulse
responses functions match well with the implications of the theoretical DSGE-RBC model. In the
short-run, 1 find evidence that foreign aid causes tradable goods price to depreciate, non-tradable
goods price to appreciate, the tradable output to decrease, and total output to decline!®®. These

empirical results are consistent with the “Dutch Disease” phenomenon.
| start with a p-variable vector autoregressive (VAR) model with k lags of the form:
Ye=Ctu+t A1y 1+ Aoy o+ Agye T & (5.34)

where y, isap x 1 vector of variables under study, 4;, i =1,2,...,k, isp X p matrix of parameters,
M is a vector of deterministic components, and & is i.i.d. (0, ). According to Granger’s
representation theorem, the VAR model given in (5.34) can be reformulated into a vector error
correction model (VECM) when there is cointegration. The VECM model incorporates short-and

long-run dynamics and can be written in the following form (Sims, 1980):
Ayp=c+u+Tly,q + X5 T Ay, + g (5.39)

where I1 = Z?=1Aj -I, andT; = - 25'7:1‘41'

The term ITy,_, captures the long-run relationship and the term Zf;ll I'; Ay,_; captures the short-

run dynamics.

I use the above model to estimate a VAR model containing five variables (i.e. p = 5): real aid in
levels (aid,), real GDP (gdp,), real tradable output (trad,), tradable price (p!), and non-tradable
price (pNT). All the variables are in logarithmic form. Tests indicate that all the data series are non-
stationary (See Tables C3.1-C3.4 in Appendix C.8). In the present VAR model, statistical tests
indicate that one lag is the optimal lag length. An inspection of the diagnostic tests for the individual
series indicates that the normality condition is violated for gdpy, trad,, p!, pNT, and aid,. To

account for this problem and to solve for the outliers problem in the above data series, a set of

1% The CVAR presented in Chapter 3 shows that in the long-run there is no evidence of “Dutch Disease” in
Kenya and it shows that there is only a transitory impact on the prices. The VECM model impulse response
functions show the short-run effects of aid on the prices. So there is no contradictions in the results presented.
1591 have not included any educational indicator due to missing data and reasons presented in Section 3.3.1.1.
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dummy variables'®® has been introduced, in addition to a step dummy variable to account for a
break in intercept for the aid data series. | introduce a transitory impulse dummy, Dtr70, defined
(,...,0,1,-1,0,...,0) to account for the drought that hit Kenya in 1970. | also introduce two
permanent impulse dummies, Dp75 and Dp96, defined as (0,....,0,1,0,....0) to account for the
inflation that affected prices in 1975 (18%) and in 1996 (42%), respectively. Finally, a step dummy,
Ds95, defined as (0,...... ,0,1,1,....,1) is added to account for the shift in the equilibrium mean?6! of

the aid series.

The formal trace test (Table C4 in Appendix C.8) has been used to determine the rank®? of the II
matrix in (5.35). The trace test and the Bartlett small sample corrected test statistic indicate a

presence of one long-run cointegration relationship.
5.8.1- Long-run Result

With a unique long-run relationship among the variables, the identification of the long-run
equilibrium (i.e. cointegration relation) is relatively direct. A cointegration relation is interpreted
as a deviation from a long-run value and corresponds to an equilibrium error. A cointegration
relation only tells us how the variables co-move over time; it does not say anything about the

causality between the variables unless the adjustment coefficients a is combined with it3,

5.8.1.1- Long-run Exclusion Test

The long-run exclusion test is performed to test whether (or not) a variable can be excluded from
the cointegration relation®*. The unique long-run relationship®® that is found in (5.35) can be

written as:

trad, = -0.223%aid, + 1.015%gdp, - 0.27*pT + 0.221*pNT - 0.326*Ds95 + 0.017*trend  (5.36)
(-6.419)***  (9.891)*** (-4.53)*** (2.707)** (-4.256)***  (2.131)**

180 All the dummy variables introduced in the model are significant as per the f-statistics in Table C6.

161 This dummy variable is accounted for the break in intercept for aid series due to the adjustment program
of IMF and the World Bank where aid declined substantially.

162 Other informal tests can be used and are more explained in the first paper. In the present paper I prefer to
use the formal test.

163 The long-run effects are more investigated in the empirical CVAR paper.

1641 have normalized on trad and not on GDP since the g of trad bears a different sign from the o of trad
meaning that normalizing on trad is preferred and it is error correcting. « and g for GDP bear the same sign
indicating that they are not error correcting.

165 Without imposing any exclusion tests. T-statistics are in parenthesis (** significant at 5%, *** significant
at 1%).
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Although the t-statistics in (5.36) imply that all the variables are significant, the variable exclusion
test should be conducted. The exclusion test if accepted means that the variable is redundant to the
long-run relation and at most have a short-run impact (Juselius, 2006). | perform an exclusion test
(exclude both prices) in the long-run relationship and the test cannot be rejected®®, suggesting that
both prices can be excluded from the long-run equilibrium and at most have a short-run impact in

the model. The new long-run relationship after excluding the prices is as follows:

trad, = -0.589%aid, + 0.722*gdp, - 1.069%*Ds95 + 0.057*trend (5.37)
(-6.464)***  (2.679)** (-6.071)%*%  (4.413)%**

The long-run cointegration in (5.37) is interpreted as the tradable output relation. The tradable
output relation tells us the co-movement of the cointegrated variables over time. For instance, there
is a negative association between aid and the tradable output, a negative association between aid
and GDP, and a positive association between the tradable output and GDP in the long-run. A
surprise finding comes from the significant negative relationship between the tradable output and
the long-run effect of the shift dummy variable (Ds95). A possible interpretation of the negative
relationship of the shift dummy is that the tradable output was higher before cutting foreign aid to

Kenya and lower after 1995.
5.8.2- The VECM Results

The VECM in (5.35) is estimated with an optimal lag length of one. As a result of only one lag, the
term Zf:_f I'; Ay;_; has vanished and the short-run dynamics of the VECM model can be captured
by the impulse response functions. The results of the VECM model are presented in Table 5.7 and
the impulse response functions of aid, GDP, tradable output, tradable price, and non-tradable price

to a one-positive-standard deviation of the variables’ shock are presented in Figure 5.4.

In the growth rate of foreign aid*®” equation, the constant term is positive and significant implying
that there are omitted variables in the model. The dummy variables have no impact on aid, while
the tradable output long-run relation which is represented by the error correction term (ECT(-1))
has a strong negative influence on the growth rate of foreign aid. The error correction term
coefficient bears the correct negative sign, suggesting that foreign aid is adjusting®®® to its long-run

equilibrium after the shock!®®. The growth rates of GDP and the tradable output have been

166 The x(2)? = 3.707 with p-value = 0.1507 (Bartlett sample correction).
167 Aid equation (Equation 1 in Table 5.7).

168 The speed of adjustment for aid is approximately 21 months.

189 Changes in the cointegration relation variables.
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negatively affected by the drought that hit Kenya in 1970. The transitory impulse dummy (Dtr70)
coefficient is negative and significant in both GDP and the tradable output growth equations. The
error correction term is negative and significant in the GDP growth equation, whereas in the

tradable output growth equation, it is not significant although it bears the correct sign.

Turning into the prices of tradable and non-tradable goods, Dtr70 and Dp96 have positive and
significant impacts on both prices, suggesting that during the drought in 1970 and the high inflation
in 1996 both tradable and non-tradable prices went up. Inflation in 1975 only affects the non-
tradable price. Although the error correction term in the tradable price bears the correct sign, it is
not significant. Whereas, the coefficient of the error correction term in the non-tradable price bears
the incorrect sign and it is significant. One interpretation for the incorrect sign'’ is that the growth
rate of non-tradable price is increasing due to any changes in the error correction term (i.e. the
tradable output long-run relationship) presented as (trad; + 0.589*aid, - 0.722*gdp, +
1.069*Ds95 - 0.057*trend). To decrease the growth rate for non-tradable goods price, thus either

foreign aid should decrease, or GDP should increase, or both.
5.8.2.1- The VECM Impulse Response Functions

Figure 5.4 presents the impulse responses of the VECM model presented in (5.35). In the Cholesky
decomposition, the shocks are orthogonalized in the following order: the log of tradable output
(trad), the log of foreign aid (aid), the log of GDP (gdp), the log of tradable goods price (PT), and
the log of non-tradable goods price (PNT). The results closely reflect the predictions of the
calibrated DSGE-RBC model as | observe the following. First, a positive one-standard-deviation
of the aid shock results in tradable goods price depreciation and in non-tradable goods price
appreciation. Consequently, there is a decline in the tradable output followed by a decline in total
GDP. This is exactly what happens in the responses for the relative price of non-tradable goods,
the tradable output, and the total output in the two-sector DSGE-RBC model.

Second, a positive one-standard-deviation of the GDP shock results in an increase in the tradable
output, an appreciation in tradable goods price, and a depreciation in non-tradable goods price. This
is also consistent with the impulse responses of the productivity shock in the two-sector DSGE-
RBC model. Third, the impulse responses of the tradable output and GDP act differently to the
shocks of the tradable and non-tradable goods prices. For instance, a positive one-standard-

deviation of the tradable price shock has a positive impact on the tradable output as well as on GDP.

170 The incorrect sign cannot be interpreted as divergence from equilibrium as the PNTis not entered in the
error correction term. See the impulse response functions for the PNT; no IRF is diverging (Figure 5.4).
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Whereas, a positive one-standard-deviation of non-tradable price has a negative impact on the
tradable output and GDP. The observed “Dutch Disease” phenomenon features that are found in
the VECM is consistent with the theoretical specifications included in the two-sector DSGE-RBC
model in the short-run. The VECM results here do not contradict the CVAR results presented in
Chapter 3 for Kenya for the following reasons. First, VECM impulse response functions show the
short-run effects of aid on the variables, while the CVAR model shows the effects of the cumulated
shock of foreign aid on the variables. Second, the CVAR model shows that there is only a transitory
effect on tradable price (negative, but not significant) and on non-tradable price (positive, but not
significant) which matches the behavior of the VECM impulse response functions for the prices.
Third, VECM impulse response functions and CVAR results coincide on the negative impact of
aid on the tradable output and GDP.

5.9- Conclusion

This chapter uses a dynamic stochastic general equilibrium model to evaluate the effectiveness of
foreign aid and its volatility on the economy. | study the business cycle implications on GDP’s
composition, the relative price of non-tradable goods, private human capital investment, study
hours, and working hours, in addition to consumption and physical capital investment. In an attempt
to understand the role of foreign aid on the macro economy in a context of “Dutch Disease”, |
extend the one-sector DSGE-RBC model into two-sector DSGE-RBC model. | use it to investigate
the interaction between foreign aid and economic activities incorporating the role of the “Dutch
Disease” mechanism. The calibrated model is able to replicate the major macroeconomic key

relationships observed in the Kenyan data.

The analysis yields several results, first of all, a positive aid shock has a positive effect on the
relative price of non-tradable goods. The relative price of non-tradable good appreciation
reallocates the available resources from the human capital intensive tradable sector to the physical
capital intensive non-tradable sector, causing the former sector to shrink. The model suggests that
a 1% increase of aid-to-GDP level is associated with a 0.7% decrease in tradable output-to-GDP
level. A consequential result is a reduction in tradable labor, tradable human capital, and tradable
physical capital. The reduction in the human capital intensive tradable sector has a negative
implication on the return for education. On the other hand, there is an increase in non-tradable

labor, non-tradable human capital, and non-tradable physical capital.
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Second, the effect of foreign aid injections depends on the magnitude of the persistence level of the
aid shock. In the benchmark model, an aid shock has a positive impact on private human capital
investment and study time. However, increasing the aid shock persistence level (to 0.90 and up),
the positive income effect of aid reduces the representative agent’s incentive to invest in human
capital and decreases the time devoted to acquire new skills (below the steady state) compared to
the benchmark model. The representative agent adjusts his investment decision to acquire human
capital in response to a shock of foreign aid to achieve his utility maximization objectives. The
more temporary the aid shock, the higher the agent’s incentives to invest in human capital and time

devoted to study and vice versa.

Third, lowering the volatility of foreign aid to half, would have a positive implication on private
human capital investment and time devoted to study. Decreasing the volatility of aid is equivalent
to lowering aid level. This result suggests that the donors should focus on lowering the volatility of
aid rather than just the level of aid. Fourth, the marginal productivity of study hours is positively
affected by the TFP, public human capital, and government expenditure shocks, while it is
negatively affected by an aid shock. Fifth, as foreign aid increases, aid becomes an increasingly
dominant influence on the macro economy. At a higher aid-to-GDP level, the representative agent

enjoys more leisure time at the expense of reducing total labor working and studying times.

Finally, | have used an empirical VECM analysis to determine how well the theoretical two-sector
DSGE-RBC model does in matching the observed facts in the Kenyan economy that receive a
substantial amount of foreign aid. | find that foreign aid has a negative implication on the tradable
output as well as on the total output. In addition, | find evidence of “Dutch Disease” resulting from
aid injections; aid injections result in a depreciation of tradable goods price and an appreciation in
non-tradable goods price in the short-run. The VECM results suggest that the aid level should

decrease to Kenya as non-tradable goods price diverges from its long-run equilibrium.
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Table 5.1: Calibration for the benchmark model

Parameters

value Source

Tradable Physical capital share

Non-tradable physical capital share

Schooling time share in human capital production

Private human capital share in human capital production
Discount factor

Weight of leisure

Cost adjustment parameter

Physical capital depreciation rate

Human capital depreciation rate

Coefficient used to determine elasticity of substitution
Coefficient used to determine elasticity of sub. in Ph. cap function
Coefficient used to determine elasticity of sub. in H. cap function
Weight of tradable consumption in CES function
Autocorrelation coefficient of productivity in tradable sector
Autocorrelation coefficient of productivity in non-tradable sector
Autocorrelation coefficient of foreign aid inflow
Autocorrelation coefficient of Gov. human capital investment
Autocorrelation coefficient of government expenditure
Correlation between aid and TFP shocks

Correlation between aid and government expenditures

Tradable sector technology

Non-tradable sector technology

Human capital technology

Public human capital parameter

Government expenditure parameter

Foreign aid parameter

Standard deviation of productivity shocks in tradable sector
Standard deviation of productivity shocks in tradable sector
Standard deviation of public human capital shock

Standard deviation of government expenditure shock

Standard deviation of foreign aid shock

19n

of

0.35
0.45
0.7

0.1
0.95
1.45

3

0.05
0.035
0.316
-11
-2.2
0.24
0.81
0.81
0.71
0.81
0.81
0.50
0.25

1

1.61

1
0.277
0.585
0.153
0.0473
0.0473
0.1055
0.092

0.248

Kenyan data
Kenyan data
Calibrated
Calibrated
Avrellano et. al (2009
Calibrated

GPU ***x

Arellano et. al (2009
JF**

Ostry & Reinhart*
Mendoza & Uribe*
Cardi & Restout*
Calibrated

RBC Standard
RBC Standard
Kenyan Data

RBC Standard
RBC Standard
Calibrated
Calibrated
Normalized
Calibrated
Normalized
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated

Kenyan Data

(***) Garcia-Cicco et al. (2010): 95% confidence interval < 4.9 with median 3.3; (**) Jorgenson
and Fraumeni (1989); (*) Ostry and Reinhart (1992), Mendoza and Uribe (2000), Cardi and Restout

(2015);
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Table 5.2A: Data and the references of the benchmark model
(Means)

Targeted Means Kenyan Benchmark Model

Data Model A

Tradable output-to-GDP 0.3808 0.3830 0.3830
Non-tradable output-to-GDP 0.6192 0.6170 0.6170
Non-tradable-to-tradable output 1.6420 1.6229 1.6229
Government human capital investment-to-GDP 0.0538 0.0539 0.0539
Government human capital investment-to-income 0.0506 0.0509 0.0509
Private human capital investment-to-GDP 0.0234 0.0235 0.0235
Private human capital investment-to-income 0.0221 0.0222 0.0222
Private human capital-to-consumption 0.0340 0.0352 0.0352
Government expenditure-to-GDP 0.1131 0.1143 0.1143
Government expenditure-to-income 0.1065 0.1080 0.1080
Aid-to-GDP 0.0585 0.0585 0.0585
Other Means

Consumption-to-GDP 0.6643 0.6672 0.6672
Consumption-to-income 0.6255 0.6305 0.6305
Physical capital investment-to-GDP 0.2075 0.1996 0.1996
Physical capital investment-to-Income 0.1955 0.1884 0.1884
Working Time NA 0.3422 0.3422

Table 5.2B: Data and the references of the benchmark model
Standard Deviations

GDP 0.0434 0.0434 0.0434
Tradable output 0.0251 0.0781 0.0829
Non-tradable output 0.0616 0.0273 0.0243
Relative price of non-tradable goods 0.0606 0.0043 0.0048
Consumption 0.0495 0.0356 0.0321
Physical capital investment 0.1079 0.1384 0.1263
Private human capital investment NA 0.1059 0.1046
Exogenous Variables

Government expenditure 0.0794 0.0794 0.0790
Public human capital investment 0.0892 0.0894 0.0898
Aid 0.2235 0.2027 0.1988

All series are filtered with one sided HP filter with A =100; Income = GDP + aid; the variables are
calculated in terms of tradable goods in data and models; GDP = YT + pN yV
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Table 5.2C: Data and the references benchmark model
Correlations with GDP

Tradable output 0.6368 0.96 0.97
Non-tradable output 0.9783 0.87 0.84
Relative price of non-tradable goods 0.7438 -0.69 -0.74
Consumption 0.7179 0.95 0.91
Physical capital investment 0.6626 0.95 0.93
Private human capital investment NA 0.15 0.10

Table 5.2D: Data and the references of benchmark model
Correlations with Aid

GDP 0.6145 0.46 -0.06
Tradable output 0.2388 0.30 -0.18
Non-tradable output 0.6402 0.65 0.22
Relative price of non-tradable goods 0.4764 -0.08 0.20
Consumption 0.2784 0.55 0.20
Physical capital investment 0.4789 0.57 0.16
Government expenditure 0.2503 0.25 0.02
Private human capital investment NA 0.19 0.08

Table 5.2E: Data and the references of the benchmark model
Correlations with public human capital

GDP 0.3554 -0.14 -0.14
Tradable output 0.4893 -0.24 -0.23
Non-tradable output 0.7191 0.06 0.08
Relative price of non-tradable goods 0.5261 0.19 0.19
Consumption 0.5052 -0.25 -0.27
Physical capital investment 0.4659 -0.28 -0.31
Private human capital investment NA 0.94 0.95

Table 5.2F: Data and the references of the benchmark model
Correlations with government expenditure

GDP 0.5759 0.08 0.09
Tradable output 0.3939 -0.14 -0.10
Non-tradable output 0.5700 0.47 0.48
Relative price of non-tradable goods 0.5088 0.50 0.44
Consumption 0.3685 -0.09 -0.16
Physical capital investment 0.4051 -0.02 -0.06
Private human capital investment NA 0.01 -0.02

All series are filtered with one sided HP filter with A =100; Income = GDP + aid; the variables are calculated
in terms of tradable goods in data and models; GDP = YT + pN YV
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Table 5.3: Foreign aid sensitivity simulations

Benchmark Aid-to-GDP percentage is equal to

Means Model 0% 12% 18% 24%
Tradable output-to-GDP 0.3830 0.4250 0.3388 0.2961  0.2530
Non-tradable output-to GDP 0.6170 0.5750 0.6612 0.7039  0.7470
Non-tradable-to-tradable output 1.6229 1.3616 19718 24180 3.0372
Consumption-to-GDP 0.6672 0.6222 0.7143 0.7603  0.8051
Consumption-to-income 0.6305 0.6222 0.6380 0.6446  0.6500
Tradable consumption-to-GDP 0.2185 0.2041  0.2334 0.2480  0.2622
Relative price of non-tradable goods 0.5360 0.5298 0.5423 0.5482  0.5543
Physical capital investment-to-GDP 0.1996 0.1973 0.2022 0.2052  0.2076
Physical capital investment-to-income 0.1884 0.1973 0.1800 0.1731  0.1663
Private human capital investment-to-GDP 0.0235 0.0236  0.0233 0.0231  0.0230
Private human capital investment-to-income  0.0222 0.0236  0.0208 0.0196  0.0186
Tradable labor hours 0.1449 0.1666  0.1237  0.1047  0.0868
Non-tradable labor hours 0.1973 0.1905 0.2039 0.2099 0.2158
Total labor hours 0.3422 0.3571 0.3276  0.3146  0.3026
Study hours 0.0953 0.0994 0.0914 0.0877  0.0846
Tradable-to-non-tradable physical capital 0.9359 0.9509 0.9196 0.9031  0.8851
Tradable-to-non-tradable human capital 0.8693 0.9412  0.7967 0.7281  0.6595
Standard deviations

GDP 0.0434 0.0429  0.0441 0.0449  0.0457
Aid 0.2027 NA 0.2027  0.2027  0.2027
Tradable output 0.0781 0.0764 0.0956  0.0982 0.1221
Non-tradable output 0.0273 0.0250 0.0297 0.0324  0.0353
Consumption 0.0356 0.0335 0.0382 0.0408  0.0440
Physical capital investment 0.1384 0.1309 0.1475 0.1568 0.1677
Private human capital investment 0.1059 0.1028 0.1098 0.1136  0.1179
Tradable labor hours 0.0468 0.0433 0.0589 0.0803 0.1122
Non-tradable labor hours 0.0199 0.0196 0.0199 0.0204  0.0206
Study hours 0.0985 0.0969 0.1009 0.1032  0.1056
Tradable physical capital 0.0152 0.0143 0.0165 0.0183 0.0210
Non-tradable physical capital 0.0152 0.0147 0.0161 0.0171  0.0181
Tradable human capital 0.0199 0.0178 0.0246  0.0320  0.0440
Non-tradable human capital 0.0135 0.00143 0.0144 0.0158 0.0177
Relative price of non-tradable goods 0.0043 0.0044 0.0046  0.0054  0.0062
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Table 5.4: Impacts of changing aid’s

volatility
Aid Volatility

Benchmark % % %
Variable's Mean Model 0% change 10% change 40% change
GDP 2.82157 2.86014 1.37% 2.82738 0.21% 2.79731 -0.86%
Tradable output 1.08762 1.11372 2.40% 1.09577 0.75% 1.05609 -2.90%
Non-tradable output 1.73395 1.74642 0.72% 1.73161 -0.14% 1.74122 0.42%
Relative price 0.53605 0.5356 -0.08% 0.53584 -0.04% 0.53696 0.17%
Consumption 1.88194 1.90105 1.02% 1.87877 -0.17% 1.8913 0.50%
Physical capital investment 0.57132 0.57697 0.99% 0.57134 0.01% 0.56962 -0.30%
Private human cap. investment 0.06601 0.06708 1.63% 0.0661 0.13% 0.06553 -0.72%
Study hours 0.09535 0.09566 0.32%  0.0955 0.15% 0.09474 -0.64%
Tradable working hours 0.14491 0.14639 1.02% 0.14587 0.67% 0.14114 -2.60%
Non-tradable working hours 0.1973 0.19637 -0.47% 0.19704 -0.13% 0.19838 0.55%
Table 5.5: Variance decomposition

Shocks
aid-to-GDP = 5.85% aid-to-GDP = 24%
tfp aid hgczvp gov tfp aid hgctglp gov

GDP 9556 021 316 1.07 |8887 6.29 313 171
Tradable output 8781 449 711 059 | 356 5757 6.08 0.75
Non-tradable output 7396 7.69 123 17.13| 59.8 29.47 0.8 9.93
Consumption 90.72 1.2 6.32 1.75 | 7753 17.35 381 1.32
Physical capital investment 895 09 936 018 | 8216 124 531 0.14
Private human capital investment 96 033 899 017 |1455 455 80.78 0.12
Tradable labor hours 60.93 15.22 23 085 | 843 8312 785 059
Non-tradable labor hours 49.63 822 011 42.04|36.82 2321 0.04 39.93
Study hours 015 0.2 9958 0.07 | 041 242 9713 0.04
Relative price of non-tradable goods  61.44 1247 574 2034 | 241 6188 3.17 10.84
Tradable physical capital 8651 273 997 079 | 60.7 3374 478 0.78
Non-tradable physical capital 88.83 094 982 041 |8211 1128 6.33 0.28
Tradable human capital 494 1128 3368 564 |11.73 7231 1324 273
Non-tradable human capital 57.08 12.69 2357 6.66 |11.96 7219 1299 286

135



Table 5.6: The benchmark model and the shocks

Shocks
ov

Model tip aid hgcap gov
Standard Deviation
GDP 0.0434 0.0427 0.0038 0.0084 0.0046
Tradable output 0.0781 0.0690 0.0172 0.0211 0.0063
Non-tradable output 0.0273 0.0210 0.0048 0.0037 0.0114
Consumption 0.0356 0.0307 0.0061 0.0092 0.0047
Private human capital investment 0.1059 0.0297 0.0090 0.0996  0.0046
Physical capital investment 0.1384 0.1207 0.0179 0.0418 0.0061
Relative price of non-tradable good 0.0043 0.0040 0.0011 0.0013 0.0020
Tradable labor 0.0469 0.0461 0.0198 0.0220 0.0045
Non-tradable labor 0.0199 0.0149 0.0020 0.0009 0.0132
Study hours 0.0985 0.0065 0.0063 0.0975 0.0029
Correlations with GDP
Tradable output 0.96 0.99 0.99 0.96 -0.99
Non-tradable output 0.87 0.99 -0.94 0.24 0.99
Consumption 0.95 0.99 -0.93 0.92 -0.99
Private human capital investment 0.15 0.99 -0.97 -0.75 -0.99
Physical capital investment 0.95 0.99 -0.98 0.93 -0.99
Relative price of non-tradable good -0.69 -0.97 -0.99 0.05 0.99
Tradable labor 0.86 0.98 0.98 0.89 -0.99
Non-tradable labor -0.62 -0.99 -0.99 0.27 0.99
Study hours -0.20  -0.99 -0.99 -0.78 -0.99
Correlations with aid
GDP 0.46 NA -0.94 NA NA
Tradable output 0.30 NA -0.96 NA NA
Non-tradable output 0.65 NA 0.96 NA NA
Consumption 0.55 NA 0.95 NA NA
Private human capital investment 0.19 NA 0.93 NA NA
Physical capital investment 0.57 NA 0.94 NA NA
Relative price of non-tradable good -0.08 NA 0.95 NA NA
Tradable labor 0.08 NA -0.96 NA NA
Non-tradable labor -0.11 NA 0.97 NA NA
Study hours 0.01 NA 0.92 NA NA
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Table 5.6: continued
Correlations with public human capital

Tradable output -0.24 NA NA -0.84 NA
Non-tradable output 0.06 NA NA 0.52 NA
Consumption -0.25 NA NA -0.90 NA
Private human capital investment 0.94 NA NA 0.99 NA
Physical capital investment -0.28 NA NA -0.88 NA
Relative price of non-tradable good 0.19 NA NA 0.65 NA
Tradable labor -0.44 NA NA -0.92 NA
Non-tradable labor -0.02 NA NA -0.69 NA
Study hours 0.98 NA NA 0.99 NA
Correlations with government
Tradable output -0.14 NA NA NA -0.98
Non-tradable output 0.47 NA NA NA 0.99
Consumption -0.09 NA NA NA -0.99
Private human capital investment 0.01 NA NA NA -0.97
Physical capital investment -0.02 NA NA NA -0.97
Relative price of non-tradable good 0.50 NA NA NA 0.99
Tradable labor -0.22 NA NA NA -0.97
Non-tradable labor 0.70 NA NA NA 0.99
Study hours 0.01 NA NA NA -0.94
Table 5.7: VECM Results
Variable Equation 1 Equation2  Equation3  Equation4  Equation 5
Aaid Agdp Atrad APT APNT

Constant  11.916 1.361 0.898 0.150 -1.859

(3.867)*** (3.056)***  (1.607) (0.121) (-2.522)**
Dtr70 -0.135 -0.118 -0.120 0.129 0.105

(-0.970) (-5.902)***  (-4.741)***  (2.293)** (3.166)***
Dp75 -0.169 -0.046 0.011 -0.066 0.110

(-0.850) (-1.617) (0.312) (-0.818) (2.308)**
Dp96 -0.074 0.044 0.037 0.387 0.122

(-0.323) (1.339) (0.904) (4.180)***  (2.225)**
ECT(-1) -0.575 -0.064 -0.042 -0.003 0.095

(-3.846)*** (-2.954)***  (-1.544) (-0.048) (2.634)**

t-Statistics in parenthesis; *** ** * significant at 1, 5, and 10%, respectively

F-Stat for Dtr70 = 7.856 with p-value = 0.000; F-Stat for Dp95 = 4.227 with p-value = 0.003;
F-Stat for Dp96 = 5.291 with p-value = 0.001.

137



Figure 5.1: Impulse responses to a positive one-standard-deviation foreign aid shock
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Figure 5.2: Impulse responses to a positive one-standard-deviation public human capital shock
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Figure 5.3: Sensitivity analysis for aid impact on selected variables at different aid shock persistence levels
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Figure 5.4: The VECM impulse response functions
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Chapter 6

Conclusion

This dissertation investigated the effect of foreign aid on the economies of 22 sub-Saharan
countries. In particular, | examined the impact of foreign aid on GDP, tradable and non-tradable
outputs, private human capital investment, and time devoted to acquire new skills. The analysis
employed both empirical estimation methods as well as simulations of calibrated theoretical
models. Though the analyses based on these different methodological approaches stand on their
own, they together shed more light on the effects of foreign aid. This conclusion briefly highlights

the main findings of the dissertation, particularly from the perspective of policy.

The empirical estimation analysis was developed in Chapter 3. A cointegrated vector autoregressive
analysis (CVAR) was used to estimate the long-run impact of foreign aid on GDP and its
components tradable and non-tradable outputs, for 22 sub-Saharan African countries. The CVAR
methodology used in the study made it possible to identify the long-run effects, without imposing
strong statistical priors. Examining tradable and non-tradable sectors made it possible to identify
the key mechanism behind the so-called “Dutch Disease”. My empirical analysis used a CVAR
approach for each country individually, after taking into consideration extraordinary events. The
results suggested that a positive shock to foreign aid had a negative and persistent impact on GDP
in eight SSA countries, on the tradable output in 16 SSA countries, and on the non-tradable output
in five SSA countries. In addition, | found that a positive shock to foreign aid had a positive and
persistent impact on GDP in only three SSA countries, on the tradable output in four SSA countries,
and on the non-tradable output in six SSA countries. However, the shrinkage in GDP and in the
tradable output was not linked to the “Dutch Disease” mechanism. | could not find evidence that
an aid shock caused tradable goods price to depreciate and non-tradable goods price to appreciate

in the long-run.

The analyses using theoretical dynamic stochastic general equilibrium — real business cycle —
(DSGE-RBC) models were developed in Chapters 4 and 5. These models were calibrated to match
the Kenyan economy for the 1970-2014 period. Chapter 4 developed a one-sector DSGE-RBC
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model, which distinguishes between physical and human capital and allows for labor-leisure
choice. In this model, initially, a positive shock to foreign aid had a negative impact on labor supply
and output. However, due to the positive income effect, it had a positive effect on physical and
human capital investment and time spent studying. Thus, labor productivity and output increase in
subsequent periods. In addition, lowering the volatility of aid had a positive and significant impact

on human capital investment, time devoted to study, and welfare.

To investigate the role of foreign aid on the GDP’s composition through the “Dutch Disease”
mechanism, | extended the one-sector DSGE-RBC model into a two-sector DSGE-RBC model that
has a tradable goods sector and a non-tradable goods sector. In Chapter 5, | examined the business
cycle implications of foreign aid on the relative price of non-tradable goods, GDP’s composition,
private human capital investment, and time devoted to acquire skills. A positive shock to foreign
aid had a positive effect on the relative price of non-tradable goods, leading to a reallocation of
resources from the tradable to non-tradable sector, causing the tradable output and GDP to shrink.
This finding is consistent with the “Dutch Disease” phenomenon. Moreover, | found that a positive
shock to foreign aid raises private human capital and physical capital investment as well as time
devoted to study. Thus, over time labor productivity increases, leading to an increase in total
production. Further, decreasing the volatility of aid increased private human capital investment and
study hours, suggesting that policymakers should focus on reducing the volatility of foreign aid and
not only focus on the level of aid. Finally, a vector error correction model (VECM) analysis
provided results that are consistent with the dynamics of the DSGE-RBC model.

The main results of the empirical estimation suggest that foreign aid had not been beneficial in the
long-run to the tradable sector as well as to the total output in the majority of SSA countries under
study. However, in the theoretical analysis, a shock to foreign aid had a positive impact on human
capital accumulation as it increased investment in human capital and time devoted to acquire new
skills. Hence, labor productivity increases, leading to an increase in total production over time.
From a policy perspective point of view, DSGE-RBC models suggest that donors should first focus
on decreasing the volatility of aid, before considering decreasing the mean level of foreign aid. If
the donors provide aid in a predictable pattern, there would be a significant positive effect on human

capital accumulation and welfare.

In future research, 1 would like to extend my empirical work and identify the mechanisms behind
the shrinkage of the tradable sector in SSA countries. To do this, | need to integrate other

mechanisms into the model. For example, food aid may be differentially impacting the agricultural
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sector. Including other dimensions such as trade flows (imports and exports) and monetary
variables would generalize the analysis and make it more comparable with the literature. In
addition, I would like to investigate in more depth the reasons behind the positive impact of foreign

aid on the tradable sector in the four SSA countries.

Regarding extensions to the calibrated DSGE-RBC model, | would like to incorporate the role of
the Central Bank in mitigating the appreciation of the real exchange rate as well as the role of the
government debt and its effect on growth. Further, | would like to investigate the impact of foreign
aid and its volatility on educational attainment, enrollment, and health outcomes in developing

countries.
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Appendix A: The CVAR Model

A.1- SSA Countries not included in the Study and Dummy Variables

Table Al: SSA countries not included in the study

Country Reasons for non-inclusion

Angola No data available for the tradable sector

Chad Data for the tradable sector in constant prices start in 2007
Cote d'lvoire Missing data for manufacturing sector and no constant prices
Comoros Aid is stationary

Congo Rep. Aid is stationary

Congo (Dem. Rep. of) Data for manufacturing sector starts in 1996

Djibouti Data missing for tradable sector

Equatorial Guinea
Eritrea

Gabon

Ghana

Guinea
Guinea-Bissau
Liberia

Mauritius
Mozambique
Namibia

Niger

Nigeria

Sao Tome and Principe
Somalia

South Africa
Swaziland
Tanzania

Zambia
Zimbabwe

Data for the tradable sector starts in 2006

Data missing for the tradable sector

Negative aid in 2003

Data for the tradable sector in constant prices starts in 2006
Data for the tradable sector starts in 1988

Data for the tradable sector starts in 2000

Data for the tradable sector starts in 2000
Negative aid in 2003

Data on the tradable sector starts in 1985

Aid is stationary

Data in constant prices available in 2006
Aid/GDP < 1% and normality condition violation
Data for the tradable sector starts in 2001

Data Missing

Aid data available in 1993

Aid is stationary

Data for the tradable sector starts in 1990

Prices are 1(2)

A fundamental structural break in 2001 and 2008 and poor quality data
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Table A2: Ease of doing business rank

Country World Ranking
Rwanda 41
Kenya 80
Botswana 81
Seychelles 95
Lesotho 104
Malawi 110
Uganda 122
Cape Verde 127
Senegal 140
Mali 143
Gambia, The 146
Burkina Faso 148
Mauritania 150
Benin 151
Togo 156
Sierra Leone 160
Ethiopia 161
Madagascar 162
Cameroon 163
Burundi 164
Sudan 170
Central African Rep. 184
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Table A3: Dummy variables and reasons for inclusion

Country Dummy  Reason Impact on
Benin Dp75 tI;/elagr;::st-Lenlnlst regime GDP
Dp77 Inflation 65% Tradable price
Ds82 Oil production started Tradable output
Dp83 Oil production started GDP
Dp94 Inflation 35% Prices
Botswana Dtr08 Aid increased from USA Aid
Burkina Faso  Dtr00 World Bank implements 5-year structural ~ Aid
adjustment program for foreign aid in
1999
Burundi Ds93 Assassination of the Burundi President GDP, aid and
tradable output
followed by massacre and violations
Dp96 Substantial drop in foreign aid after the Aid
1996 coup (economic
embargo)
Dp97 Inflation 33% Non-tradable price
Cameroon Dp67 Second five socio-economic plan and the  GDP
creation of extension service
demonstration plots
Ds76 Discovery of oil in 1976 and exports GDP
of agricultural products
increased
Dp78 Production of oil started GDP
Dtr80 Petroleum sector and steady increase Tradable output
in agricultural output
Dp82 Fifth economic plan Tradable output
Ds87 bCeaé?ﬁ;oon economic crises GDP
Dp93 Inflation 23% Prices
Dtr06 Aid increased as Cameroon signed Paris  Aid
Declaration on Aid Effectiveness (2005)
Cape Verde Dp87 Aid dropped due to American sanctions  Aid
Dp93 Inflation 50% Non-tradable price
Dtrend94 Inflation average before 1993 was 10% Tradable price
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Central Africa

Ethiopia

Gambia

Kenya

Lesotho

Madagascar

Dtr93

Dpl0

Dp85
Ds96

Dp85
Dp91
Dp92
Ds97

Dp81
Dp85
Dp86
Ds91

Dtr70
Dp75
Ds95
Dp96

Ds78

Dtr79

Dp82
Dp99

Ds90
Dp94

Dp97

Ds01
Dp04

and dropped to an average of 1%
afterward

Inflation dropped from 50% in 1993
to -30% in 1994

Aid increased as a result of signing
second

Millennium Challenge Corporation
(MMC)

Inflation 35% and dropped to -4% in
1986

Aid decreased due to ethnic tensions

Drought and famine

Inflation increased from 3 to 20%
Civil War

Inflation dropped from 13 to 0%

Coup attempt
Inflation 40%
Inflation 39%
USA cut aid to Gambia

Drought

Inflation 18%

IMF regulations to cut aid
Inflation 42%

LLA militants launched an insurgency

against the government of Lesotho in
1978

Inflation jumped from 2.5 to 42%
then return t012%
Inflation increased from -5 to 12%

Aid increased to meet UN millennium
goals

Tourism went down due to civil unrest
Inflation 42%

IMF structural adjustment

program

Drought and civil unrest

Aid increases to support new government

after political instability

Non-tradable price

Aid

Prices
Aid

Tradable output
Prices

GDP

Non-tradable price

Tradable output
Prices

Prices

Aid

GDP

Non-tradable price
Aid

Prices

GDP and tradable
output

Non-tradable price

Tradable price
Aid

GDP
Prices

Aid
Tradable output
Aid

161



Malawi

Mali

Mauritania

Namibia

Rwanda

Senegal

Seychelles

Sierra Leone

Dtr79

Dp92

Dtr93
Dp02

Ds72
Dp80
Dp94

Dpo1

Ds91
Ds02
Dp03

Dp93
Ds94
Dtr95

Dp97
Dp99

Dp83

Dp94
Dp04

Dtr02

Ds04
Dp08
Dp09

Dp87
Dp90

Dp96

Inflation decreased from 13 to 0%
and then raised to 16%

Drought

Drought
Inflation 112%

Aid increased due to drought
Outlier
Inflation 40%

Inflation 42%

Aid decreased

Trend break in non-tradable
price

Outlier

Outlier due to 1994 Genocide
1994 Genocide

Inflation increased from 17 to 52%
in 1995 and then dropped to

10%

Aid dropped after the 1994 Genocide
Inflation dropped from 16 to -

7%

Casamance conflict started

1982

Inflation 35%

Aid increased to finance the trade deficit

of $1.4 billion USD

Aid increased to meet UN's
MDGs

Inflation 25%
Inflation 35%
Inflation 28%

Inflation 165%
Inflation 128%

Inflation dropped from 30 to
2%

Prices

GDP and tradable
output
GDP and tradable
output
Prices

Aid
Non-tradable price
Prices

Prices

Aid
Non-tradable price

Tradable price

GDP

GDP and tradable
output

Prices

Aid

Tradable price

GDP and tradable
output
Prices

Aid

Aid
Non-tradable price

Non-tradable price
Tradable price

Tradable price
Non-tradable price

Prices
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Dtrend01  Civil war ended and GDP growth rate GDP
on average jumps from 1 to

7%
Sudan Dp88 Inflation 80% Tradable price
Dtr89 Drought Tradable output
Sudan relation with the World Bank and .
Dp92 IMF soured Aid
as its debt increased to a high level and
aid dropped
Dp93 Inflation 100% Prices
Dp94 Inflation 115% Prices
Togo Dtr83 Inflation dropped from 15 to 1.5% Tradable price
Dp93 Political uprest (public and private GDP
sectors strikes)
Dp97 Inflation dropped from 12 to Non-tradable price

25%
Dtrend03  EU cut aid due to human rights violations  Aid
in 1993 and in 2003 aid was resumed

Dp09 Floods affects the agricultural sector Tradable output
Dp12 Aid qlecreased due to political unrest after Aid
elections
Uganda Dtrend93 GDP deflator averages 94% (1982-1992) Aid

and 9% afterward

A.2- Aid, “Dutch Disease” Mechanism, and Exports Competitiveness

The transfer of aid funds from a donor’s country to a developing country may reduce the impact of
aid on growth and development. Large injections of aid funds may result in an aid-induced “Dutch
Disease” that can have negative effects on a recipient country’s economy. Many factors play a role
in determining the real exchange rate such as: trade balance!’, government intervention, and the
Central Bank.

I begin with an example as an illustration of the effect of increasing supply and demand of a
particular good. Suppose that demand for good “X” which is produced in country “A” increases.
This increase in world demand for good “X” increases its exports, leading to an appreciation of the

real exchange rate of country “A” that has negative effects on the exports of other goods in country

171 Trade balance = Exports - Imports
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“A”. The effect on total exports depends on the expansion of good “X” exports and the shrinkage
of other goods’ exports. The appreciation of the real exchange rate in country “A” would make

imports cheaper, thus imports would increase.

The changes in exports and imports have effects on country’s “A” trade balance. These changes
depend on 3 forces: expansion of good “X” exports, shrinkage of other goods’ exports, and the
increase in imports. Thus, there exist a relationship between country’s “A” income and the trade
balance, which can be summarized in three cases: First, in the case of trade surplus, country’s “A”
GDP would increase. Second, in the case of trade neutral, country’s “A” GDP would stay the same.
Third, in a case of trade deficit, country’s “A” GDP would decrease. In the latter case, the value of
country’s “A” imports exceeds the value of country’s “A” exports, thus the nominal exchange rate
would rise (i.e. the domestic currency depreciates). This makes imports for country “A” more
expensive to domestic residents and exports cheaper to foreigners. Hence, country’s “A” exports

would rise and its imports fall until the trade is balanced.

The amount and the speed of adjustment depend on the elasticity of exports and imports. This
approach is called the trade or elasticity approach; it measures how much is the responsiveness of
imports and exports to a change in the price (the exchange rate). The magnitude of domestic
currency depreciation depends to some extent to the country’s employment level. If country “A” is
near full employment, then a larger depreciation of the domestic currency is required to shift the
domestic resources to the production of imports’ substitutes (Salvatore, 2012). Moreover, the effect
of the real exchange appreciation seems to have an impact on GDP’s composition depending on
the elasticity of goods’ demands. For instance, if the world demand for other goods in country “A”
is very elastic, then total exports would decrease; if the demand for importable goods is very elastic,

then imports would increase. Thus, the tradable output share would shrink.

Further, country “A” cannot permit its trade deficit for a long-period of time, since it cannot expand
its external debt continually. The time would come and country “A” should pay its obligations; at

that time, the price level should be reduced to service its external obligations.

The “Dutch Disease” hypothesis is usually associated with the flows of foreign aid to the recipient
country. Thus, it is crucial to investigate the impact of foreign aid on the GDP’s structure and
whether it leads to appreciate the domestic real exchange rate. Adapting the “Dutch Disease”

mechanism to foreign aid funds helps us investigating this issue.

The mechanism through which aid is affecting the relative price of non-tradable goods (i.e. real

exchange rate) is a complicated process and can be summarized as follows:
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Foreign aid increases the supply and consumption of the tradable goods, lowering its price relative
to non-tradable goods. The appreciation of the relative price of non-tradable goods has an adverse
effect on productive efficiency (Doucouliagos and Paldam, 2009). A plausible consequence is inter-
sectoral resource transfers from the tradable to non-tradable sector, squeezing the tradable sector.
This leads the factors of production reallocated toward the more profitable sector (non-tradable),
resulting in a decline in the production of the tradable goods (Stolpler-Samuelson theorem, 1941).
The real appreciation may induce labor reallocation toward the non-tradable goods sector, raising

the real wages in terms of the price of tradable goods.

Foreign aid is usually converted into local currency to make local purchases; this expands the
monetary base. This increment in the money supply leads to, ceteris paribus, a decrease in the
domestic interest rates, causing the domestic currency to depreciate. Furthermore, from a dynamic
point of view, the effect of aid on the real exchange rate depends on how fast aid is spent and on
its effects on the productive capacity of the economy (the supply side). With supply constraints on
domestic production, the prices of the non-tradable goods and the overall price level increase.
However, if aid is used to ease the supply bottlenecks’2, foreign aid can have a deflationary impact.
The responsiveness of the firms to enter the market to relax the supply constraint is faced by many
obstacles. First, labor market regulations, where the majority of African labors are classified as
informal labors. Second, the easiness of doing business plays a crucial rule in increasing production.
Most of the SSA countries still rank in the bottom half of 190 countries of doing business index
(WDI, 2017) — an index that measures the easiness in starting a new business, getting electricity,
registering property, getting credit, trading across borders, and enforcing contracts (See Appendix
A.l, Table A2).

Increasing the domestic money supply leads the Central Bank to interfere in the foreign exchange
market in a phenomenon called sterilized intervention'”® to prevent currency depreciation. This

process can be described as follows:

1- The Central Bank can sell off foreign exchange to the private sector in exchange for local
currency.

2- The domestic money supply shrinks and the foreign currency supply increases (fall in the
international reserves), leading to a real appreciation of the domestic currency. In this

step, the volatility of the nominal exchange rate has an impact on inflation.

172 \When workloads arrive too quickly for the production process to handle. The inefficiencies brought
about by the bottleneck often create delays and higher production costs.
173 The Central Bank engages in acts so that there is no impact on the monetary base and money supply.
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3- The Central bank can use open market operations: the Central Bank sells domestic
currency bonds to the private sectors (usually local banks). This action leads the domestic
money supply to shrink and appreciate the domestic currency.

The concept of the “Dutch Disease” is not a straight forward process; many things interfere and
complicate things. Prices are usually flexible and can change in response to market signals in the
competitive markets. This situation is different in most of SSA countries where many prices of
commodities are fixed and controlled by governments. Many African countries pursued large-scale
subsidy programmes from the 1960s up to the 1980s. During that period, African governments had
controlled the input and output marketing system, where agricultural inputs at controlled and
subsidized prices were supplied to the farmers (Dorward, 2009). These subsidy programs were
inefficient where government monopolies, political manipulation, and high administrative costs
were associated with such programs (Banful, 2010). During the 1990s, African countries stopped
working with such subsidy programs as part of structural adjustment programs where the input
markets liberalized; however, the input use and agricultural productivity declined (Crawford et al.,
2006). In the mid of the 2000s, another form of subsidy has also been launched in Africa after a
summit in Abuja, Nigeria, called “smart subsidy”; it targeted specific farmers and has been based

on market rather than on state-controlled distribution systems (Minde et al., 2008; Tiba, 2009).

In addition to the agricultural subsidy programs, many African countries adopted energy (fuel and
electricity) subsidies. Energy subsidies absorb a large share of scarce public resources in the SSA
countries. According to the 2013 IMF report, the cost of energy subsidies was estimated at 1.4% of
the SSA countries” GDP in 2012. Energy subsidies are used to avoid the price spikes transmissions
to the domestic economy, where people consume petroleum products below the international
market prices.

Furthermore, the type of nominal exchange rate plays a role in the real exchange rate appreciation
as a result of aid inflows. For example, with a fixed exchange rate, the increase in the relative price
of non-tradable goods leads to a real exchange rate appreciation. In the case of a flexible exchange
rate, the increased supply of foreign currency could lead to a nominal domestic currency
appreciation if foreign aid is not fully absorbed by higher imports. The majority of SSA countries
had adopted a fixed exchange rate regime until the 1980s, when they started to adopt a float

exchange rate regime.
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The price and quantity rigidities'’® in the SSA countries and the role of the Central Banks in
determining the nominal exchange rate regimes seem to have an impact on determining the prices
and quantities produced. These factors interact with each other and from my point of view “Dutch
Disease” seems to be a short-run phenomenon. This coincides with Adam and Bevan (2006), where
they evaluate the impact of aid-induced “Dutch Disease” and find that aid funds cause short-term

“Dutch Disease” in the recipient economy.

The “Dutch Disease” phenomenon provides one rationale for transfer at a disaggregated level of
GDP. One can argue if there are any other rationales. The macroeconomic policies may mitigate
the effect of the real exchange appreciations, but what about the quantity produced. Increasing
foreign aid can finance a higher level of imports. Usually, these imports are of two kinds: goods
that are already produced in the domestic economy and goods that are not produced domestically.
The first kind of imported goods is usually characterized by a higher quality compared to the
domestic goods. People prefer to purchase such foreign goods especially if their prices are similar.
The demand for such imported goods would increase (keeping its price fixed); this might
discourages the existing domestic companies to increase their productions and some businesses
may go out of business. The second kind of imported goods which are not produced locally is
usually characterized by high technology that can be a barrier for any new local companies to
establish new businesses in the tradable sector. The high technology barriers encourages them to
invest in new businesses in the non-tradable sectors. Thus, the increase in imports due to higher
injections of foreign aid may have implications on the GDP’s structure, regardless of the “Dutch
Disease” phenomenon.

A.3- Data Definitions and Measurements
The variables are defined as follows:

i) Aid: net official development assistance (ODA) consists of net loan disbursements and
grants given by official agencies of the Development Assistance Committee (DAC)
and other international donors to promote economic development and increase welfare
in developing countries. It also includes loans with at least 25 % grant element and
excludes military aid. As net loans are net repayments, ODA net disbursements can be
negative (Gabon and Mauritius in 2003).

174 Due to the government intervention with subsidized programs.
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Foreign aid is converted into constant local currency as follows:

cuaid(lcu); = cuaid(usd)*ex;

where cuaid(lcu), stands for aid in current local currency, cuaid(usd), stands for
aid in current USD and ex; is the nominal exchange rate of domestic currency versus
US dollar rate. Aid in constant local currency is calculated as:

id, = cuaid(lcu);
M = gan,
where aid, is expressed in constant local currency and pgdp; is the country’s GDP
deflator and is obtained as the ratio of GDP at current prices to GDP at constant prices

in local currency unit.

i) GDP: the sum of all goods and services value added at purchaser’s prices using
constant local currency.
iii) Tradable and Non-Tradable Output:

Determinants of the tradability and goods classifications

Goods, in general, are classified into two categories: tradable and non-tradable goods. Tradable
goods can be freely traded across the nation’s borders and non-tradable goods are produced and
consumed domestically. There are two factors that determine the tradability and non-tradability of
goods (Larrain and Sachs, 1993). The first one is the transportation cost which creates barriers to
trade. The lower the transportation costs as a proportion of the total production costs the more likely
the good will be traded internationally. The second factor is the trade protectionism, where the trade
guota and tariffs can block the flow of goods across nations, even in the presence of low
transportation costs. The categories that determine if the goods are classified, as tradable or not, are
not fixed over time. Any technological improvements which lead to a reduction in transportation
costs would increase the list of tradable goods and an increase in the trade protectionism will make
more goods non-tradable. For example, recent technological innovations in communications have

made many financial services tradable in the international market.

The United Nations constructs the standard industrial classifications that classify goods and

services into 9 categories by major industries as follows:

175 GDP = C+G+S = C+G+[+X-M
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1- Agriculture, hunting, fishing, and forestry

2- Mining and quarrying

3- Manufacturing

4- Electricity and water

5- Construction

6- Wholesale and retail trade, restaurants, and hotels

7- Transport, storage, and communications

8- Financing, insurance, real estate and business services

9- Community, social and personal services
In theory, goods included in the first three categories are the most tradable and the rest are assumed
to be non-tradable. In reality, the classification of the tradable and non-tradable goods is much more
complicated. A few commodities fall easily in the non-tradable category, since in practice most
goods are traded within some geographical area, depending on the transportation costs. Therefore,
researchers argue that most goods are tradable and they differ in the degree of tradability, depending
on the factors listed before. Moving from theory to empirical work one should follow a precise

guantitative definition of classifications (Tica and Druzi, 2006).

De Gregorio et al. (1994) empirical work test the tradability of 20 different sectors in 14 OECD
countries between 1970 and 1985. They use the ratio of exports to total production of a certain
economic sector as a tool to classify the goods. They define a sector as tradable if more than 10%
of its production is exported. They find that agricultural, mining, and most manufacturing sectors
have a share in exports in total production between 23.6% and 60%. On the other hand, they find
that the share of services that is exported is less than 5% of the total service production, but within
the service sector they find that 27.8% of the transportation sector is exported. With the 10%
threshold, they classify agriculture, mining, manufacturing, and transportations sectors as tradables
and the remaining services as non-tradables. Their guidelines of classifications did not become a
standard for future classifications. Arratibel et al. (2002) and Egert (2002) use only industry as
being tradable, while Chinn (1997) and Rother (2000) use manufacturing as tradables. De Gregorio
and Wolf (1994), Asea and Mendoza (1994) and Chinn and Johnson (1997) add agriculture and
mining to the tradables. The transportation and the construction sectors are distributed equally
between tradable sector (Asea and Mendoza, 1994; De Greogorio and Wolf, 1994) and non-tradable
sector (Micossi and Milesi-Ferretti, 1994; Ito et al., 1997).

The tradability of sectors are conducted in the most advanced countries in De Gregorio et al. (1994)

study where the availability of data on each economy’s sector is not an issue. However, the
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availability of data for SSA countries play a crucial role in such classifications. Following Officer’s
(1976) and Kumi (2017) classifications, | assume that agriculture, forestry, fishing and hunting,
and manufacturing as tradable goods and the rest of the economy as non-tradable goods for 16 out

of 22 SSA countries. Thus, tradable output is calculated as follows:
Tradable output = Agriculture + Fishing + Forest + Hunting + Manufacturing

For the rest six countries, industry value added sector is added to the agricultural value added
following Selaya and Thiele (2010), where data for manufacturing sector is missing for those

countries. For those six countries tradable output is calculated as follows:

Tradable output = Agriculture + Fishing + Forest + Hunting + Mining + Quarrying + Manufacturing

+ Other Industries.
Non-tradable output is defined as the rest of the economy:
Non-tradable output = GDP — Tradable output.

iv) Tradable and Non-Tradable Good Prices:
I have followed Goldstein et al. (1980) methodology to calculate the prices of tradable and non-
tradable good as follows:

GDPC, = GDPCT, + GDPCNT,

Y, =YT, +YNT,

where

GDPC, = Gross Domestic Product at current prices at time t
GDPCT, = Tradable output at current prices at time t
GDPCNT;, = Non-tradable output at current prices at time t
Y;= Gross Domestic Product at constant prices at time t

YT ,= Tradable output at constant prices at time t

YNT, = Non-tradable output at constant prices at time t

The implicit GDP deflator (PGDP;) is obtained as the ratio of GDP at current prices to constant

prices:
PGDP, = GDPC,/ Y.
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Similarly, one can obtain the price indices of tradable and non-tradable goods, p” and p"T, as

follows:
p",=GDPCT/ YT,

pNT, = GDPCNT/YNT,.

A.4- The CVAR Model
A.4.1- The Common Trends Representation

The CVAR model in (3.4) can be written in a form of moving average or “Granger representation”.
This means that the process (y;) is written as a function of previous innovations of the system. This
can help us to investigate the role of common stochastic trends which are responsible for the non-

stationarity of the process (Juselius, 2006).

Since there exist a unique relationship between o and « |, and between g and B (i.e. a'a | =

0 and B'B=0), | can define this identity:

a(B')T B+ B ) e =] (A4.1)
Using the identity in (A.4.1), y, can be decomposed into two parts as follows:

Ve=af' ) By +BL(a) B ) (A4.2)
In (A4.2), B'y; represents the pulling forces (cointegration relations) and is defined as:
Pre-multiply equation (A.4.2) with 8’ and solve for g'y, (case k = 1):

B'ye=(+p'a)B' Yy +B'U+ B YD+ B'e (A4.3)
and a'| y, represents the pushing forces (common trends) and is defined as:

Premultiply equation (A.4.2) with a| and solve for a| y, (case k = 1):

& ye=al Shoy e +a WD+ + )y (A4.4)
Substituting (A.4.3) and (A.4.4) in (A.4.2) to get the moving average form of the CVAR:

ye = CYi (g + WD) + C*(L)(& + WD;) + Py (A.4.5)
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A.4.2- The Unrestricted MA Representation

The decomposition of C = [?Iai helps us to transform B and a | by a non-singular (p - r) x (p -
r) matrix Q such that: C = EI QQ'a| = [fj(ai)’ without changing the likelihood value function.
This transformation leads to just-identified common trends, where testing is not necessary. Any
additional restrictions on 8| and a | will change the likelihood value function and is hence testable.

However, these over-identifying restrictions on the common trends are nonlinear and are difficult
to implement (Juselius, 2006).

The unrestricted estimates of « | and B are determined based on one particular estimate of a |
and S, so they are not uniquely determined. | can impose (p - r - 1) identifying restrictions on
each cointegration vector keeping the likelihood function value constant. However, the space
spanned by a; and £ is uniquely determined and so is the long-run impact matrix C. The
estimated coefficients of the C matrix describes the overall long-run effects of the stochastic driving
forces in the system. The column coefficients of the C matrix describes how the cumulated residuals
from each CVAR equation load on each of the variables. For instance, significant coefficients
indicate that cumulated empirical shocks of the corresponding variable have permanent impacts on
the variables of the system. Whereas, insignificant coefficients exhibit temporary effects on the
system. The C matrix rows coefficients show the weights with which each variable has been

influenced by the shocks of the system (Juselius, 2006).

Appendix A.5: Misspecification Tests

It is of particular interest to conduct some misspecifications tests to ensure valid statistical
inferences. Various diagnostic misspecification tests include optimal lag length, residual cross-
correlations, residual autocorrelation tests, residual heteroscedasticity tests, and normality tests are

reported in this section.
A.5.1- Determination of the Lag Length

The optimal lag length of the VAR model is determined by the likelihood ratio (LR) test procedure

as follows:
-2INQ(H e/ Hie41) = T(N|2| - IN|25e141)

where H},, the null hypothesis of k lags, is tested against ., 1, the alternative hypothesis of (k +

1) lags, T is the size of the effective sample that is kept fixed, when testing H}, against H}.., and
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) represents the residual covariance matrix. The LR test statistic -2InQ is asymptotically distributed
as y2(p?) with p? degrees of freedom. The LR test weakness is in adding extra lags that improve
the log-likelihood value function. Thus, it is proper to discount the log-likelihood by a penalizing
factor that represents the loss of degrees of freedom. There are three information criterial™ that
serve this purpose, as they add a penalizing factor associated with the increase in estimated

parameters numbers as a result of adding extra lag length.

Avoiding too many lags is important; for instance, a five-dimensional VAR(2) model and 5
intervention dummy variables with 40 observations requires an estimation of 50 autoregressive
parameters, 25 dummy variables parameters, 5 constant terms, 5 trends, 15 parameters in the
residual covariance matrix, a total of 100 parameters with a total of 200 data points. After
accounting for extraordinary events, a VAR(1)'"" is chosen for all SSA countries except for
Botswana and Sierra Leone, where a VAR(2) is found to be a more efficient representation of the

data generating process with no signs of residual autocorrelation.
A.5.2- Residual Cross-Correlations Tests

The VAR residuals are usually correlated and the residual matrix, €, is not usually a diagonal
matrix (Juselius, 2006). The VAR model in its reduced form is not a function of current values, but
a function of lagged values of the process. This implies that the residual covariance matrix Q
contains all the current effects in the data. High residual correlations can be a result of the
aggregation of data overtime, where the causal link get blurred as a result of temporal aggregation
of the data, inadequate expectations, and omitted variables (Juselius, 2006). To find if aid residual

is correlated with other variables, | have determined a significant correlations level computed as

-1
follows: |oj;| = 2*Tz2 where o;; denotes the residual correlation and T is the number of

observation. Table A4 presents the residual correlations between foreign aid and the variables for
22 SSA countries. Aid residuals have been found moderately correlated with gdp and trad in
Madagascar and with the prices in Sudan. So aid shocks in these two countries should be interpreted

with more cautious.

176 Schwartz information criterion defined as: SIC = In|2| + (p%k) MTT; Akaike information criterion defined

as: AIC = In|2| + (p%k) ;; and Hannan-Quinn information criterion defined as: H-Q = In|| + (p2k) @

177.SIC is used to determine the optimal lag length in this dissertation.
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Table A4: Residual cross-correlation with aid

Significance
Country gdp trad pT pNT level
Benin -0.156  -0.337 0.045 -0.070 0.302
Botswana -0.083 0.128 -0.235  -0.129 0.283
Burkina Faso 0.025 -0.094 0.261 0.316 0.298
Burundi -0.095 -0.081  -0.297  -0.223 0.298
Cameroon 0.207 0.245 0.090 -0.039 0.283
Cape Verde -0.158 0.111 0.155 0.322 0.338
Central Africa 0.234 0.098 -0.044  -0.026 0.333
Ethiopia -0.132 -0.236  -0.243  -0.276 0.343
The Gambia 0.095 0.091 0.021 0.183 0.286
Kenya -0.223  -0.172  -0.178 0.106 0.286
Lesotho 0.156 -0.018 0.102 0.175 0.321
Madagascar 0.368 0.379 -0.256 -0.305 0.343
Malawi 0.098 0.280 0.349 0.312 0.338
Mali -0.062 -0.156  -0.079 0.061 0.289
Mauritania -0.188 -0.116  -0.261 0.118 0.309
Rwanda 0.169 0.266 -0.155 0.318 0.316
Senegal -0.054  -0.096 -0.201  -0.122 0.338
Seychelles 0.078 0.214 -0.014 0.125 0.329
Sierra Leone 0.278 0.304 -0.252 0.140 0.280
Sudan -0.117 -0.249  -0.370  -0.352 0.333
Togo -0.247 -0.052  -0.085 0.319 0.321
Uganda -0.067 -0.327 0.146 0.044 0.348

A.5.3- Residual Autocorrelations Tests

The assumption of uncorrelated residuals is of particular importance in the VAR framework for the
reason that all y? test are derived under the assumption of uncorrelated errors. The Lagrange
Multiplier (LM) test (Godfrey, 1988) of nt"-order for the presence of residual autocorrelation with
a small sample correction is used. The null hypothesis is for the residual errors are serially
independent while the alternative hypothesis is that the errors are serially dependent. The LM test
is asymptotically y? distributed with p? degrees of freedom. Table A5 presents the multivariate
LM test, where there is no significant residual autocorrelation of order one, two, three or four for
all the SSA countries.
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Table A5: Autocorrelation tests (LM tests)

Country Lagl Lag?2 Lag3 Lag 4
Benin 0.112 0.168 0.274 0.444
Botswana 0.177 0.066 0.561 0.091
Burkina Faso 0.179 0.787 0.071 0.826
Burundi 0.327 0.871 0.534 0.723
Cameroon 0.116 0.950 0.065 0.180
Cape Verde 0.844 0.854 0.505 0.367
Central Africa 0.333 0.443 0.820 0.502
Ethiopia 0.270 0.774 0.065 0.384
The Gambia 0.239 0.505 0.378 0.059
Kenya 0.315 0.696 0.477 0.341
Lesotho 0.074 0.520 0.995 0.311
Madagascar 0.101 0.134 0.834 0.241
Malawi 0461 0.109 0.349 0.947
Mali 0.199 0.505 0.281 0.440
Mauritania 0.233 0.828 0.494 0.964
Rwanda 0.811 0.555 0.060 0.297
Senegal 0.215 0.360 0.698 0.866
Seychelles 0.241 0.292 0.979 0.773
Sierra Leone 0.500 0.780 0.297 0.059
Sudan 0.140 0.324 0.428 0.673
Togo 0.393 0.656  0.493 0.958
Uganda 0.126 0.764 0.301 0.769

A.5.4- Residual Heteroscedasticity Tests

Heteroscedasticity test evaluates if the residuals have constant variance. To estimate if the residuals
have a constant variance, the autoregressive conditional heteroscedasticity (ARCH) test is applied
of m*"-order to each of the VAR equations’ residuals. The null hypothesis assumes homoscedastic
errors while the alternative assumes heteroscedastic errors. The test statistic is calculated as (T + k
- m)* R? , where T is the number of observations, k is the VAR length and R? is taken from the
auxiliary regression. The multivariate ARCH test is asymptotically distributed as y? with
%pz (p + 1)? degrees of freedom. The univariate test is asymptotically distributed as y? with k
degrees of freedom. The p-value results of the multivariate LM tests and univariate ARCH effects

are presented in Table A6.

The univariate ARCH test cannot be rejected for all the variables except for gdp (Sierra Leone),
pT (Sudan) and pNT (Ethiopia), whereas the multivariate LM tests for no conditional

heteroscedasticity can be rejected for some SSA countries (Burundi, Lesotho Mali, and Rwanda at
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lag 1, Cameroon, Mali, Rwanda, sierra Leone Sudan, and Togo at lag 2). This may not be a serious
problem, since the rank test is robust against moderate ARCH effects (Gonzalo, 1994; Rahebek et
al., 2002).

Table A6: ARCH tests

Multivariate
Univariate Statistics Statistics
Country aid gdp trad pT’ pNT LM(1) LM(2)
Benin 0.181 0.655 0.964 0.501 0.243 0.736 0.277
Botswana 0.161 0.921 0.327 0.823 0.813 0.744 0.235
Burkina Faso 0.862 0.997 0.022 0.108 0.798 0.923 0.134
Burundi 0.628 0.858 0.355 0.758 0.793 0.003 0.063
Cameroon 0.928 0.017 0.261 0.329 0.734 0.366 0.034
Cape Verde 0.095 0.693 0.461 0.634 0.137 0.177 0.079
Central Africa  0.880 0.256 0.333 0.553 0.723 0.570 0.073
Ethiopia 0.970 0.917 0.682 0.871 0.047 0.439 0.070
The Gambia 0.225 0.743 0.775 0.418 0.780 0.221 0.142
Kenya 0.549 0.743 0.753 0.062 0.728 0.212 0.123
Lesotho 0.441 0.385 0.328 0.281 0.393 0.016 0.080
Madagascar 0.326  0.355 0.954 0.755 0.717 0.306 0.158
Malawi 0.073 0.519 0.562 0.511 0.058 0.600 0.132
Mali 0.293 0.808 0.295 0.368 0.117 0.022 0.015
Mauritania 0.141 0.178 0.961 0.581 0.097 0.299 0.083
Rwanda 0.619 0.129 0.688 0.117 0.299 0.012 0.004
Senegal 0.259 0.380 0.711 0.186 0.921 0.202 0.112
Seychelles 0.223 0.052 0.473 0.890 0.381 0.270 0.174
Sierra Leone 0.548 0.047 0.556 0.801 0.268 0.470 0.035
Sudan 0.034 0.137 0.382 0.036 0.052 0.466 0.025
Togo 0.729 0.951 0.218 0.926 0.554 0.246 0.034
Uganda 0.535 0.970 0.718 0.940 0.744 0.449 0.158

A.5.5- Normality Tests

Normality tests are based on skewness and kurtosis, i.e. third and fourth moment around the mean,
respectively. They are asymptotically y? distributed with 2p degrees of freedom in the multivariate
normality case and 2 degrees of freedom in the univariate case. The null of the test is normally
distributed errors, which means that the skewness and kurtosis of the residuals are asymptotically

normal with the following mean and variance:

Skewness: VT (skewness; - 0) ~ N(0,6) and
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Kurtosis: VT (kurtosis; - 3) ~ N(0,24)
The asymptotic univariate test for normality of a residual (&; ;) is calculated as:
n® = T(skewness;)?16 + T(kurtosis;—3)2/24 ~ x?(2).
The skewness values are expected to be around 0, while the kurtosis tends to be around 3.

The asymptotic multivariate test is calculated as:

mn{ =3P 0 ~ x*(2p).

As it is noticed that the variance of kurtosis is three time that of skewness, which means that the
normality test is more sensitive to the deviations from normality due to skewness (presence of
outliers) than to excess kurtosis (fat tails). | report the Doornik-Hansen multivariate test (Doornik
and Hansen, 2008). Table A7.1 shows the p-value results of the multivariate and univariate cases
after controlling for the extraordinary events; Table A7.2 shows the values of skewness and kurtosis

for each variable in each country.

The figures shown in bold are the p-values which are less than 5% significance level where the
normality assumption is rejected. The asymptotic multivariate normality test cannot be rejected for
all SSA countries, whereas the univariate normality test for individual series can be rejected for
some countries and the reason for rejection is due to excess kurtosis rather than from skewness
(Table A7.2). For example, the univariate normality test for aid’s residual is rejected in Burkina
Faso and Rwanda, for gdp’s residual in Kenya, for trad’s residual in Mauritania and Rwanda, for
pT in Cape Verde, Lesotho and Rwanda, and for pNTin Benin, Kenya, Senegal and Togo. The
CVAR is quite robust towards excess kurtosis, but not towards the existence of skewness (Juselius,
2006).
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Table A7.1: Normality tests (P-Value)

Univariate Statistics Multivariate

Country aid gdp trad pT pNT

Benin 0.385 0.101 0.967 0.132 0.027 0.076
Botswana 0481 0.811 0476 0.102 0.941 0.523
Burkina Faso 0.040 0.979 0.452 0.858 0.372 0.225
Burundi 0.750 0.145 0.005 0.881 0.246 0.462
Cameroon 0.057 0.230 0.489 0.600 0.846 0.092
Cape Verde 0.803 0.597 0.487 0.018 0.384 0.132
Central Africa 0475 0411 0220 0.174 0.125 0.788
Ethiopia 0.887 0.121 0.212 0.515 0.788 0.764
The Gambia 0915 0.239 0.363 0.354 0.128 0.252
Kenya 0.663 0.014 0.146 0.567 0.048 0.131
Lesotho 0.680 0.124 0.369 0.028 0.405 0.101
Madagascar 0.335 0.449 0.800 0.842 0.611 0.344
Malawi 0.303 0.089 0.067 0.565 0.292 0.142
Mali 0.213 0.091 0.383  0.053 0.518 0.051
Mauritania 0914 0.106 0.028 0.070 0.773 0.159
Rwanda 0.004 0.488 0.036 0.017 0.253 0.154
Senegal 0.838 0.265 0.127 0.639 0.005 0.462
Seychelles 0.975 0475 0.076 0.547 0.157 0.212
Sierra Leone 0.066 0.227 0.074  0.389 0.459 0.055
Sudan 0.889 0.088 0.063 0.537 0.913 0.667
Togo 0.765 1.873 0.505 0.270 0.005 0.271
Uganda 0.180 0.460 0.355 0.386 0.613 0.265
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Table A7.2: Skewness and Kurtosis Values

Skewness Kurtosis

Country aid gdp trad pT pNT aid gdp trad pT pNT

Benin 027 -0536 -0.08 -0.019 0.315 | 3.335 4.015 2634 3.758 4.353
Botswana 0.368 0.185 0.239 0.697 0.107 | 2.687 2545 323 3906 2.678
BurkinaFaso  0.866 0.006 -0.284 -0.174 0.401 | 3.606 2.49 323 2725 33

Burundi -0.246 0.265 -0.338 -0.096 0481 | 2775 3.766 4828 2.809 3.531
Cameroon -0.511 0515 0383 0.223 0.071 | 4218 351 2908 2393 289
Cape Verde -0.238 0.337 0.102 0508 -0.521 | 2.541 2949 3182 4661 2972
Central Africa 0.383 -0.469 -0.328 0.675 0.791 | 3.128 2.711 2.068 3.69 3.615
Ethiopia 0.049 -0.765 -0.686 0.297 0.087 | 2.749 3955 3363 3.116 2.857
Gambia -0.102 -0.283 -0.264 0.4 0.322 | 2.743 3566 3.367 3.339 3.831
Kenya 0221 0295 0.165 0.345 0.567 | 3.002 4525 3.742 2796 4.334
Lesotho -0.229 0318 -0.251 -0.828 0.325 | 2949 3.839 3346 4843 2294
Madagascar -0.57 0401 -0.049 0.2114 0.121 | 3.15 3.162 2843 2503 3.033
Malawi 0326 -0.764 -0.871 -0.333 0545 | 345 4113 4162 2526 2091
Mali 0.275 0615 0452 0426 0.171 | 3.618 4.066 3.097 4.198 3.198
Mauritania -0.122 0.368 -0.247 0.1 -0.189 | 2.487 3.923 4309 3976 2.865
Rwanda 0.323 0.011 0.498 0.387 0.411 | 4942 3211 4402 4552 3.544
Senegal -0.032 -0.364 -0.766 0326 1.136 | 2.828 3511 3338 2872 6.185
Seychelles 0.036 -0.044 0848 0386 -0.675| 2.63 3.208 3514 2943 3.777
Sierra Leone 0595 0.177 -0.159 -0.179 0.158 | 3.995 358 3966 3.349 3.27

Sudan 0.149 -0.809 -051 0315 0.059 | 2377 4221 4201 3.067 2.691
Togo 0.066 0.158 -0.148 -0.422 0.757 | 2902 2873 3.167 2316 7.216
Uganda 0.734 0.005 0.26 0.221 0.352 | 3515 1949 2.051 2.027 2542

A.5.6- The CVAR Stability Tests

I evaluate the stability of the estimated CVAR model. For a p-dimension CVAR model with r
cointegration vectors, the companion matrix should have (p - r) unit eigenvalues. For CVAR
stability, the moduli of the r eigenvalues should be strictly less than unity or lie within the unit
circle. For all the 22 SSA CVAR models, the moduli of the r eigenvalues rely within the unit

circle!’, satisfying the CVAR stability condition with no presence of any explosive roots.

178 The characteristics root of the CVAR model can be obtained upon request.
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A.6- Tradable Sector: Change in Composition

One can argue that some economic sectors like mining and quarrying and oil sectors are tradable

goods. These sectors are included under the industry value-added output and cannot be

disaggregated. For more robustness checking, | have evaluated a CVAR model for the 16 SSA

countries, where the tradable sector is composed of the agriculture and the industry value added

outputs instead of the agriculture and the manufacturing value added outputs. Table A8 reports the

long-run impact of aid on GDP, tradable output, and tradable and non-tradable goods prices. The

results of the negative impact of aid on GDP (seven countries in the previous model versus eight

countries in the present model) and the tradable sector (15 countries in the previous model versus

16 countries in the present model) have not changed too much.

Table A8: Long-run impact of aid (Tradable = Agriculture + Industry)

Country gdp trad pT’ pNT Case Rank
Madagascar 0.035 (1.705) 0.015 (1.494) -0.095 (-1.922)  -0.118 (-1.642) I 3
Benin -0.033 (-1.667)  -0.068 (-2.261)  -0.214 (-3.881)  -0.226 (-4.946) 1l 1
Burundi -0.132 (-2.814)  -0.354 (-4.728)  0.272(2.694)  -0.368 (-2.770) 1l 2
Central Africa  0.001 (0.045)  -0.049 (-2.700)  0.249 (3.557)  0.252(3.222) Il 1
Ethiopia -0.333(-1.916)  -0.343(-2.032) -0.591(-2.109)  -0.500(-2.120) 1l 3
Lesotho 0.004 (0.222)  -0.061(-3.493)  0.078(3.263)  0.078 (4.652) Il 2
Mali -0.008 (-0.520)  -0.049 (-2.673) 0.008 (0.321) 0.069 (3.004) Il 1
Sudan -0.004 (-0.405)  -0.033 (-4.411) -0.167 (-1.868)  -0.149 (-2.074) Il 1
Botswana -0.065 (-0.899)  -0.200 (-2.137)  0.105 (1.467)  -0.007 (-0.400) IV 2
BurkinaFaso ~ -0.003 (-0.191)  -0.054 (-3.472)  0.051 (1.705)  0.091(3.609) IV 1
Cameroon -0.129 (-2.259)  -0.148 (-2.259)  -0.276 (-2.259)  -0.325(-2.259) IV 4
Cape Verde -0.099 (-2.241)  -0.062 (-1.761)  -0.004 (-0.162)  0.170 (5.445) IV 2
Gambia -0.006 (-0.661)  -0.001 (-0.075) 0.194 (8.581) 0.222 (11.232) v 1
Kenya -0.140 (-3.191)  -0.131 (-2.760) 0.012 (0.156) 0.108 (1.785) v 1
Malawi 0.073(2518)  0.182(3.609)  0.392(3.849)  0.422(2591) IV 1
Mauritania -0.101 (-4.261)  -0.098 (-2.828)  -0.018 (-0.361) 0.022 (0.575) v 1
Rwanda 0416 (3.700)  0.465(3.586)  0.327 (2.494)  0622(3.472) IV 1
Senegal -0.025 (-1.444)  -0.092 (-2.542)  -0.169 (-2.221)  -0.136(-2.352) IV 2
Seychelles 0.076(2.408)  0.121(3.239)  -0.028 (-0.965)  -0.037 (-0.982) IV 2
Sierra Leone 0.006 (0.312) 0.085 (5.682) 0.100 (0.903) 0.250 (2.260) v 2
Togo -0.016 (-4.251)  -0.014 (-2.801)  -0.037 (-6.007)  -0.056 (-5.182) IV 1
Uganda -0.071(-6.910)  -0.055(-5.780)  0.625(3.790)  0.568(4.493) IV 3

t-ratios are in parenthesis (Bold figures are
significant at 5% level)
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Table A9: Comparison of long-run impact of aid when the composition of tradable sector

changes (GDP and Tradable output)

Panel A Panel B
Trad = Agr + Man Trad = Agr + Ind

Country gdp trad gdp trad

Madagascar 0.035 (1.705) 0.015 (1.494)
Botswana -0.190 (-2.147) -0.207 (-2.342) -0.065 (-0.899) -0.200 (-2.137)
Burundi -0.132 (-2.814) -0.354 (-4.728)
Central Africa 0.015 (0.590) -0.050 (-2.925) 0.001 (0.045) -0.049 (-2.700)
Ethiopia -0.045 (-0.661) -0.207 (-3.616) -0.333 (-1.916) -0.343 (-2.032)
Mali -0.008 (-0.520) -0.049 (-2.673)
Sudan -0.002 (-0.070) -0.096 (-1.997) -0.004 (-0.405) -0.033 (-4.411)
Benin 0.026 (0.585) -0.247 (-2.234) -0.033 (-1.667) -0.068 (-2.261)
Burkina Faso -0.002 (-0.029) -0.164 (-2.390) -0.003 (-0.191) -0.054 (-3.472)
Cameroon -0.003 (-0.357) -0.010 (-2.271) -0.129 (-2.259) -0.148 (-2.259)
Cape Verde -0.099 (-2.241) -0.062 (-1.761)
Gambia -0.005 (-0.612) 0.050 (3.606) -0.006 (-0.661) -0.001 (-0.075)
Kenya -0.118 (-2.894) -0.085 (-2.106) -0.140 (-3.191) -0.131 (-2.760)
Lesotho 0.077 (2.241) -0.104 (-2.366) 0.004 (0.222) -0.061 (-3.493)
Malawi 0.073 (2.620) 0.181 (3.637) 0.073 (2.518) 0.182 (3.609)
Mauritania -0.101 (-4.261) -0.098 (-2.828)
Rwanda 0.383 (4.103) 0.403 (3.873) 0.416 (3.700) 0.465 (3.586)
Senegal -0.019 (-3.725) -0.066 (-6.135) -0.025 (-1.444) -0.092 (-2.542)
Seychelles -0.060 (-2.860) -0.085 (-2.984) 0.076 (2.408) 0.121 (3.239)
Sierra Leone 0.006 (0.312) 0.085 (5.682)
Togo -0.030 (-5.702) -0.024 (-3.025) -0.016 (-4.251) -0.014 (-2.801)
Uganda -0.021 (-1.242) -0.026 (-2.108) -0.071 (-6.910) -0.055 (-5.780)

t-ratios are in parenthesis (Bold figures are significant)

Table A9 reports the long-run impact of aid on GDP and the tradable sector. Panel A shows the
long-run impact of foreign aid on GDP and the tradable output, where the tradable output is
composed of agricultural and manufacturing value-added outputs. While panel B shows the long
long-run impact of foreign aid on GDP and the tradable output, where the latter is composed of

agricultural and industrial value-added outputs.

The long-run effect of aid on GDP has changed in Botswana, Cameroon, Lesotho, Senegal,
Seychelles, and Uganda. On the other hand, the long-run impact of aid on the tradable sector has
only changed in the Gambia and Seychelles: the effect has changed from positive to no effect in
the Gambia and from negative to positive in Seychelles. This robustness checking indicates that

my result is robust regardless of the composition of the tradable sector.
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Table A10: Comparison of long-run impact of aid when the composition of tradable sector
changes (Tradable and non-tradable output)

Panel A

Panel B

Trad = Agr + Man

Trad = Agr + Ind

Country ntrad trad ntrad trad

Madagascar -0.052 (1.319) 0.014 (1.390)
Botswana -0.191 (-1.968) -0.191 (-2.120) -0.061 (-0.765) -0.372 (-3.057)
Burundi 0.408 (5.650) -0.279 (-4.190)
Central Africa 0.104 (2.444) -0.050 (-2.690) 0.082 (1.995) -0.053 (-2.830)
Ethiopia 0.127 (1.813) -0.214 (-4.656) -0.230 (-1.667) -0.277 (-2.222)
Mali 0.038 (2.300) -0.049 (-2.551)
Sudan 0.075 (1.983) -0.089 (-1.915) 0.035 (2.034) -0.036 (-4.494)
Benin 0.160 (1.824) -0.231 (-2.322) -0.001 (-0.019) -0.069 (-2.273)
Burkina Faso 0.121 (1.426) -0.146 (-2.014) 0.046 (1.841) -0.048 (-3.446)
Cameroon 0.001 (0.004) -0.010 (-2.278) -0.072 (-3.324) -0.073 (-3.324)
Cape Verde -0.163 (-2.098) -0.067 (-1.411)
Gambia -0.005 (-0.612) 0.050 (3.606) -0.037 (-2.759) 0.022 (1.459)
Kenya -0.146 (-2.883) -0.090 (-2.229) -0.150 (-2.867) -0.077 (-2.032)
Lesotho 0.141 (2.605) -0.108 (-2.385) 0.049 (1.784) -0.072 (-3.197)
Malawi -0.010 (-0.276) 0.181 (3.643) -0.023 (-0.630) 0.183 (3.614)
Mauritania -0.037 (-1.571) -0.066 (-5.221)
Rwanda 0.373 (3.849) 0.406 (3.849) 0.376 (3.388) 0.468 (3.580)
Senegal 0.002 (0.334) -0.066 (-6.172) 0.012 (0.647) -0.093 (-2.653)
Seychelles -0.056 (-2.306) -0.085 (-2.970) 0.048 (1.548) 0.079 (2.143)
Sierra Leone -0.060 (-1.324) 0.101 (3.977)
Togo -0.033 (-3.691) -0.020 (-2.889) -0.025 (-2.886) -0.014 (-2.469)
Uganda -0.036 (-1.364) -0.021 (-1.673) -0.101 (-6.264) -0.050 (-4.887)

t-ratios are in parenthesis (Bold figures are significant)

Table A10 reports the long-run impact of foreign aid on the tradable and non-tradable sectors. The
long-run impact of aid on the non-tradable sector changes in Botswana and Seychelles (In Panel A,
the effect of aid on the non-tradable output is negative, while in Panel B, there is no effect). In
Cameroon, the Gambia, and Uganda there is no effect of aid on the non-tradable output, where the
tradable output is composed of agricultural and manufacturing value added outputs; however, a
negative effect, when the manufacturing sector is replaced by industrial sector. Finally, in Lesotho,
the result changes from positive effect to no effect. Concerning the effect of aid on the tradable
sector, the results are similar to that in Table A9. The long-run impact of aid on the tradable sector
has changed in the Gambia, Seychelles, and Uganda; the long-run effect of aid has been changed
from positive to no effect in Gambia, from negative to positive in Seychelles, and from no effect to

negative effect in Uganda.
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Appendix B: One-sector DSGE Model
B.1- The Representative Agent’s Optimization Problem

The representative agent maximizes his expected inter-temporal utility taking price sequences

(wh, rf}2, as given:

U= X220 8 [log(Ct) + ylog(Ly)] (B.1)
Subject to:

Le+N+S, =1 (B.2)
Co +1F+ IM+ T, =rFK, +WN,H, + F« exp(zt) (B.3)
Kpoq =IF + (1-8) K, -j Kew _ 1y, (B.4)
Hepy = ARSTHN® (exp(z9™)19™)1-01-02+ (1-5,) H, (B.5)

The Lagrangian function can be written as:

max{Ct,Nt St vlgviHl Hipn }EO Zgo=0 ﬂt{log(ct) + ]/Iog(l - Nt - St)

+ Ae(rf Ky + wiN, H, F*eXp(Zt) -Ce -1 - Ty - Kpyq + (1-6)K, — 9(Km D’K,)
+ llt(A'tlsrallthez (exp(zf")If") 01702 — Hyyy + (1-6,) H )}

Here, A; and y; are the Lagrange multipliers on the budget and transformations constraints.

First order conditions are as follows:

[Cel: %t = A (B.6)
[Se): T, = OaALS T (exp &I (B7)
[Nel: 1= = e witHy (B.8)
[11]: Ar = 0,400 2% (exp (2218 =002 (B.9)

[Keanl: 2e[1+ 0 = D] = EelAera(ia* (1-6) + G2 - D2 - 22~ 1)) (B.10)

[Hepa): be = BEe[Apr1 (Wl Negq ) + Begq (1-6p)] (B.11)
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The transversality conditions for physical and human capital are as follows:
thm ﬁtAth+1 - 0 and l!lm ﬂt uth+1 - 0
Combining (B.6) and (B.8) to get:

AT '}
N5 wi H; (B.12)

Equation (B.12) is the first intra-temporal Euler equation for leisure and consumption. It sets the
marginal rate of substitution between consumption and leisure (LHS) equals to the relative price of

leisure or the effective opportunity cost of leisure (RHS).

Combining equations (B.6), (B.7) and (B.9) to get:

YCe — 911? (B 13)
1-Ng—S¢  6,5¢ '

Equation (B.13) is the second intra-temporal Euler equation that shows the relationship between
consumption, private human capital investment, leisure time and time devoted to acquire human
capital. It sets the marginal rate of substitution between consumption and leisure (LHS) equals to
the marginal rate of substitution between private human investment and time allocated to study and

this relationship holds every period.

Combing equations (B.6) and (B.10) to get:

1 t = 1 + + +
S HOCE - DI=FEL | (fa* (16 +0GE2 - D - S~ 1)?)] (B.14)

Kyl 2 K+1

Equation (B.14) corresponds to the physical capital Euler equation that equalizes the marginal
private cost (LHS) of sacrificing one unit of current consumption of physical good with the

marginal private benefit (RHS) of allocating the extra savings into the aggregate physical capital.

Insert (B.7) and (B.8) into (B.11) to get:

Y

N
1-N¢— St — ﬂEt{ [ t+1 +
9,450 1] Z(exp(zgh),gh)1 81-6 1= Nt+1 St+1 Heiq
1-6
h (B.15)

h ¢f1-1 1-6,-6
014¢4 15051 It+1 (exp(zHl)IHl) 17v2
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Equation (B.15) corresponds to the human capital Euler equation that equalizes the current
marginal private cost (LHS) for an extra unit of time spending on education with the marginal

private benefit (RHS) responses in the future.

B.2- Firm’s Optimization Problem

The representative firm is owned by the representative agent and produces homogenous good. The
firm operates in a competitive domestic market and the factor demands are determined in a
competitive fashion. The representative firm chooses physical capital and effective labor'™ to

maximize profits, taking prices as given each period.

The firm’s maximization problem can be written as follows:

max, mAe €xp(z KE(H)' ™ - K, -wiH, (B.16)
The necessary first order conditions yield:

[K]: oA exp(z )™ = (8.17)
[A]: (1 - AT exp(e]) G = wi (8.18)
Equation (B.17) corresponds to the rate of return on physical capital and equation (B.18) is the
wage rate per unit of effective labor.

Factors of production earn their marginal productivity since factor markets are competitive, and the

standard zero-profits condition holds such that: r*K, + wl*N, H, =Y,

B.3- The Equivalent Social Planner’s Problem

The first and second welfare theorems state that the solution to the competitive equilibrium yields
the same allocation as the solution to the social planner’s problem; the social planner maximizes

the following expected utility of the representative agent:

MAX (¢, 5, N 1Ky, Hesy EO 220 Btllog(Cy) + ylog(Ly)] subject to (B.19)

179 The effective labor: H, = N, H,
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L, +N,+S, =1
Co+IE+1IM+ Ig"h+ G.= Apexp(ze )KE(NH)Y + F*exp(z{)

Kepq = IF +(1-8) K- 2 (F22 - 1)K,

Ke
Hevr = ARSTIE™ (exp(z0M)IE™) 10024 (1-6,) H,

The government budget constraint:

T, = 19" + G,

The Lagrangian function can be written as:

max{ct,St,Nt,Igl:Kt+1:Ht+1,}Eo Ytzo ﬁt{[log(Ct) + ylog(1 — N;— S, )]

+ Ae(Ar exp(z; )KE (NeH ) ™ + F = EXP(ZD - If- Itgh -G -Gy - K + (1-6)Ke —

0, ,p0 _o. _
12K, + w (ARSI (exp (™M) =070 — Hyy o + (1-6),) H )}

(B.20)
(B.21)

(B.22)

(B.23)

9 Kep1

(

2" K,

Here A; and y, are the Lagrange multiplier or the co-state variables to physical and human capital,

respectively.

Necessary first order conditions associated with the social planner’s problem are:
1
[Ce]: Ct =

. - 61-1;p0 hy7ghN1-0,—
[Se): 1o, = MeBaATS, I8 (exp(z! I 02

K. a
[N:]: #t_st =1:(1 —a)A. exp(z;) (F;t) Hy

L9 — 0, p02-1 R~ ghN1—0. —
[ ]-lt—uté’zA?StlI? : (EXP(ZEq )[Eq Y1070

a-1
[Keerl: 2e[140CEE = 1)]= BE[Ass (e @) (Fo22—)  + (1-6) + O

K Nti1 Heqq Kit1

8z _qy2y]

2 “Kp+1

[Hera: e = BEe ers (L@ Arss €XP(ze41) (722—) Neys ) + e (1-6,)]

Nev1 Hepn

The transversality conditions for physical and human capital are as follows:

(B.24)
(B.25)
(B.26)

(B.27)

K,
_ 1) t+2 _
K41

(B.28)

(B.29)
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glm BtAth+1 = 0 and tllm ﬁt uth+1 = 0
Combining equations (B.24) and (B.26) to get:

L= (1- 0 explz) (- )“Ht (B.30)

1-Ny—

Equation (B.30) is the intra-temporal Euler equation for leisure and consumption. It equates the
effective opportunity cost of leisure to the marginal rate of substitution between leisure and

consumption.

Combining equations (B.24), (B.25) and (B.27) to get:

yCe  _ 641
1-Ne—S; 0,5, (B.31)

Equation (B.31) is the intra-temporal Euler equation for consumption, education expenditures and
time spent for acquiring human capital. It equates the marginal rate of substitution between leisure
and consumption (LHS) to the marginal rate of substitution between education expenditure and

time spent on education.

Combining equations (B.24) and (B.28) to get:

a—-1
& [+ 0 — DIZPE—(@h 1 OXP(Zeer) (=) +(1-6) + 02 — e - Seee

Hiyq Ker1 2 “Ke+1

1)2)} (B.32)

Equation (B.32) corresponds to the intra-temporal Euler equation for consumption that equates the
marginal social cost of giving up one unit of current consumption with the marginal social benefit

of allocating extra savings into physical capital; i.e. Euler equation for physical capital.

From (B.25) and (B.26):

911}12

hi1-0,—
neO1AlS, (exp(zZ™)19")1=61-62

YRE ¢
(1-a)A¢ exp(z¢) (m) Fe

Insert A; back in equation in (B.29) and after some manipulation I get:

Y

1-N¢= St - o Niiq +
0, AhS‘91 tih 2(exp(zgh)lfh)1“91—192 p t{l Nt:+1—5t+1 [Ht+1
1-6p
1} (B.33)

no f1-1 gh y1-6,-6
01A% 1S4, It+1 (exp(zHl)IHl) 172
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Equation (B.33) corresponds to Euler equation for human capital that equates the current marginal

social cost (LHS) for an extra unit of time spent on acquiring human capital with the marginal

social benefit of the human capital in the future.

B.4- Steady State

In steady state, consumption, output, physical capital and human capital are all constant, i.e., X; =

X.+1 =X where X € (C, L, N, S, I¥,I", K, H). The steady state equilibrium can be achieved when

the technology, foreign aid, government expenditure, and human capital shocks are assumed to be

constant; i.e. exp(z; ) = exp(z[ )= exp(z?)= exp(z? h) =1, v t. The necessary first order conditions

of the social planner problems become:

yc*
1-N*—S*

= (1-w)4 (ﬁ)a H*

m _ y6,5*
Cc* ~ 0;(1-N*—S%)

K*

= aA(N*H*

)+ (1= 6)

1
B

1
0,5+ @170 %2 g

1-6p
0,501~V n%2 g

N
A-01-62) ﬁ(m + h*(1—91—92))

L'+N*+5=1
C*+IM + 1% + [9" + Gov*= AKY (N*"H*)' ™% + F*

=6, K*

=S

* 8hH* ]02

"=
[S*e”h*ezwh*(l—el—ez)

61,1702 gp(1-01-02)

Directly from (B.41) H*=

&n

(B.34)

(B.35)

(B.36)

(B.37)

(B.38)
(B.39)

(B.40)

(B.41)

Insert H* back in (B.37) and get the ratio of study time to work time in the steady state as follows:

S* _ 916}1

NT O S-(1-8n)

(B.42)
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B.5- Balanced Growth Path

A balanced growth path (BGP) is the solution to the following equilibrium dynamic system:

C a
= (- a)Atexp(zt)( ) H, (B.43)
vee 6l

1-Ng—S¢  6,5; (B.44)

a-1
& [+ 0CE — DI —(0h s XP(zes) (=) +(1-6) + 02 — 1yfies. 2z

HC+1 Kiyq 2 "Ki+1
1)2)} (B.45)
¥
1-N¢— St —
0,45717111%2 (exp(29™)19")1-61-6;
Netq 1-8p
+ B.46
PE t{l N”l St+1 [H”l 91A?+1Sce+11 1It+1 (e’(p(zt+1)lt+1)1 81-62 ( :
L,+N,+S, =1 (B.47)
Co+ IF+10 + 19"+ G,= Y, +Frexp(z]) (B.48)
Y, = Apexp(z¢ K (N H)' ™ (B.49)
Kesy =1E +(1-6) K, - S (F22 - 1)K, (B.50)
Herr = ARSOE™ (exp(zf™)I9™) 0%+ (1-6,) H, (B.51)
Ke \q—
= adexp(ze ) () (B.52)
tiit
wlt= (1 —a)AT exp(z]) (N H) (B.53)

Let gy, gc, 9k, Gyns G, Gns s, I and gy be the growth rates of the variables Yy, Cy, If, If, Ly,
N;, S¢, K¢, and H;, respectively. Since L;, N; and S; are bounded between 0 and 1 (equation B.47),
this implies that their growth rate along the BGP is zero (i.e. g.= gy= gs= 0). | need to show that
in the present model with human capital all the other variables along the BGP should be stationary
for an exogenous growth model. " Gov; and F*exp(zt) are exogenous variables and their

growth rates are zeros in the model.
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r¥ and w} are stationary along the BGP. From (B.52) and (B.53), % should be constant, this

Hy
implies that gx= gy-
In (B.43), C, = Co(1+g.-)t and H, = Hy(1+gy)t and to satisfy equation (43), thus g =gy.
In (B.44), C, = Co(1+g¢)t and I = I} (1+g,n)" and to satisfy equation (44), thus g¢ =g ;.

In (B.49), Y; = Yo(1+gy)", K¢ = (Ko(1+gx)")® and H, = (Ho(1+gy)")' ™%, since gx= gy this
implies that gx= gn = gy-

In (B.48), C, = Co(1+gc)t, I = IH(1+g,n)E, If = I§(1+g,x)t and Y, = Yo(1+gy)" and to satisfy
equation (B.48), thus gc =g;» = g;x =gy-

Therefore, from equations (B.43), (B.44), (B.48), (B.49), (B.52) and (B.53) | conclude that g =g;»

=91k =9y= 9k~ 9u-

From (B.46), 91A?St91_115‘92 (exp(z9™)19™)1=0178: s the marginal productivity of study hours
and it is stationary along the BGP, similar to the marginal productivity of labor and physical capital.

To satisfy condition (B.46), % should be constant along BGP, thus gy = gy = 0.
t+1
Therefore, gc =g;n = g;x = gv= 9x= gn= 9 = gn = 95 = 0.
To see if the zero growth rate of the variables satisfy equations (B.45), (B.50), and (B.51):
From (B.45), | get:
(1+90)(1+0(gx)) = frts +(1-6,) + B(gx) (1+9k) - Agx)?) (B.54)
1= B0l 1 +(1-6¢)) (B.55)
Condition (B.55) is equivalent to the steady state equation (B.36).
Divide (B.50) by K, to get:

_IE

1+gg —E"' (1-6) _g(gl()z

¥ 9
Ik = KLt - 8 —2(9K)° (B.56)
Ko (B.57)
K,k '
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Condition (B.57) is equivalent to steady state equation (B.40).
Divide (B.51) by H, to get:

hob1,n92 By gha1—0,—
_ ARSI (exp(z) )11 70172

1+gy= : +(1- )
t
6
_ ARSI exp M) 01702 5, (B.58)
Hy
[}
AlsP1 "2 (exp(z9M)19M)1-01-62 = 5, (B.59)

Hy
Condition (B.59) is equivalent to the steady state equation (B.41).

Thus, all the variables are stationary along the balanced growth path indicating that the present

model exhibits an exogenous growth behavior.

B.6- Estimates of the Share of Households Human Capital Investment®

The University of Nairobi conducted a private survey in 20098 and it was published in 2013. This
survey consists of 1942 households, in 17 Kenyan districts including both urban and rural areas.
The households were distributed among three categories: households with international migrants,
households with internal migrants, and households without migrants. One of the survey questions
asks the households about their monthly expenditure on education as follows: “In the last six month
how much you spend on education/apprenticeship (including tuition fees, tutor fees, school

uniforms, books, and supplies)?” Their responses are presented as per the table below:

Table B1: Average monthly expenditure by households (%)

International migrant Internal migrant  non-migrant
5.31% 3.03% 1.69%

180 No time series data on private human capital investment are available.
181 The name of the survey: Kenya - Migration Household Survey 2009. The report can be downloaded from:
http://microdata.worldbank.org/index.php/catalog/94
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Table B1 shows that households who have international migrant spend 5.31% of their monthly
income on education, whereas the internal migrant and non-migrant households spend 3.03% and

1.69% of their monthly expenditure on education, respectively.

Table B2 below shows the weighted average of the total spending on education by the households.

Table B2: Distribution of households by type of migrant

Number Percentage Weighted average
International migrant 713 36.71 1.949301
Internal migrant 557 28.68 0.869004
Non-migrant 672 34.6 0.58474
1942 100 3.403045

Table B2 shows that on average Kenyan households spend 3.4% of their monthly expenditure

*

Ih
c*

(consumption) on education. That is — = 3.4%.

B.7- World Bank Database Definition:
Agriculture is defined as:

“Agriculture corresponds to ISIC divisions 1-5 and includes forestry, hunting, and fishing, as well
as cultivation of crops and livestock production. Value added is the net output of a sector after
adding up all outputs and subtracting intermediate inputs. It is calculated without making
deductions for depreciation of fabricated assets or depletion and degradation of natural resources.
The origin of value added is determined by the International Standard Industrial Classification

(ISIC), revision 3. Data are in current local currency.”

Manufacturing is defined as:

“Manufacturing refers to industries belonging to ISIC divisions 15-37. Value added is the net output
of a sector after adding up all outputs and subtracting intermediate inputs. It is calculated without
making deductions for depreciation of fabricated assets or depletion and degradation of natural
resources. The origin of value added is determined by the International Standard Industrial

Classification (ISIC), revision 3. Data are in current local currency.”
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Gross Domestic Product is defined as:

“GDP at purchaser's prices is the sum of gross value added by all resident producers in the economy
plus any product taxes and minus any subsidies not included in the value of the products. It is
calculated without making deductions for depreciation of fabricated assets or for depletion and

degradation of natural resources. Data are in current Local Currency Unit.”
Household final consumption expenditure defined as:

“Household final consumption expenditure (formerly private consumption) is the market value of
all goods and services, including durable products (such as cars, washing machines, and home
computers), purchased by households. It excludes purchases of dwellings but includes imputed rent
for owner-occupied dwellings. It also includes payments and fees to governments to obtain permits
and licenses. Here, household consumption expenditure includes the expenditures of nonprofit
institutions serving households, even when reported separately by the country. Data are in constant

local currency.”
General government final consumption expenditure defined as:

“General government final consumption expenditure (formerly general government consumption)
includes all government current expenditures for purchases of goods and services (including
compensation of employees). It also includes most expenditures on national defense and security,
but excludes government military expenditures that are part of government capital formation. Data

are in constant local currency.”
Gross capital formation (Investment) is defined as:

“Gross capital formation (formerly gross domestic investment) consists of outlays on additions to
the fixed assets of the economy plus net changes in the level of inventories. Fixed assets include
land improvements (fences, ditches, drains, and so on); plant, machinery, and equipment purchases;
and the construction of roads, railways, and the like, including schools, offices, hospitals, private
residential dwellings, and commercial and industrial buildings. Inventories are stocks of goods held
by firms to meet temporary or unexpected fluctuations in production or sales, and "work in
progress.” According to the 1993 SNA, net acquisitions of valuables are also considered capital

formation.”
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Government education expenditure is defined as:

“Education expenditure refers to the current operating expenditures in education, including wages

and salaries and excluding capital investments in buildings and equipment.”
Foreign aid is defined as:

“Net official development assistance (ODA) consists of disbursements of loans made on
concessional terms (net of repayments of principal) and grants by official agencies of the members
of the Development Assistance Committee (DAC), by multilateral institutions, and by non-DAC
countries to promote economic development and welfare in countries and territories in the DAC
list of ODA recipients. It includes loans with a grant element of at least 25 percent (calculated at a

rate of discount of 10 percent).”

B.8- One-sided HP Filter versus Two-sided HP Filter

Regular HP filter (or two-sided) uses a full sample, leading to end-point sensitivity. However, one-
sided HP filter (i.e. backward looking) uses data available at a given point of time. On the other
hand, Hamilton (2017) argues that the HP filter is characterized by spurious dynamic as the filtered
values in the middle of the sample are different from those at the end of it. He proposes an
alternative filter called the Hamilton filter. Table B3.1 below compares the stylized business cycle
facts for the Kenyan economy. The main differences between the filters are in standard deviations
where one-sided HP filter variables’ volatilities are lower than in two-sided HP filter and Hamilton
filter. Concerning the correlations, no significant changes in signs, but the magnitude changes from

one filter to another. For calibration purposes, | use one-sided HP filter.
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Table B3.1: Kenyan data moments

Filter Type HP1Sided  HP2Sided  Hamilton
Filter

Standard Deviations

GDP 0.0288 0.0352 0.0405

Consumption 0.0493 0.0658 0.0775

Physical capital investment 0.1025 0.1270 0.2088

Exogenous Variables

Government expenditure 0.0686 0.0748 0.1095

Public human capital investment 0.0901 0.0989 0.1268

Aid 0.2080 0.2137 0.2961

Table B3.2: Kenyan data moments

Correlations with GDP

Consumption 0.8337 0.8580 0.7297

Physical capital investment 0.4233 0.3632 0.5587

Public human capital investment 0.1812 0.1289 0.1826

Government expenditure -0.0434 -0.0604 -0.0584

Table B3.3: Kenyan data moments

Correlations with Aid

GDP 0.3508 0.2143 0.1483

Consumption 0.0931 0.0562 0.0347

Physical capital investment -0.0652 -0.0512 0.0037

Public human capital investment -0.1161 -0.1183 -0.1136

Government expenditure -0.2946 -0.2431 -0.1067

Table B3.4: Kenyan data moments

Correlations with public human capital

GDP 0.1812 0.1289 0.1826

Consumption 0.1857 0.1067 0.2239

Physical capital investment 0.1733 0.1385 0.1256

Table B3.5: Kenyan data moments

Correlations with government expenditure

GDP -0.0434 -0.0605 -0.0585

Aid -0.2946 -0.2431 -0.1068

Consumption 0.0331 0.0473 -0.0662

Physical capital investment 0.1667 0.1381 0.1018
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B.9- Technology and Government Expenditure Shocks
B.9.1- Technology Shock (TFP Shock)

Figure B1 shows the impacts of a positive one-standard technology shock for the corresponding
responses. Higher productivity raises the marginal productivity in the goods sector, which induces
the representative agent to increase his working hours and enjoy less leisure time. In addition, the
TFP shock reduces the marginal cost of physical capital; this would lower the current marginal
utility of consumption compared to the future. Thus, the representative agent smooths his
consumption behavior and the balance is restored by investing in physical and human capitals.
However, the response of physical capital investment is 4.8 times than that for the private human
capital investment; this might be related to the reduction of the marginal cost of physical capital
due to the TFP shock.

The positive reaction of consumption occurs in the period in which the TFP shock occurs and
declines gradually in subsequent periods. Moreover, GDP increases on impact as a result of
increasing labor hours supplied then declines and stays above the steady state for a long period of
time. The dynamic effect of the TFP shock can also be felt in human capital accumulation. TFP
shock increases the marginal cost of human capital relative to physical capital; the representative
agent finds that human capital accumulation is expensive compared to physical capital and thus
reduces the hours devoted to acquire skills. However, higher productivity in the goods sector
increases private human capital investment on impact. The initial decline in study hours!®? and the
initial increase in private human capital investment have a direct impact on the accumulation of
human capital stock. Thus, human capital stock takes a humped shape that increases gradually and
reaches its peak after 20 periods after the realization of the TFP shock. On the other hand, the
response of physical capital stock is initially small on impact, increases in subsequent years after
the shock showing a humped shape that reaches its peak in the 7" period, and then declines

monotonically afterward.

The TFP shock increases both the marginal productivity of labor that stays above the steady state
for a long period of time as well as the marginal productivity of physical capital. However, the
marginal productivity of physical capital declines below the steady state and stays below it for a

long period of time after 6 years of the shock. The marginal productivity of study hours increases

182 TFP shock could increase the study hours if the cost adjustment in the physical capital law of motion
exceeds 2.2 and in this case the result would be consistent with Sakellaris and Spilimbergo (2000) where
they find that college enrollments in non-OECD countries is pro-cyclical.
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on impact but declines gradually afterward. The rise in the marginal productivity of study hours
emerges from the decline of studying hours, although the agent increases his own contribution to

private human capital investment.

A positive TFP shock leads to a pro-cyclical behavior for employment, consumption, and physical
and private human capital investment. The study time is found to be counter-cyclical and is

consistent with Dejong and Ingram (2001).
B.9.2- Government Expenditure Shock

In this sub-section, | provide the impact of government expenditure shock to some selected
stationary variables which are shown in Figure B2 below. An increase in government expenditure
leads to an immediate increase in output. On the other hand, there is a reduction in consumption,

private human capital investment, and physical capital investment.

Time allocated to work increases at the expense of study and leisure time, whom both decline. In
addition, both forms of capital stocks decline as a result from the reduction in investment in both
forms and due to the decline in study hours (for human capital accumulation). Real interest rate
rises on impact, while the real wage declines and stays below its trend for a long period of time.
Finally, the marginal productivity of study hours increases on impact and declines monotonically
below the steady state in the 6™ period.
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Figure B1: Impulse responses to a positive one-standard TFP shock
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Figure B2: Impulse responses to a positive one-standard government expenditure shock
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Appendix C: Two-sector DSGE Model
C.1- The Representative Agent’s Optimization Problem

The representative agent maximizes his expected inter-temporal utility taking price sequences

(PN, wl, rF}2, as given:

MAX (T 0N ¢ NT NN S, L 18 Kper s Hopa 1EO 2o Bt {logC,+ylogL,}  subjectto (C.1)
Se +NF+ NN +L, =1 (C.2)
1

Ce =[w(CH)™* + (A —w)(C)™H] = (C.3)
Cl+PNCYN + 1} +1f + T, =wN, H, +rfK, +F, (C.4)
Ko = I + -6 K, — 22— 1)2k C5

t+1 ¢ T ( i) Kt 2 Uk, )°K; (C.5)
Heyq = ARS, ™ IE™ (exp(z)II™) =M M2+ (1-6,) H, (C6)

The government budget constraint:
T, = PYII" + PG,
The Lagrangian function can be written as:

max{CtT,CgV,Ct,N?,NéV,St_Igl,KHl,HHl}EO Zgozo lgt {logCt+ YlOg(l - NtT - NtN - St)}
1
+ 2oe([w(CH™*+ (1 —w)(CNHTH] #-Cp)
+ At WEN He +1fKe + Fp - CF-PNCY - Kppq + (1-6)K; — 0 (s _ 12K, -1 - T)

2" K,

n AN1—71. —
+ Ao (ARSI (exp(zf) 7)1 M2+ (1-65) Hy - Hyyq ) (C.7)

Here, Ay - A,; are the Lagrange multipliers on the budget and transformations constraints.

First order conditions:

[C: - = 2ot (C8)

[CTT: Aoe[w(CT)™ + (1 — w)(CN) ] "5  w(C)~0+0) = 4y, (C9)
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[CY]: Aoe[w(CH 7 + (1 — w)(C)7H] i (1= w)(CM)~ W =PV 2y, (C.10)

. _ n2—1 AN1—m. —
[P Ay = Agemp ARSI (exp(zfl)lig Yz (C11)
. _ - n AN1—1. —
[Se): T s, = AeemALS T (exp (2t e (C.12)
IN]]: —Y—= Ay WPH, (C.13)

" 1-N]- N} -5,

Y = A WlH, (C.14)

NT.
[Ne']: 1-NT- N} -5,

[Kesr 1: Are 1+ OCEL = 1] = BB, araa (ry +(1-6) + BGE2 = 1) 2 - 22 — 1)?)]

Ki41 Ke+1
(C.15)
[Hep1 ] Aze = ﬁEt[[Alt+1(WL{l+1Nt+1 ) + AZt+1((1'6h) 1 (C.16)
The transversality conditions for physical and human capital are as follows:
tlLrglo Bt 21K =0 and tll_)lg Bt AztHeyr =0 (C.17)
From equations (C.9) and (C.10), the relative price of non-tradable goods is derived:
Py = (=2) (%)‘(“") (C.18)

Equation (C.18) equates the marginal rate of substitution between tradable good consumption ¢/

and non-tradable good consumption C} to the relative price of non-tradable goods P} each period.

Combining equations (C.8), (C.9), and (C.15) to get the Euler equation that equalizes the marginal
private cost of sacrificing a unit of current tradable consumption good with the marginal private

benefit of allocating the extra savings into aggregate physical capital:

L[+ (1= 0)(E) ] 5 0@+ 0~ 1)] = BB w(CL) T +

1
(1 - w)(CL)™] 5 (€)W, +(1-6,) + Oz — 1)Kz 8 Kue 4329y (c 19)
Kty Kiy1 2 "Kptl

Combining equations (C.8), (C.10), and (C.15) to get the Euler equation that equalizes the marginal
private cost of sacrificing a unit of current non-tradable consumption good with the marginal

private benefit of allocating the extra savings into aggregate physical capital:

201



1

[w(C# + (L~ w)(C) ] TF (1 - @)Y 1 + ottt - 1)) -

1

Ce
1

PR [0(CT) ™ + (1= ) (CED™] 5 (1 - @)(Cl) (ol +(1-6,) + OGEE -

1) Kera 2 (Kerz _ 4y2yy (C.20)

Kep1 2 “Ke+1

Equations (C.19) and (C.20) correspond to Euler equations that equalize the marginal private cost
(LHS) of sacrificing one unit of current consumption of tradable and non-tradable good with

marginal private benefit (RHS) of allocating the extra savings into the aggregate physical capital.

Combining equations (C.12), (C.13), and (C.16) to get:

Y
(a-NT-NN-sp)

TI1A?5t ﬂ1—1lgln2 (exp(zgl)lfh)l_nl_nz

=BEA [+

1_Ngw+1_ Ntl\ﬂd_ St+1 Hi4a

Tk ; 1 (C.21)

h -1;h T2 R N IR \1-71—
N1AR  Sepa UL (exp (2l DIZS )2

Equation (C.21) corresponds to the human capital Euler equation that equalizes the current
marginal private cost (LHS) for an extra unit of time spending on education with the marginal

private benefit (RHS) responses in the future.

Combining equations (C.8), (C.9), (C.11), and (C.12) to get:

G : = i (€.22)
(1-NT = NY 5[ (cT) “+(1-w)(c) ] TF  w(cl) EHy 2%
Equation (C.22) is the intra-temporal Euler equation that shows the relationship between
consumption, private human capital investment, leisure time, and time devoted to acquire human
capital. It sets the marginal rate of substitution between consumption and leisure (LHS) equals to
the marginal rate of substitution between private human investment and time allocated to study;

this relationship holds every period.
Combining equations (C.8), (C.9), and (C.13) to get:

C _ _ 1 _
oy = €T+ (L= w)(C)] T w(CD T OwEH, (C.23)

Equation (C.23) is the intra-temporal Euler for leisure and consumption (tradable). It equates the
effective opportunity cost of leisure to the marginal rate of substitution between leisure and

consumption.
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Combining equations (C.8), (C.10), and (C.14) to get:

YCePY

1
s, = [0 ™ + (L= @)(E) ™ TF A = @)(E) O wiH, (C.24)

Equation (C.24) is the intra-temporal Euler for leisure and consumption (non-tradable). It equates
the effective opportunity cost of leisure to the marginal rate of substitution between leisure and

consumption.

Definition. The consumption based CES price index Pf is the minimum expenditure I, to consume

1
Ce = [w(CH™ + (1 — w)(CN)™#] #suchthat, I, = Pf C,, given PN. By duality theory, this is
equivalent to maximize the representative agent’s consumption subject to his consumption

expenditure:

1

maxcr ony[w(C) ™ + (1 —w)(CF)7H] * (C.25)
subject to
Pf C= ¢ +PYCY (C.26)

Set up the Lagrangian:

1

maxer ;v [@(C ™+ (1 - w)(C)T#] # +1(Pf G- ¢ -PYCY) (C.27)
The necessary first order conditions:

1
[CF1: [ (€)™ + (1 — @)(C)™] " w(CF)~®+D =) (C.28)

[CN]: [0(€T) ™ + (1 — )€Y ™] T+ (1 — w)(CN) "0+ =pV 2 (C.29)

Combining equations (C.28) and (C.29) with (C.26) to derive the Marshallian demand functions

for ¢I and CY as follows:

1 1

cT = (1-w) EPE G - (@FHPE G (C.30)
-1 [ S I EEE )
(1-w) THE + (w) 1+H nglﬂt WIth + (1-w)1+H ng1+#

1 1 1 1
CN — (w) 1K PtC Ce PtN i (1—w)its Pt:c Ce ng il (C 31)
t — 1 1 w - 1 1 w .

(1-w) THE 4+ () 1THH ng1+# WItHh + (1-w)1+H ng1+#
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The CES price index is found by substituting the Marshallian demands equations (C.30) and (C.31)
into equation (C.25):

=

1 —u 1 1 —H
T+u pC _ . N1+u pC N 1+u _1
C = [w< T (o) Pt1Ct i ) +(1-w) ( (11w)1+# d Ct1Pt 1;# ) ] (C.32)

Wt + (1-w)THR ng1+u wlIth + (1-w)1+H ng1+u

The solution for the CES price index P of equation (C.32) is:

N i k. 1tp
PE = [ + (1 — w)ms (Pl yioa] & (C.33)
From equation (C.33), Pf is an increasing function of PY.

The Euler equation of the physical capital and the composite good can be written by combining
equations (C.17), (C.19), (C.25), (C.26), (C.30), and (C.31) as:

1

K; K 0 K
= BB +(1-8) + OG- 1) - SGE - 1Y) (C.34)

1+®(K§—:1—1)]

C
Pt

1
C_t[

Equilibrium equation (C.34) is the first Euler condition that equalizes the marginal private benefit
(RHS) of allocating the extra savings into the aggregate physical capital with the marginal private
cost (LHS) of sacrificing one unit of current consumption. In other words, the Euler equation

equates marginal utility of consumption to the marginal utility of saving.

C.2- Firms’ Optimization Problems

There are two types of representative firms owned by the representative agent: one produces a
tradable good and the other produces a non-tradable good. Both firms operate in a competitive
domestic market and the factor demands are determined in a perfective competitive fashion. The
representative firm chooses physical capital and effective labor® to maximize profits taking prices

as given each period.

The tradable good firm’s maximization problem can be written as follows:

max ATexp(z]) KT¢(H)Y™ - vk (KT, KY) - wlich(HT, HY) (C.35)

-
{k{ H{}

The necessary first order conditions yield:

183 Tradable effective labor: H = NS HT and non-tradable effective labor H¥= NNHY.
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KL\ o
[KTT: aAT exp(el) (K)e = r k(KT KV yros
t

—_~ KT
[He]: (1 — AT exp(z]) (C)* = wi wfp(H], HY)
t

1

In (C.36) k(KT KN) = [(KF) ™k + (KY) ™[k (KF)~CietD

-1
In (C.37) kj(HT, HY) = [(HT) ™ + (HY)™r ] (HT)=0w D /NT
Solving for the rate of return on physical capital:

T Ty Klya-1
ade exp(z;) (=)
7T = Hy
I =
K (KT

and the wage rate per unit of effective labor:

T
K
(1-a)AT exp(z]) (L)*
HL

T —
Wt =
Kkp(HEHY)

The non-tradable firm’s maximization problem is written as follows:

max PN AYexp(z) KNO (HM) 0 - vV k(KT | KY) -wl k(1T HY)

& 1Y}
The necessary first order conditions yield:
KN.g-
[KN): PYOAY exp(zt') )0t =iy (K K
t

KN
[He]: PY (1 = O)AY exp(zl) PN = wik(HT, HY)
t

-1
In (C.41), k&(KT, KNY = [(KD) ™% + (KN)™k]%  (KN)~ @D

-1
In (C.42), k(H, HY) = [(H) ™ + (HY) ™ (HY)= 0wt D /N

Solving for the rate of return on physical capital:

184 By implicit differentiation.

(C.36)

(C.37)

(C.38)

(C.39)

(C.40)

(C.41)

(C.42)
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Ng 4N Ny KE 6-1
P 0Ap exp(zg) (H?N)
t

PN = (C.43)

Ky (KT LK)

and the wage rate per unit of effective labor:

N
K
P (-0)4¢ exp(zt) )°
t

N —
;=

w (C.44)

wey (HE HEY)

Factors of production earn their marginal productivities since factor markets are competitive and

the standard zero-profits condition holds such that:

XK, + wiN H, =YT + PNYN (C.45)

C.3- The Equivalent Social Planner’s Problem

The first and second welfare theorems state that the solution to the competitive equilibrium yields

the same allocation as the solution to the social planner’s problem.

The social planner maximizes the following expected intertemporal utility of the representative

agent:

MGX(CT N o NTNY.S, L P Kesn  Hown 1T 1T i tyEo Zizo B {logCe+ vlogLe } (C.46)

subject to

Se + NF+NN+L, =1 (C.47)

1

Ce = [w(CH™F + (1 - w)(CN)H] & (C.48)

CT + 1k + 1P= ATexp(z]) KT“(NTHE)Y™® + Fexp(zf) (C.49)

N + Gy + 17" = Aexp(zl) KN (NN HY )0 (C.50)

Kipi = I¥ + (1=6)K, — 281 _ )2k C.51

t+1 — 1t ( k) t 2 K; ) t ( . )

Hepy = ARS, IR (exp(zf)IZ™) 1Mt (1-8,) H, (C52)
-1

Ke = [(KD)™% + (KN 7] (C.53)
-1

Hy = [(HD)™r + (HY) 7] (C.54)
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The Lagrangian function can be written as:

t T N
max E, Y logC; +vlog(1—N; — N¥ —S
(TN CoNT NS¢ 1Koy, Hen KT HT kY myEo Zezo B {logCe+ylog(1 — Ni — Ni' — St}

+ Aot (@(CH ™ + (1 - )] * =€)

- 9 K
+ A1 (ATexp(z{) K[ (NTH])' ™% + Fexp(zf) — Cf — I = Keyq + (1-8)K, — Gk~

1D?Ky)

+ dyr (AVexp(zl) KNO (NYHIY O - ¢ — G, — 17"

1

+ Aap(Ke — [(KT) ™ + (KN)™e]k )

FAge(Hy — [CHD) ™ + (HY) ™0 ]n)

+ Ase(ALS, n1[£1"2 (EXP(Z?)[tgh)l_m_nz"' (1-6) Ht - Heyq) (C.55)
The necessary first order conditions associated with the social planner’s problem are:
1
[Ce): = = ot (C.56)
t
1
— — ———1 —
[CT1: Age[w(CD)™# + (L= )(C)H] "+ w (€)™ = 2y, (C.57)
1
[CN]: Aoelw(CD ™ + (1= w)(CN)™] 7o (1 - @)(CM) O+ = 2y, (C.58)
[]: Aqe = AsenpALS, 1711;1"2_1(eXp(Zgl)Iigh)l_m_nz (C.59)
—1,p7 -
[Se): o, = AsemALS, ™ T (exp(al) M) e (C.60)
IN{): sorams, = Aae (o) ATexp(zl) KT (NI H) =@ HY (C61)
N} s, = Aze (1-0)AYexp(zl) KO (NN HE) O HY (C.62)

[KevnJ: Are[1+ OCEL — D] = BE,[Are4r (1-6)) + BGHE — 1) 22 -

Kiv1

[Hes1 1 Ase = BEe[Ase41((1-61) + Agp41]

[0}
2 &z _ 1)2)4 2544]

2 “Kp+1
(C.63)

(C.64)
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a—-1

[KTY: dae (@AT exp(al) (pr) )= Asel (R ™ + (K)o (K)o (C.65)

6-1 -1
[KM:22:(04F exp(zl) (pm)  )=Ase [KD) ™% + (I (k0 (C.66)

[HtT]3 Ae(1— “)A exp(zt) (NTHT)aNt = A4t[(Hz) Vh + (Hév) vh] (HtT)_(VhH) (C.67)

[H2]:A2¢(1 — 0)AY exp(zl) (NNHN) N2y [CHD) ™ + (HY ™ (H) 00D (C.68)
The transversality conditions for physical and human capital are as follows:

tlLrglo Bt 2A1¢Ke41 = 0 and tll_)lg Bt AstHeyr =0

Combining equations (C.56), (C.57), (C.63), and (C.65) to get:

LoD+ -a) (@) M T w0 [14o(f2-1)] =

t

i ety - et

T a-1
t+1
(@ATy; exp(zf41) <N ;T > )
tr1Hees

-v -v —(Vg+D)
[(KZ+1) “+(kf) k]vk (KZ+1) g

1)3)] (C.69)

— K K ? K
(€L G R Com oA Gl

Kipr 2 “Ke+1

Equation (C.69) corresponds to the intra-temporal Euler equation for consumption that equates the
marginal social cost of giving up one unit of current consumption with the marginal social benefit

of allocating extra savings into aggregate physical capital; i.e. physical capital Euler equation.

Combining equations (C.60), (C.61), (C.64), and (C.67) to get:

+
(a-NT-NN-sp)

n,ARs, M 11? % (exp(zl )Igh)l n1-12

— Y
ﬂt{ T N (

1=Nip1= Nigq1—St+1

Nl + (%) )} (C.70)

-1 h n1-1th 1-1m1-12
T T \Vhy(gN VIR YT v OrtD M4 St 1, " (exp(zly DIZL )1
Ht+1[(Ht+1) +(H,) ] h (Hfyq) e

Equation (C.70) corresponds to the intra-temporal Euler equation for human capital; it equates the
current marginal social cost (LHS) for an extra unit of time spent on acquiring human capital with

the marginal social benefit of the human capital in the future.
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Combining equations (C.57), (C.58), (C.65), and (C.66) to get:

T 1w (1+u) g AN o1 K —(Vi+1)
adl exp(el) (s757) = (52 G 00 0aY expl) () )0 (C.71)
Equation (C.71) equates the marginal productivity of physical capital across sectors.

Combining equations (C.57), (C.58), (C.67), and (C.68) to get:

(1 — a)AT exp(z]) (NTHT) M= EY Erem (- 0)aY exp(al) (NNHN)G

N (%)‘Wh“) (C.72)

Equation (C.72) equates the marginal productivity of human capital across sectors.

Combining equations (C.56), (C.57), and (C.61) to get:

= () (1= @) ()] T () 1w ATexp(e]) (i) HE
(C.73)

Equation (C.73) is the intra-temporal Euler for leisure and consumption (tradable). It equates the
effective opportunity cost of leisure to the marginal rate of substitution between leisure and

consumption.

Combining equations (C.56), (C.57), and (C.62) to get:

Y& [w(CDH™ + (1 — w)(CMH™H] _i_l(l _ a))(CéV)_(H")(l-

1-N{ - NN -5,

0)AYexp(zl’) (sriw) HY (C.74)

NNHN)

Equation (C.74) is the intra-temporal Euler for leisure and consumption (non-tradable). It equates
the effective opportunity cost of leisure to the marginal rate of substitution between leisure and

consumption.

Combining (C.56), (C.58), (C.59), and (C.60) to get:

YCt — nalf

125t

; (C.75)
(1-NF= NN =5 ([ (c]) “+a-w)(cM)#] E  w(c]) )

Equation (C.75) is the intra-temporal Euler equation that shows the relationship between

consumption, private human capital investment, leisure time, and time devoted to acquire human
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capital. It sets the marginal rate of substitution between consumption and leisure (LHS) equals to
the marginal rate of substitution between private human investment and time allocated to study;

this relationship holds every period.

C.4- Steady State

In steady state, consumption, tradable and non-tradable consumptions, output, tradable and non-
tradable outputs, tradable and non-tradable physical capitals, and tradable and non-tradable human
capital, investments in both form of capital are all constant; i.e. X; = X;,, = X, where X €
(C,cT,cN L, NT,NV S, I¥, 1", K, H,KT,KN,HT,H" ). The steady state equilibrium can be
achieved when the technology, foreign aid, government expenditure, and public human capital
shocks are assumed to be constant; i.e. exp(z/) = exp(zl) = exp(z{ )= exp(zf)z exp(th) =1V

t. The necessary first order conditions of the social planner problems become:

T
T, K a—1
aA” (: N<T H*T)

1_
Lo s+ 150 c76)
K*T_(Vk+1) [K*T_vk_l_ K*N_vk]_ Vi
1 N*T 1- 6
= +
nlAhs*(Wl_l)Ih*nzlgh*(1_171_"2) ﬂ [ VptD) nlAhS*(rll_l)Ih*nzlgh*(1_n1_n2)]

TR [HT Ry pN VR v

(C.77)
KT ae 1-w, CN, _ KN N kT
T ()= (52 Cp @ eal () ()0t (C.79)
T KT SansT T at1) — (1=9y N a4+ N (_KN o *N 7N\ (Vp+1)
(1 = QAT (o) AN T (H YWD = (22) (S0 (1 - 0)AY () NN (H™)n
(C.79)
ve = «Ty—p Ny-p1 L Ty =(1+) T KT Sapsr
m— [a)(C ) +(1—0))(C ) ] H w(C ) (1—(X)A (N*TH*T) H
(C.80)
yc — *T— Ny-py L *NY—(1+1)
Ty s+ (A =) TH] (A=) (CT) A~
kN \? .
0)4" () H™ (C.81)
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]/C* _ 7711’1*

S P (C.82)
A-NN= N*T =5 ([w(C*T)H+1-w)(CN) 1] B " w(cT)~a+w) 12
L*+NT+ N*T +5*=1 (C.83)
c*T +1h* +1k*:ATK*T“(N*TH*T)1—a' + F* (C84)
C*N 4 [91" 4 G* = ANK*N® (N*N N y1-6 (C.85)
1
C*=[w(CT)™*+ (1 —w)(CMN)H] = (C.86)
=6, K* (C.87)
h* 5hH* 1
I = e | ™ (C.88)
-V -V _i
K*=[KT "+ KN v (C.89)
v L
H* — [H*T h + H*N h] vp (C90)
C.5- Balanced Growth Path
A balanced growth path (BGP) is a solution to the following equilibrium dynamic system:
1
Gl ™+ A= w)(C) ™ ¥ W) W 140 (- 1)]=
Ct Kt
1 _ -1
PEl— [w(ChD) ™+ (1 - @) (€)™ #
( T ( T ) K{+1 o
@Atyq €XP(Zt4q < T T ) )
W (CE) 0 i v (1-6) + oz gyt BKte
(kT ™+ (et P aef) Y A
1)?)] (C.91)
Y

(a-NT-NN-sp)
n,ArSs, 771_11;‘772 (exp(zgl)lfh)l—nl—ﬂz

=BE{ ! (

\
1_Ngw+1_ N?—’H_Stﬂ

T
Niyq (1-6n)
—1_ h ni—-1;h T2 h y9h y1-n1-7
T T \ Vh N " VaT, YT - (WRTD N1A¢415t+1 Ithq, “(exp(zgyq )l )7 M17M2
Ht+1[(Ht+1) +(H{4) ]h (Hi11) .

)} (C.92)
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a-1 6-1 . r
adl expl) (sier) = (2 G0 0aY exp(al)) (pm) G ¥ (€99

(1 — a)AT exp(z]) ( ) NT o= Y Eam (1 - )l exp(z) (ot )9
plzt NTHT t > cT plz: NN
T

N (5~ CntD (C.94)

t

C 1
s = [0 + (1= w) ()] T w(C) T LA exp(e] )(NTHa“Ht

(C.95)

c _ -1 _

s = [eE) ™+ (= )€ T A - o) ()T
]
0AYexp(zl) (aem) HE (C.96)
YC¢ _mqdf

T_ yN T\ H Ny o1 (140 - ﬁ (C.97)
@-NT-NN-sp([w(c]) "+@a-w)(cM)—#] # " w(c]) )
Se + NF+NN+L, =1 (C.98)

1
Ce = [w(CH™H+ (A —w)(CHH] * (C.99)
cf +1k+1r=Y] + Fexp(zf) (C.100)
c¥ +G, + 19"=yN (C.101)
_ Ik P Ket1 2
Kevw =1 + A =6) Ke = 5 (5=~ 1)°Ke (C.102)
Hepy = ARSMIE™ (exp(zf)I") 12+ (1-6y) H (C.103)
-1
Ke = [(KD) ™% + (KY)7Ve]vx (C.104)
it

Hy = [(H)™" + (HY)™Vr]r (C.105)
) (Ct) (4w (C.106)
Y[ = ATexp(zl) K¢ (NTHT )1« (C.107)
YN = AVexp(zM) KNO (NN HN )9 (C.108)
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Y=Yl + PNYN (C.109)

Let gy, 9yT, GyN, 9cr 9Ty G Giks 9pho Guy INTs GNNs Iss Ikr 9Ty 9N Guy GyT, and gyn be
the growth rates of the variables Y, Y1, YN, ¢, cf, ¢N 1F, 1} L., NI, NN, S,, K,, KI', KN, H,,
HI, and HY, respectively. Since L,, NF, N, and S, are bounded between 0 and 1 (equation C.98),
this implies that their growth rate along the BGP is zero (i.e. g,= gyr=gyn=gs= 0). | need to

show that in our model with human capital all the other variables along the BGP should be

stationary for an exogenous growth model. o G; ,and F*exp(ztf ) are exogenous variables and

their growth rates are zeros in the model.

Marginal productivities of physical and human capital and relative price of non-tradable goods are

k[ kY ki H
TyT' NNgN?' N N
Ni Hy Ny He' Ki' Hy

N
stationary along the BGP. From (C.93), (C.94) and (C.106), and i—fT should be
t

constant, this implies that:
IcT = GeN = GgT = GgN = gyT = gyN-

In (C.99), C; = Co(1+gc)t, €I = C§ (1+ g.r)t, and € = ' (1+ g.n~)* and to satisfy equation
(C.99),thus gc = g.r = gcn.

In (C.104), K, = Ko(1+gx)", KT = KT (1+ ggr)t, and K = K{'(1+ g,n)t and to satisfy equation
(C.104),thus g = gxr = ggn.

In (C.105), H, = Hy(1+gy)", HI = HI (1+ g,r)t, and HY = H) (1+ g,,n)* and to satisfy equation
(C.104),thus gy = gy = gyn.

In (C.95), C; = Co(1+gc)t, CT = CF(1+ g.r)t, €Y = C{(1+ gon)t, and HI = HY (1+g,r)t and
to satisfy equation (C.95), thus g = g.r = genv = gyt

In (C.95), C; = Co(1+gc)t, CT = CF(1+ g.or)t, €Y = Cl(1+ gon)F, and HY = HY (1+g,n)" and
to satisfy equation (C.95), thus g = g.r = gov = ggn.

In (C.97), C, = Co(1+gc)t, €T = CT(1+ g.r)t, €N = C§ (1+ gon)E, and If = [} (1+g,»)" and to
satisfy equation (C.97), thus gc = gor = genv = gpn.

In (C.107), Y =Y{ (1+ gyr)t, KF = K3 (1+ g,r)t, and H] = H{ (1+ g,r)t, since ggr = gyt

this implies that g,r = g7 = gyr.
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In (C.108), YN = Y (1+ gyn)E, KY = K (1+ ggn)t, and HY = HY (1+ gyn)t, since ggen = gy

this implies that g,n = gyv = gyn.

In (C.109), Y; = Yy (1+gy)t, YT = YJ (1+ gyr)t, and Y = YV (1+ gyn)* and to satisfy equation
(C.109),thus gy = gyr = gyn.

In (C.100), C{ = CT(1+ g.r)t, If = 1E(1+g,1)¢, and YT = Y{ (1+ g, )" and to satisfy equation
(C.100), thus g.r = gyr = g«.

In (C.101), C = C{'(1+ g on)', 1P = I¢(1+g,n)", and YV = YV (1+ g,nv)" and to satisfy equation
(C.101), thus g.n = gyn = g;n.

In (C.92), n, AS, "~ 1™ (exp(z!)I9™) 11172 is the marginal productivity of study hours and
it is stationary along the BGP. To satisfy equation (C.92),
NZ+1

-1
- -vuTvn—t —(vp+1)
T [(HE) () ()T

should be constant along BGP, thus g,r = gur =

gyn = 0.

Therefore, gy= g,r= gyn=
9c=9ct=geN= g k= gn=g1= GNT= GNN= 5= Ik = 9kT= 9xN=9n= gyr=9n=0.

Thus, all the variables are stationary along the balanced growth path, indicating that the present

model exhibits an exogenous growth behavior.

C.6- Technology Parameters’ Estimates

The technology parameters (o and 0) are estimated from the Kenyan national accounts data on
production accounts by industry, sectoral factor payments, and GDP at factor cost for the period
1990-2014 (See Tables C1 and C2). The share of labor in the industry!8 and service sectors value
added (treated as non-tradable output) is straight forward, and it is estimated at 1 - 6 = 0.55. The
computation of the share of labor in the agricultural sector (tradable sector) is not straight forward,
due to the poor accounting system in the agricultural and forestry sectors. Odhiambo et al. (2004)
estimate that around 70-75% of the total agricultural products are produced by small-scale farms,

which are characterized by low productivity and the usage of primitive technologies. The data

185 Manufacturing included.
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available for the agricultural and forestry sectors compensation of employees represents 10-15% of
the total value added of agricultural and forestry outputs; the rest goes to gross operating surplus
and gross mixed income. Since it is hard to differentiate between gross operating surplus and gross
mixed income in Kenyan national accounts data; | assume that 70% of the gross operating surplus
and gross mixed income is the share of labor in the small-scale farms. Upon using this assumption,

| estimate the share of income in the agricultural sector at 1 - o. = 0.65%6,

The values of physical capital shares in the tradable and non-tradable sectors (o and 0) are estimated
to be 0.35 and 0.45, respectively. These estimates show that the non-tradable sector is physical

capital intensive and the tradable sector is human capital intensive.

Table C1: Estimates of labor and capital share in Kenyan agricultural
output

year Agr.lab  Agr.cap  Agr. lab share  cap share

1990 21820 54330.4 76150.4 0.2865382 0.7134618
1991 23498.2  60277.2 83775.4 0.2804905 0.7195095
1992 25748.2  68627.6 94375.8 0.2728263 0.7271737
1993 28618.2  87030.4 115648.6  0.2474582 0.7525418

1994 33232.8 106597.8 139830.6 0.2376647 0.7623353
1995 39272.4 1305514 169823.8 0.2312538 0.7687462
1996 46011.2 143874.2 189885.4 0.2423104 0.7576896
1997 53039.2 159214.8 212254 0.2498855 0.7501145
1998 64518.6  178727.8 243246.4 0.2652397 0.7347603
1999 69796.2 17214494 241941.14 0.2884842 0.7115158
2000 77865.47 159509.02 237374.49 0.328028 0.671972

2001 72853 315964 388817 0.1873709 0.8126291
2002 77591 297059 374650 0.2071026 0.7928974

2003 84600 324605 409205 0.2067423 0.7932577
2004 92994 359408 452402 0.2055561 0.7944439
2005 101587 402570 504157 0.2014987 0.7985013
2006 116394 394239 510633 0.2279406 0.7720594
2007 121495 413929 535424 0.2269136 0.7730864

2008 126246 492699 618945 0.2039697 0.7960303
2009 146205 580655 726860 0.201146  0.798854
2010 181978 987678 1169656  0.1555825 0.8444175

2011 209361 1241054 1450415  0.1443456 0.8556544
2012 229942 1400048 1629990  0.1410696 0.8589304
2013 267389 1529897 1797286  0.1487738 0.8512262
2014 309065 1735112 2044177  0.1511929 0.8488071
Averages 0.2215754 0.7784246

186 1 - ¢ = (0.7%0.78) + 0.1 = 0.646
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Table C2: Estimates of labor and capital share in Kenyan
industrial and services (I & S)sectors

year (1&S) lab (1&S)cap  (1&S) lab share cap share
1990 52958.136  41698.664  94656.8 0.55947524 0.440524759
1991 59089.876  53003.924 112093.8 0.52714669 0.472853307
1992 73281.132  64445.468 137726.6 0.53207682 0.467923175
1993 87010.264  67522.936  154533.2  0.56305224 0.436947763
1994 116348.184 69901.016 186249.2 0.62469092 0.375309081
1995 140174.728 79111.672 219286.4 0.63923129 0.360768712
1996 140931.144 118116.056 259047.2 0.54403655 0.455963454
1997 170019.756 132738.044 302757.8 0.56157019 0.438429808
1998 207359.656 159523.144 366882.8 0.56519318 0.434806821
1999 226270.134 153949.586 380219.72 0.59510363 0.404896373
2000 254068.525 180776.245 434844.77 0.58427407 0.415725926
2001 297795.68 219238.32 517034 0.57596924 0.42403076
2002 319487.08 213066.92 532554 0.5999149  0.400085099
2003 349148.34 257168.66 606317 0.57585115 0.424148853
2004 391246.54 307030.46 698277 0.56030277 0.439697226
2005 427278.26  363534.74 790813 0.54030252 0.459697476
2006 515704.82 514286.18 1029991  0.50068867 0.499311334
2007 577955.44  498316.56 1076272  0.53699756 0.463002438
2008 614613.2 619896.8 1234510  0.49786004 0.502139958
2009 685261.06 661391.94 1346653  0.50886239 0.491137613
2010 857762.58 800016.42 1657779  0.51741672 0.482583276
2011 951096.6 946483.4 1897580  0.50121555 0.498784452
2012 1062452.16 1136655.84 2199108  0.48312869 0.516871313
2013 1234473.22 1220887.78 2455361  0.50276649 0.497233515
2014 1400013.22 1393147.78 2793161  0.50122897 0.498771027
Averages 0.54793426 0.452065741
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C.7- Technology and Government Expenditure Shocks
C.7.1- Technology Shocks!®” (TFP Shocks)

Figure C1 reports the impacts of a positive one-standard-deviation technology shock for the
corresponding impulse response functions. Given that both shocks are perfectly correlated, the
dynamics of the relative price of non-tradable goods is determined by physical capital investment.
For instance, when a positive TFP shock hits the economy, the tradable and non-tradable outputs
increase, causing total output to increase. Higher productivity declines the marginal cost of physical
capital, inducing the representative agent to increase physical capital investment. Thus, the
representative agent smooths his consumption behavior and the balance is restored by investing in
physical and human capital. The response of physical capital investment is 3.6 times that of private
human capital investment. Consequently, both the tradable and non-tradable consumptions increase

and the relative price of non-tradable goods decline.

The decline in the relative price causes a reallocation of resources between sectors; the tradable
labor, tradable physical capital, and tradable human capital increase on impact. On the other hand,
the depreciation of the relative price of non-tradable goods causes non-tradable labor, non-tradable
physical capital, and non-tradable human capital to decrease. However, total labor supply increases
as a result of the TFP shocks due to higher marginal productivity of labor; time devoted to acquire
new skills declines due to the high opportunity cost of studying. Furthermore, a TFP shock has a
positive impact on the marginal productivity of study hours that increases on impact and stays
above trend for a long period of time. The high marginal productivity of labor and the high marginal
productivity of study hours are the two forces facing the representative agent in determining the

optimal allocation of his time among labor, leisure, and study hours.

A positive TFP shock leads to a pro-cyclical behavior for employment, the tradable and non-
tradable outputs, tradable and non-tradable consumptions, and physical and private human capital
investment. The study time is found to be counter-cyclical which is consistent with Dejong and
Ingram (2001).

187 Tradable and non-tradable productivity shocks are perfectly correlated.
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C.7.2- Government Expenditure Shock

In this sub-section, | provide the impact of a positive one-standard-deviation government
expenditure shock to some selected stationary variables, which are shown in Figure C2 below.
Government expenditure shock can easily alter the non-tradable consumption, causing the relative
price of non-tradable goods to increase. The relative price appreciation reallocates the resources
from the tradable sector to the more profitable sector, the non-tradable sector. Thus, non-tradable
labor supply increases at the expense of tradable labor, causing the non-tradable output to increase
and the tradable output to shrink. Total labor supply increases at the expense of study and leisure
time, leading to an increase in total output. In addition, there is a reduction in total consumption,
private human capital investment, and physical capital investment. Finally, the marginal

productivity of study hours increases on impact.
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Figure C1: Impulse responses to a positive one-standard-deviation TFP shock
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Figure C2: Impulse responses to a positive one-standard-deviation government expenditure shock
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C.8- Stationarity and Rank Tests

Table C3.1: Augmented Dickey-Fuller unit root

test
. . 1(2) vs
Variable Level 1(2) vs 1(0) Lags 1st Diff I(1) Order
aid -1.72 Don't reject 0 D+T -7.41%** Reject 1(1)
gdp -2.97 Don't reject 1 D+T -6.05%** Reject 1(1)
trad -2.05 Don't reject 0 D+T -8.94*** Reject 1(1)
pT -2.78 Don't reject 1 D+T -6.13*** Reject 1(1)
pNT -2.17 Don't reject 0 D+T -4 49%** Reject 1(2)
*hx *% * represent significant at 1, 5, and 10% respectively; D for drift, T for trend
Critical values (D+T): -4.178 (1%), -3.513 (5%) and -3.186 (10%)
Critical Values (D): -3.58 (1%), -2.930 (5%) and -2.603 (10%)
The ADF critical values are based on McKinnon (1991), optimal lag length (SIC)
Table C3.2: Phillips-Perron unit root test
Variable Level 1(1) vs 1(0) 1st Diff 1(2) vs I(1) Order
aid -1.83 Don't reject D+T -7.41%%* Reject D I(1)
gdp -2.37 Don't reject D+T -6.05%** Reject D I(1)
trad -1.87 Don't reject D+T -8.82%** Reject D I(1)
pT -2.91 Don't reject D+T -6.26%** Reject D 1(1)
pNT -2.83 Don't reject D+T  -4.97*** Reject D 1(2)

*hx *% * represent significant at 1, 5, and 10% respectively; D denotes for drift and T for trend

Critical values (D+T): -4.178(1%), -3.513(5%) and -3.186(10%)
Critical Values (D): -3.58 (1%), -2.930 (5%) and -2.603 (10%)

Table C3.3: KPSS Unit Root Test Results

Variable Level 1(0) vs I(2) 1st Diff  1(1) vs I(2) Order
aid 0.152** Reject D+T  0.098 Don't reject D I(1)
gdp 0.193** Reject D+T 0.35 Rej at 10% D I(1)
trad 0.223*** Reject D+T  0.345 Don't reject D I(1)
pT 0.187** Reject D+T  0.202 Don't reject D I(1)
pNT 0.194** Reject D+T  0.215 Don't reject D 1(2)

Asymptotic critical values D+T D

Level 1% 0.216 0.739

5% 0.146 0.463
10% 0.119 0.347

*hx k% * represent significant at 1, 5, and 10% respectively; D for drift and T for trend
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Table C3.4: Perron test for exogenous structural

break

. Outlier -
Country  Variable Break Type Break Year Type t-statistics Order
Kenya aid Intercept 1995 10 -3.11 (0.87) I(1)
p-value in parentheses and depends on the time of
break

Table C3.5: Zivot-Andrews test for endogenous Structural

Break

Country  Variable Break Type Break Year t-statistics  Order

Kenya aid Intercept 1996 -4.62 1(1)

Critical Intercept Trend Both

Value 5% -4.8 -4.42 -5.08

Table C4: Trace test of cointegration rank

p-r r Eig.Value Trace Trace* Frac95 P-Value P-Value*
5 0 0.644 112.637 105.993 97.792 0.003 0.012
4 1 0.426 64.159 61.276 72.202 0.173 0.255
3 2 0.319 38.073 36.874 49.028 0.361 0.421
2 3 0.29 20.032 19.658 30.866 0.474 0.5
1 4 0.081 3.951 3.926 14.888 0.901 0.903

Trend assumption: Unrestricted constant and restricted linear deterministic trend,;
*: the Bartlett small sample corrected test statistic
Frac95: 5% critical value of the test of H(r) against H(p)

The critical values and p-values are simulated under break
Proportion of the break differs from one country to another
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