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Abstract This chapter develops an application of a CGE model to analyze some
important economic features and policy problems forKenya, one of themost dynamic
African countries. The CGE model developed reflects the basic structure of the
Kenya’s economy and captures some of the key trade-offs affecting its policy choices,
especially for what concerns aggregate growth, sustainability and inclusiveness. The
results suggest that a policy strategy aimed to boost agricultural productivity and
infrastructure investment would be the best choice for the long run development of
the country.
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Parameters

ada Production function efficiency parameter
aqa Shift parameter for composite supply (Armington) function
atc Shift parameter for output transformation (CET) function
cwtsc Weight of commodity c in the CPI
icaca Quantity of c as intermediate input per unit of activity a
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intaa Quantity of aggregate intermediate input per activity unit
ivaa Quantity of value-added per activity unit
mpsh Share of disposable household income to savings
pwec Export price (foreign currency)
pwmc Import price (foreign currency)
qdtstc Quantity of stock change
qbarinv(C) Exogenous (unscaled) investment demand
qinvc Base-year quantity of private investment demand
shryif Share for domestic institution i in income of factor f
tec Export tax rate
tmc Import tariff rate
tqc Rate of sales tax
trii Transfer from institution i’ to institution i
tva Value added tax
tyi Rate of nongovernmental institution income tax
αa
a Efficiency parameter in CES function

αva
a Efficiency parameter in CES function for value added

βch Share of commodity c in the consumption of household h
βtouc Share of commodity c in tourism consumption
δaa Share parameter in CES function
δva
f a Share parameter for factor fin activity a, in value added CES function

δ
q
c Share parameter for composite commodity supply (Armington) function

δtc Share parameter for output transformation (CET) function
θac Yield of commodity c per unit of activity a
ρa
a CES function exponent

ρ
q
c Armington function exponent

ρtc CET function exponent
ψ Per capita consumption of tourist
σt
c Elasticity of substitution for composite supply (Armington) function

σt
c Elasticity of transformation for output transformation (CET) function

Variables

CPI Consumer price index
CDTOURc Tourists’ consumption
EG Government expenditures
EXR Exchange rate
FSAV Foreign savings
GSAV Government savings
IADJ Investment adjustment factor
PAa Activity price
PDc Domestic price of domestic output
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PEc Export price (domestic currency)
PMc Import price (domestic currency)
PQc Composite commodity price
PVAa Value-added price (factor income per unit of activity)
PXc Aggregate producer price for commodity
QAa Quantity (level) of activity
QDc Quantity sold domestically of domestic output
QEc Quantity of exports
QFfa Quantity demanded of factor f from activity a
QFSf Supply of factor f
QGc Government demand
QHch Quantity consumed of commodity c by household h
QINTca Quantity of commodity c as intermediate input to activity a
QINVc Quantity of investment demand for commodity
QMc Quantity of imports of commodity
QQc Quantity of goods supplied to domestic market (composite supply)
QVA Quantity of value added
QXc Aggregated marketed quantity of domestic output of commodity
– Walras dummy variable
WFf Average price of factor f
WFDISTf Wage distortion factor for factor f in activity a
YFif Transfer of income to institution I from factor f
YG Government revenue
YIi Income of domestic nongovernment institution
YTtt Tourists’ income
OBJ Object function (to maximize)

1 Introduction

Compared with structural econometric as well as simulation models used in eco-
nomic policy analysis, computable general equilibrium (CGE) solve numerically
abstract general equilibrium structure a la Arrow and Debreu with real data to find
the equilibrium levels of supply, demand and price for specified markets. According
to Wing (2004), CGE models are useful but they are nonetheless viewed with sus-
picion by some in the economics and policy analysis communities as “black boxes”
(Panagariya and Duttagupta 2001), whose results cannot be meaningfully traced to
any particular feature of their data base or input parameters, algebraic structure, or
method of solution. Such criticism, mainly due to the lack of communication and
information across broader economics and policy community, typically rests on the
presumptions that CGE models contain a large number of variables and parameters
and are structurally complex, both characteristics allowing questionable assumptions
to be hidden within them that end up driving their results. Descriptions of models’
underlying structure, calibration and solution methods abound, but tend to be spread
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across a broad cross section of materials, each subset of which focuses on a different
aspect of the subject.

As explained in the introduction to this volume (Chap. 1), a recent revival of CGE
models is based on several new facts and advancements of both theory and practice.
CGEs have become the only point of encounter of macroeconomic policies with
project evaluation, where they promise to perform a critical function to connect two
frameworks that typically don’t mingle and often risk to contradict each other. In a
series of important research attempts, in large part conducted at theWorld Bank, sev-
eral generations of computable general equilibrium models (CGE) since the late 70s
were developed and gradually became important and useful tools for policy analysis.
In these models, social accounting matrices (SAM) became the core of the repre-
sentation of general equilibrium as a circular flow of production, consumption and
incomes, with prices in all markets as the equilibrating variables. Solving algorithms
started with fixed point (Scarf and Hansen 1973) and mathematical programming
procedures (Norton and Scandizzo 1981; Walbroeck and Ginsburg 1981) and grad-
ually developed into nonlinear equation systems and local or global search solution
methods (Devarajan et al. 1997). At present, while the macro-econometric models
prevailing in the 1970s have all but disappeared from the economic practice, CGEs
are increasingly used around the world, both in their static and dynamic versions, as
tools to analyze economic policy options.

In this Chapter we develop an application of a CGE to analyze some important
economic features and policy problems for Kenya, one of the most dynamic African
countries.We try to build amodel that reflects the basic structure of theKenya’s econ-
omy and captures some of the key trade-offs affecting its policy choices, especially
for what concerns aggregate growth, sustainability and inclusiveness. The plan of
the Chapter is as follows: Sect. 2 provides a brief description of the Kenya economy
and its recent trends and major development problems. Section 3 presents the math-
ematical structure of the CGE model and discusses its main assumptions and related
characteristics. Section 4 reports and briefly discusses the estimates of Kenya’s social
accounting matrix (SAM). Section 5 presents the model simulations and discusses
their implications from the point of view of the economic policy problems examined.
Section 6 finally develops some conclusions and policy recommendations.

2 The Kenya’s Economy

Kenya is a sizable country (580.400 km2 with a population of 44 million) and an
income per capita of about 1,400 US$ at the official exchange rate. According to the
Kenya Economic Update (World Bank 2017), for the third consecutive year, eco-
nomic activity gave rise to sustained economic growth. Kenya’s economy expanded
by 5.8% in 2016, 0.1% points higher than the previous year, in spite of a back-
ground of weaknesses in several emerging markets and Sub-Saharan economies
where GDP growth decelerated. Unlike oil exporting countries, Kenya, being an oil
importer, benefitted from the slump in oil prices, particularly in the first half of 2016.
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Similarly, earlier good rains supported favorable harvests in 2016, particularly in
the first half of the year. Further the tourism sector, which had slowed down since
the 2013 terrorist attacks, rebounded in 2016. Finally a positive role was played
by domestic developments such as the government’s infrastructure drive aimed at
easing supply side constraints and a stable macroeconomic environment, supported
economic activity in 2016. These favorable compensated for theweakness in external
demand and the sharp deceleration in credit growth to the private sector.

The service sector contributed 3.2% points to Kenya’s GDP growth for the first
three quarters of 2016; in other terms, some 54% of Kenya’s growth in 2016 derived
from the strength of the service sector. Performance among various service sub-
sectors was, however, mixed. For examples thanks to the rebound in the tourism
sector, accommodation and restaurant sub sector contributed to some 0.41% points
to GDP growth; transport and storage also accelerated, as they benefitted from lower
fuel prices. In contrast, Kenya’s real estate sector presented a deceleration in 2016,
that could be reflective of the slowing private sector credit growth. Similarly, in
2016, the financial sector contributed only 0.3% points to GDP growth compared to
its contribution to GDP of some 0.6% points in 2015. The decline in the contribution
of the financial services is consistent with tougher environment faced by Kenyan
banks in 2016 as a tighter regulatory condition for the provisioning of bad debts and
lower interest margins resulting from the Banking Amendment Act.

Agricultural output grew at 4.9% in first three quarters of 2016, the sector’s con-
tribution to growth increasing by 0.2% points from that of the 2015. For the first
three quarters of 2016, Kenya’s industrial sector expanded by 5.6% but the sec-
tor’s contribution to GDP growth decelerated to 1.6% points from 1.8% points over
the same period in 2015. Much of this deceleration in growth can be attributed to
sluggish/below par growth in the manufacturing sector and lower dynamism in the
construction sector. A key question for the Kenyan economy thus appears to be the
role of total factor productivity and the consequences of its increase in productivity
agriculture versus the other sectors. Given the weight of agriculture and demographic
pressures for Africa, this question appears important to identify goals for technolog-
ical innovation and diffusion, as well as to suggest alternative strategies of growth.

The macroeconomic environment was stable in 2016; in particular inflation was
moderate in 2016. However unfavorable weather has led to a surge in food inflation
in recent months. The fiscal deficit declined from 8.4% of GDP in Financial Year
(FY) 14/15–7.5% in FY 15/16. Kenya’s medium-term fiscal policy is anchored by
its commitment to achieve convergence with the East African Community Monetary
Union protocols. In recent years, the government has embarked on an ambitious
infrastructure plan (roads, railways, ports and power projects) that drove the share
of development spending to 8.8% of GDP in FY 14/15 from 6.3% a year earlier.
However, in FY 15/16 development spending was moderate, thereby supporting the
commencement of the fiscal consolidation. In contrast to development spending,
recurrent spending increased to 15.6% of GDP in FY 15/16. Fiscal consolidation
should help to: (i) anchor Kenya’s macro stability, (ii) reduce crowding out pres-
sures, (iii) contain the pace of debt accumulation and (iv) contribute towards a more
favorable sovereign debt credit rating.
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However, in contrast to the consolidation that took place in FY15/16, the fiscal
deficit is projected to rise to 8.9% of GDP in FY16/17. Given the projected increase
in revenues (as a share of GDP), the increase in the deficit is being driven by an
expansionary fiscal stance, with government expenditures increasing from 27.1% of
GDP in FY15/16 to 30.0% in FY16/17. The significantly higher deficit, however,
assumes that there will be a full execution of the development budget in FY16/17.
Given the track record of 31%under-execution rate for development spending, deficit
turnouts could be lower than current projections. There is a need to recreate fiscal
space through reductions in the share of recurrent spending, and expansion of the
revenue base in order to carry out the ambitious public investment drive without
straining public finances.

From the point of view of development policy, the role of investment identifies
a second policy question for the future of the Kenyan economy. This question con-
cerns the trade-off between fiscal consolidation and growth faced by policy makers
in the short run, even under the favorable assumption that the economy proceeds
on a virtuous path of productivity improvement. While such an improvement may
endogenously generate enough resources to fuel further growth, it is legitimate to ask
whether an aggressive policy of investment in public goods, such as the one pursued
by the government in recent years, might not be important to ensure stale support to
a higher path of development for the country.

3 The Core CGE Model for Kenya

The CGE model is based on a social accounting matrix that provides a schematic
portrayal of the circular flowof income in the economy: fromactivities and commodi-
ties, to factors of production, to institutions, and back to activities and commodities
again. In particular, the equations of the core CGE model follows the same pattern
of income generation of the SAM. These equations can be grouped in the follow-
ing blocks: (1) equations which define the price system, (2) equations that describe
production and value-added generation, (3) equations that describe the mapping of
value added into institutional income, (4) equations which completed the circular
flow, showing the balance between supply and demand for goods by the various
actors, and (5) a number of “system constraints” that the model economy must sat-
isfy; these include both market clearing conditions and the choice of macro “closure”
for the model (Robinson et al. 1999).

The core of the model follows a standard structure (Robinson et al. 1999; Lofgren
et al. 2002) based on CGEmodel specified in terms on non-linear algebraic equations
andnumerical solution techniques (Devris et al. 1982).While themodel is designed as
a neoclassical structure, different closure rules may be used to incorporate Keynesian
hypotheses andmechanisms of income formation and to analyze differences in policy
implementation (as explained later). In keeping with the private market orientation
of the Kenyan economy, the core of the model is a process of maximization of profits
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by producers and utility by households. Labor is assumed to be mobile, markets are
competitive within an open economy, and international trade and tourism.

Technology for producers and preferences for consumers are described by Cobb-
Douglas functions and consumption demands are derived from the optimization
process. Commodities are either sold in the domestic markets or exported to inter-
national markets. A constant elasticity of transformation function (CET) describe
the relationship between the internal and external markets, with the determination
of price ratios and elasticities of transformations to determine the level of output
exported or sold domestically.

For imports, households and producers are assumed to utilize commodities based
on Armington’s composite commodity function, which describes the substitutions
between imports and domestic commodities through a constant elasticity of substitu-
tions (CES) function. The government’s inflows are represented by taxes and transfers
from other institutions and at the same time use the income to purchase commodi-
ties, make transfer to other institutions and savings. The commodities demanded
by government are determined in fixed proportion and transfers from and to other
institutions are also fixed in foreign currency. Enterprises are also included in the
model as institutions, and receive inflows from factor of production and transfers
from other institutions. As outflows, enterprises’ incomes are used to pay taxes, sav-
ings and transfers but not to consume commodities. International tourists are also
represented as institutions, that receive as inflows incomes from the rest of the world
and consumes commodities and savings domestically.

The CGE model incorporates all the flows from the Social Accounting Matrix
(production, consumption, distribution etc.) and simulate the product and factor mar-
kets role in setting equilibrium relative prices. Depending on a number of factors and
the purpose ofwhich themodel simulation is used,model closure consists of choosing
a particular set of exogenous variables in a way that allows a consistent and possibly
unique set of solutions. Because a problem of over-determination (Sen 1963; Ratso
1982) may arise when the number of equations implied by the model exceeds the
number of endogenous variables, we refer to four basic closure rules: the neoclassi-
cal, the Keynesian, the Joansen and the neo-Keynesian. In the Neoclassical closure
investment is endogenous and savings driven (i.e. saving determine the level of the
endogenous investment that adjust consequently). The Keynesian closure is charac-
terized by unemployment in equilibrium, hence the level of employment is not fixed
and variation in the level of output and employment will clear the market of saving
and investments. In the Joansen-closure, the model is investment-driven, hence the
level of savings adjusts, differently from the neoclassical closure as Johansen con-
siders the government as an important source of savings. Government consumption
or tax rates become endogenous and savings depend on tax rate and adjust to ensure
the saving-investment gap. Finally, in the neo-Keynesian closure, the real wage is not
equal to marginal product of labor and the functional distribution of income ensures
the equality between savings and investments.

For an open economy with trade and international tourism the closure problem
becomes more complex, with the introduction of a new equilibrium condition in the
foreign exchange rate and new source of savings in the investment—savings balance
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(Ratso 1982; Delpiazzo 2011; Robinson 2006). In the case of the Neoclassical clo-
sure, foreign savings are assumed to be fixed and the real exchange rate is fluctuating
to ensure the equilibrium on the foreign market. Investment is saving-driven and
the model behaves in a way similar to the closed economy (Robinson 2006). In the
Keynesian closure usually foreign savings is assumed to be fixed exogenously, while
the exchange rate adjusts to clear the foreign exchange market. As the exchange
rate varies, real prices (including the wage rate) will adjust, generating employment,
income, production and savings to match fixed investments. Since foreign savings
are fixed, they have no role in the adjustment and the multiplier is operating similarly
to the closed economy case (Robinson 2006; Taylor and Lisy 1979). The Johansen
closure in the open economy case is characterized by saving driven investment as in
the closed economy, but foreign savings are endogenous and adjust to ensure invest-
ments—savings balance (and not the domestic savings as the closed economy case).
A change in the level of investments will adjust the real exchange rate that is the equi-
librating variable and generate changes in foreign savings. These in turn adjust to
investment levels. Furthermore, the model assumes that the wage rate is free to vary
and ensure equilibrium in the labor market. In the neo Keynesian closure, a fixed
wage is the numeraire, while the exchange rate is exogenous and foreign savings
adjust. Changes in the real wage provoke adjustments in price level and exchange
rate. If for example the price level increases, the real wage decreases and employ-
ment, income and savings all increase. On the foreign market the real exchange rate
appreciates, with a consequent deterioration of the balance of trade and increase in
foreign savings. The increment in both foreign and domestic savings ensure macro
equilibrium, so that the investments level end the effect of the Keynesian multiplier
is lower than that of standard Keynesian closure.

4 Social Accounting Matrix and Computable General
Equilibrium for Kenya

Several social accounting matrices are available for Kenya. The 2003 Kenya Social
Accounting Matrix (SAM), estimated by the Kenya Institute for Public Policy
Research and Analysis (KIPPRA) and the International Food Policy Research Insti-
tute (IFPRI), is the main example of a family of models both at national and regional
level, built in the past decade. This matrix is a consistent data framework that cap-
tures the information contained in the national income and product accounts and the
input-output table, as well as the monetary flows between households, government
and other institutions. The Kenya SAM also used surveys to estimate the production
technology underlying different sectors of the economy. By combining this informa-
tion with the country’s household income and expenditure survey, the SAM provides
a comprehensive picture of the structure of the Kenyan real economy built in 2003.

Using the 2003 KIPPRA-IFPRI SAM as a starting point, we updated the SAM
for Kenya by applying the entropic methodology described in Scandizzo and Fer-
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rarese (2015), to national and state account data and other statistics (Kiringai et al.
2006; KNBS 2014). These methods are based on the so called “maximum entropy
econometrics” (Golan et al. 1996) and are able to handle the “ill-conditioned” esti-
mation problems associated with the lack of the degrees of freedom typical of I-O
matrices. The methods are very flexible in combining a variety of specific data with
prior information and national accounts.

The matrix estimated contains detailed sector accounts for production, sales and
purchase of goods and services. In total there are 35 production sectors, with primary
activities including irrigated and non-irrigated agriculture as well as forestry and
mining. Tourism is also detailed both from the point of view of various types of tourist
demand and hotel and lodging supply. Three factors of production (labor, capital and
land) are accounted for in connection with productive sectors and households. The
latter are divided into four categories: namely rural poor, rural non-poor, urban poor
and urban non-poor, using standard poverty level.

The SAM distinguishes between ‘activities’ (the entities that carry out produc-
tion) and ‘commodities’ (representing goods and non-factor services exchanged on
themarket). SAMflows are valued at producers’ prices in the activity accounts and at
market prices (including indirect commodity taxes and transactions costs) in the com-
modity accounts. The government is disaggregated into a core government account
and different tax collection accounts, one for each tax type. Taxes are disaggregated
into commodity, direct and trade taxes, plus a core government account. Enterprises
institutions are also considered, as well as the capital account (savings—investments)
that comprehends all formal and informal transactions concerning the various forms
of credit in the economy, including transactions from the formal banking system and
all financial transactions that play a crucial role to supply an outlet to savings and
a source of credit to consumer-producer households. The rest of the world account
represents trade flows between the national economy and rest of the world, such as
imports and exports of goods and services.

Figure 1 and Table 1 shows the Rasmussen indexes of backward and forward
linkages computed from the matrix. These indexes describe the direct and indirect
connections between the different actors of the economy, whose accounts are repre-
sented in the SAM. Introduced by Hirschman and defined by Rasmussen (1957), the
indexes of backward linkages are based on the average multipliers (from the columns
of the SAM inverse) and can be interpreted as the increase in output of the entire
system of industries needed to cope with an increase in the final demand for the
products of one industry by one unit (Rasmussen 1957, pp. 133–134). The indexes
of forward linkages are instead based on the row multipliers and quantify the extent
to which the system of industries draws upon a given industry. They are indexes of
sensitivity of dispersion, as theymeasure the increase in the production of an industry
driven by a unit increase in the final demand for all industries in the system. Both
indexes are normalized by dividing the average multiplier for each sector by the total
average multiplier for all sectors.

The magnitude of the multipliers depends on the number of the accounts con-
sidered exogenous and are lower the larger such a number, while the Rasmussen
indexes, being normalized with the average multipliers, indicate only the relative
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Fig. 1 Rasmussen backward and forward indicators. Source Our elaboration

importance of a sector linkage as compared to the mean. The multipliers used in the
table correspond to the hypothesis that the capital formation account is exogenous.
Under this hypothesis, as the table shows, the Rasmussen indexes of backward mul-
tipliers, which average 1 by construction, range from a minimum of 0.54 for metal
and machines account to a maximum of more than 1.12 for sales taxes, indirect taxes
and tariffs. This means that if the demand of one sector increases 100%, the average
impact on the demand for the products of the other sectors is between a minimum of
54% and a maximum of 112% the average. The results show that the country enjoys
a stronger than average backward connectivity for many sectors, like tourism, which
are at the end of their value chain. The indexes of forward linkages, on the other hand,
measure the degree of participation of each sector/institution to the overall economic
activity, that is, on average, how much a sector demand increases in response to an
equi-proportional increase in all sectors. They are much more diverse than the back-
ward indexes, with especially large values for some sectors such as non-irrigated
agriculture, transport and especially labor and capital. The lowest value of 0.06 is for
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Table 1 Comparison of backward and forward linkages related to different elaborations the of
Kenya SAM

Our elaboration of
Kenya social
accounting matrix

Elaboration of Kenya
social accounting
matrix (WB Report,
2017)

Elaboration of Kenya
social accounting
matrix (Wanjala and
Were 2009)

B F B F B F

Irrigated
agriculture

1.05 0.25 Irrigated
agriculture

1.26 0.36

Non irrigated
agriculture

1.05 2.83 Non irrigated
agriculture

1.29 3.77 Agriculture 3.43 8.42

Forestry and
fshing

1.06 0.20 Forestry and
fishing

1.08 0.34 Fishing 3.15 1.14

Forestry 3.4 1.23

Poaching 0.90 0.06 Poaching 1.08 0.12

Mining 1.03 0.12 Mining 1.11 0.22 Mining 3.33 1.07

Food,
beverage and
tobacco

1.05 1.27 Food,
beverage and
tobacco

1.73 0.86 Beverage and
Tobacco

2.64 2.77

Petroleum 0.92 0.21 Petroleum 0.86 0.31 Petroleum 1.96 5.21

Textile and
clothing

1.06 0.20 Textile and
clothing

0.85 0.31 Textile and
footwear

2.8 2.73

Leather and
footwear

0.99 0.11 Leather and
footwear

0.98 0.16

Wood and
paper

0.93 0.25 Wood and
paper

0.76 0.39 Wood and paper 3.2 1.15

Printing and
publishing

0.83 0.56 Printing and
publishing

0.50 0.71 Printing and
publishing

2.59 2.34

Chemicals 0.56 0.48 Chemicals 0.54 0.70 Chemicals 1.84 3.09

Metals and
machines

0.54 0.25 Metals and
machines

0.47 0.32 Metals and
machines

1.56 2.63

Non metallic
products

1.04 0.13 Non metallic
products

1.04 0.19 Non metallic
products

2.97 1.61

Other
manufactures

0.84 0.68 Other
manufactures

0.76 0.84 Other
manufactures

2.45 3.64

Distribution
water

1.06 0.07 Distribution
water

1.57 0.45 Electricity and
water

3.11 2.12

Electricity 1.01 0.42 Electricity 0.93 0.57

Construction 0.98 0.13 Construction 0.93 0.16 Bulding and
construction

3.24 1.19

Trade 1.05 1.50 Trade 1.01 2.26 Trade 3.64 7.11

Hotel 1.10 0.13 Hotel 0.89 0.18 Hotel and
restaurants

3.14 3.65

Lodge 1.09 0.08 Lodge 0.14 0.87

Rent house 1.09 0.09 Rent house 0.15 0.87

(continued)
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Table 1 (continued)

Our elaboration of
Kenya social
accounting matrix

Elaboration of Kenya
social accounting
matrix (WB Report,
2017)

Elaboration of Kenya
social accounting
matrix (Wanjala and
Were 2009)

B F B F B F

Restaurant 1.10 0.13 Restaurant 0.87 0.18

Park Tourism 1.08 0.12

Beach Tourism 1.08 0.08

Cultural
Tourism

1.08 0.07

Business
Tourism

1.08 0.09

Transport 0.91 1.52 Transport 0.93 2.02 Transport and
communication

3.23 8.01

Information
and communi-
cation

1.05 0.56 Information
and communi-
cation

1.00 0.78

Financial and
insurance
activities

1.03 0.95 Financial and
insurance
activities

0.94 1.35 Financial services 3.33 4.52

Real estate 1.03 0.93 Real estate 0.99 1.16

Other services 1.05 0.56 Other services 0.97 0.77 Other services 3.30 3.92

Public
administration
and defence

1.02 0.82 Public
administration
and defence

0.27 0.90 Administration 3.29 1.19

Health and
social work

1.05 0.35 Health and
social work

1.02 0.32 Health 3.91 1.60

Education 1.06 0.92 Education 1.02 0.60 Education 3.62 1.67

LAB 1.01 4.31 LAB (skilled +
semi-skilled +
unskilled)

3.87 6.58

CAP 0.99 5.08 CAP 0.89 6.58

rp-hhd 0.95 1.60 rp-hhd 1.34 2.11

rnp-hhd 0.95 2.46 rnp-hhd 1.33 3.22

up-hhd 0.95 0.22 up-hhd 1.36 0.30

unp-hhd 0.94 5.76 unp-hhd 1.16 6.37

ent 0.93 5.49 ent 0.83 6.59

gov 1.06 2.00

stax 1.12 1.09 stax 0.12 1.73

ytax 1.12 0.69 ytax (Direct
taxes)

0.13 0.97

tar 1.12 0.15

h-tour 1.04 1.00 h-tour 1.19 0.39

l-tour 0.99 1.00

Source Our elaboration
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poaching activity, while the highest value of 5.08 is for capital. Tourism activities
have backward multipliers near to the average, but low forward multipliers. This
suggests on the backward side that the local value chain, even though still weak, has
already some depth, and, on the forward side, that the sector is not dependent on
domestic economic activity and relies mostly on foreign demand.

5 Impact Analysis: Policy Simulations

Because of the importance of the agricultural sector in most developing economies,
raising agricultural productivity appears a plausible and appealing choice for policy
makers to promote economic growth. The literature provides abundant theoretical
and empirical evidence that agricultural growth is essential to foster overall growth,
especially in developing countries and identifies the diverse roles that agriculture
plays in the process of growth and development as well. For example, for Johnston
and Mellor (1961) agriculture contributes to economic development with food and
raw materials, labor and capital, foreign exchange and markets for the outputs of
other sectors. Agricultural productivity growth would generate increased demand
not only for food but also for other industrial outputs and services via intermediate
and final demand linkages (Adelman 1984; Mellor 1976). Bautista (1986) identi-
fies increased agricultural production through productivity increase result in foreign
exchange savings and reduction in food imports and increase the ability to export.
Further, increased agricultural productivity may cause lower and more stable food
prices making households better off (Adelman 1975; de Janvry and Sadoulet 2002).

It is important to underline the distinction between increases in output and pro-
ductivity since these do not necessarily have similar impacts. In some cases, output
and productivity increase together whereas in other cases they can vary inversely
with differential consequences for poverty (Irz et al. 2001; Schneider and Gugerty
2011).

The effects of agricultural growth spread to the non-farm economy through dif-
ferent linkages; production, employment and incomes. Higher real incomes in the
agricultural sector stimulate demands for the products of other sectors and labor
within the sector, while higher agricultural outputs stimulate the creation of non-farm
rural and urban employment opportunities through backward and forward linkages
to manufacturing and services sector activities (Hanmer and Naschold 2000; Thirtle
et al. 2001). Irz et al. (2001) summarize and review many possible arguments of
effects of agricultural productivity growth on farm economy, rural economy as a
whole and the national economy and the necessary conditions to achieve them. It is
not clear that rural income will increase at all times with improvements in agricul-
tural productivity, as a result of possible deterioration of agricultural terms of trade
arising from price and income inelasticity of agricultural products (Bautista 1986).
Arndt et al. (2000) suggest that price declines due to an increase in agricultural pro-
ductivity would transmit most of the gains to urban households, to non-agricultural
sectors and to non-agricultural factors of production. Rural households who mostly
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engage in agricultural activities gain from greater availability of food. Further,
Thirtle et al. (2001) argue that productivity gains may not trigger poverty reduc-
tion if the decline in output prices outweighs the gain from increased productivity.
These complex relationships between direct and indirect general equilibrium effects
emphasize the linkages between agricultural productivity, growth and poverty reduc-
tion. While many studies of productivity or technical change in developing country
agriculture have been conducted (Mellor 1999; Self and Grabowski 2007; Thirtle
et al. 2003), linkages of the agricultural sector with the rest of the economy have
been the object of only a limited number of studies.

Studies investigating the multiplier effects of agricultural growth on the other
sectors of the economy (Arndt et al. 2000; Bautista 1986; Coxhead and Warr 1991,
1993, 1995; Dorosh et al. 2003) include social accountingmatrices and CGEmodels.
Arndtet al. (2000), for example, use a CGE model to analyze improvements in agri-
cultural productivity and reductions in marketing costs inMozambique. Their results
suggest that that increasing agricultural productivity may be a priority for Mozam-
bique with large potential gains. However, increasing agricultural output with very
highmarketing costs leads to significant fall in prices transmittingmost of the gains in
factor income to non-agricultural sectors. Bautista (1986) developed a CGEmodel to
investigate the effects of productivity increases in Philippine agriculture. The study
simulates the impacts of productivity increases in three agricultural sectors; food
crops, export crops and livestock and fishing sectors and the food manufacturing
sector on sectoral prices and outputs, rural and urban income, trade balance and
national income. The simulations imply a 10% increase in total productivity sepa-
rately in the four sectors and increased productivity in all sectors simultaneously.
The cause of the productivity increase is assumed to be the result of technological
change and/or improved infrastructure. Increased productivity in the food crops sec-
tor results in a fall in food prices but promotes the food processing sector. Productivity
improvements in the crop sector results in a decline in sector prices while improving
sector production. Increased productivity in the foodmanufacturing sector stimulates
growth in production and in the food crop sector as well. Simultaneous productivity
increases in all four sectors show moderate positive impacts on household income
while there are significant impacts on macroeconomic variables. Based on those
results, the author argues that increasing agricultural productivity does not necessary
result in reduced rural income but is more likely to benefit urban households.

Coxhead and Warr (1991) used a CGE model for Philippines to investigate the
distributional effects of technical progress in Philippine agriculture. They show, in
a small open economy, that technical improvements in farming are likely to benefit
the poor, especially if the technical change is labor-using—land-saving. A technical
change which substitutes capital for labor with no increase in output in irrigated
agricultural sector triggers a reduction in real wage in the same sector. Households
owning only labor lose while real incomes of households that do not depend on labor
show a slight increase. Coxhead and Warr (1995) used the same model to trace the
effects of differential rates of technical progress in the irrigated andnon-irrigated agri-
cultural sectors on income distribution of factor owning household groups, poverty
and economic welfare within a small open economy with open agricultural trade and
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agricultural trade under restrictions. The results clearly showed that reduced poverty
from technical progress is substantially greater when agricultural trade is unrestricted
at constant world prices. Similar results are obtained by Coxhead and Warr (1993),
who examine the distributional effects of technical change in Philippines’ agriculture
using a CGE model. They show that technical change in Philippine agriculture may
lead to increased incomes, reduced poverty and improved income distribution.

Given this background of past studies and results, we propose a series of simula-
tion with the CGE model that combine increases in productivity of agriculture and,
alternatively, in the industrial sector. with investment increases. These simulations
aim to measure the potential growth spill overs of technical change in agriculture
and industry. They also aim to quantify the link between investment and productivity
increase, since one of the most important reasons to invest in infrastructure is pre-
cisely to induce productivity growth and, on the other hand, any exogenous increase
in productivity needs to be accommodate by further investment to spread to the rest
of the economy. More specifically, we simulate the following scenarios:

(a) doubled agricultural total factor productivity (TFP) with a parallel increase in
investment (50%) with a Keynesian closure;

(b) increased investment (50%) with a Keynesian closure.
(c) doubled agricultural TFP with a Neoclassical closure.
(d) doubled industrial TFP with a parallel increase in investment (50%) under a

Keynesian closure;
(e) doubled industrial productivity with a Neoclassical closure.

The simulations are made with the GAMS (General Algebric Modelling System)
software described in Brooke et al. (1996).

Tables 2 and 3 and Fig. 2 present a summary of the results obtained in the sim-
ulation scenarios mentioned above, in terms of real increases for the key economic
variables of the model. The simulations representing a Keynesian scenario assume
wage rigidity and exogenous investment, while in the neoclassical simulations wages
are free to vary and investments are endogenized. In the former scenarios almost all
variables are higher. The agricultural growth simulations also suggest that increases
in agricultural TFP would be more beneficial, ceteris paribus, from the point of view
of production, factor income and income redistribution. Furthermore, the impact of
industrial TFP growth combined with the exogenous investment stimulus in the Key-
nesian scenario, would have rather modest effects and would display the greatest dif-
ference between relatively large benefits to factor remunerations and GDP increases,
compared to rather low and uniform benefits to personal (disposable) incomes. These
results are in line with empirical literature mentioned above where the authors found
in a neoclassical economy a welfare gains from agricultural productivity increas-
ing, but the differences of performance displayed between agriculture and industry
TFP growth are a somewhat novel finding of our study. They suggest the intriguing
hypothesis that a stage-wide pattern of growthmay bemandated by the very structure
of a developing economy.

In detail, simulations I, III, IV and V show the potential benefits of technical
productivity change respectively in agriculture (scenarios I and III) and industry
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Table 2 Agricultural TFP and investment increase simulations (Mln US$)

Base case Simulation
I (Agricul-
tural
productiv-
ity doubled
and
investment
increasing
of 50%)
Keynesian
closure

Var. w.r.t.
BC* (%)

Simulation
II
(investment
increasing
of 50%)
Keynesian
closure

Var. w.r.t.
BC* (%)

Simulation
III (Agri-
cultural
productiv-
ity
doubled)
Neoclassi-
cal
closure

Var. w.r.t.
BC* (%)

Absorption 56,246.90 74,333.90 32 68,625.10 22 70,893.80 26

Private
consump-
tion

42,208.70 56,325.20 33 50,616.40 20 54,679.20 30

Fixed
invest-
ments

7,941.20 11,911.80 50 11,911.80 50 10,117.70 27

Government
income

9,231.21 11,883.24 29 12,126.76 31 11,115.66 20

Exports 943.80 1,458.80 55 1,101.70 17 1,414.00 50

Imports −7,471.50 −9,800.30 31 −9,795.90 31 −9,091.60 22

GDP
(market
price)

49,719.20 65,992.50 33 59,930.90 21 63,216.10 27

Indirect
taxes

4,601.10 5,623.80 22 5,492.40 19 5,257.00 14

GDP
(factor
cost)

49,460.40 65,205.50 32 59,100.50 19 62,641.90 27

Agricultural
production

17,121.20 29,994.87 75 23,213.87 36 30,390.18 78

Industrial
production

29,159.44 35,176.71 21 35,004.30 20 31,802.87 9

Investment
multiplier

3.47 2.61 6.06

Households
income

Rural poor 8,762.35 10,810.66 23 11,184.14 28 10,241.66 17

Rural non
poor

13,626.20 16,811.50 23 17,391.42 28 15,926.82 17

Urban poor 936.77 1,177.89 26 1,214.21 30 1,116.47 19

Urban non
poor

32,083.47 40,392.68 26 41,634.34 30 38,280.81 19

Source Our elaboration based on CGE results
*% Var. w.r.t. BC = variation with respect to Base Case
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Table 3 Industrial TFP and investment increase simulations (Mln US$)

Simulation IV
(industrial
productivity
doubled)
Neoclassical
closure

Var. w.r.t. BC*
(%)

Simulation V
(Industrial
productivity
doubled and
investment
increasing of
50%) Keynesian
closure

Var. w.r.t. BC*
(%)

Absorption 68,086.80 21 64,085.80 14

Private
consumption

47,854.50 13 46,077.00 9

Fixed
investments

14,135.40 78 11,911.80 50

Government
income

10,909.20 18 9,344.99 1

Exports 1,266.80 34 1,358.00 44

Imports −9,361.80 25 −8,159.60 9

GDP (market
price)

59,991.70 21 57,284.20 15

Indirect taxes 5,908.60 28 5,549.10 21

GDP (factor cost) 59,434.60 20 57,360.30 16

Agricultural
production

17,569.36 3 16,529.04 −3

Industrial
production

44,102.40 51 41,809.14 43

Investment
multiplier

1.61 1.99

Households
income
Rural poor 9,854.81 12 9,180.97 5

Rural non poor 15,325.00 12 14,277.47 5

Urban poor 1,046.44 12 986.88 5

Urban non poor 35,844.00 12 33,813.65 5

Source Our elaboration based on CGE results
*% Var. w.r.t. BC = variation with respect to Base Case

(scenarios IV and V). They also aim to detect the potential gains due to a combina-
tion of investment and productivity increases in these two different sectors (scenarios
I, II and V). The simulations permit also to compare the results obtained with dif-
ferent closures of CGE models—neoclassical and Keynesian—which correspond to
different hypotheses on the functioning of the economic system. The increase in
productivity, both agricultural and industrial, effectively reduce marginal production
costs and increase the level of production and GDP. The results show that agricul-
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Fig. 2 Impact of simulation scenarios on GDP. Source Our elaboration based on CGE results

Fig. 3 Impact of simulation scenarios on household incomes. Source Our elaboration based on
CGE results

tural production increases of 75 and 78% and industrial production increases of 51
and 43% with respect to the base case (respectively in the Keynesian and Neoclassi-
cal closure). The increase in real GDP drives up also Government income and both
imports and exports in the foreign market.

Notably, in the first scenario the investment multiplier is higher than in the second
one (3.47 vs. 2.61); however, the highest multiplier is in the third scenario (6.06),
even though in this case it is the productivity increase that determines the surge of
investment and some of the ensuing effects. In the first scenario almost all variables
are higher with respect to the other simulations; for example the GDP increases
around 33% respect to 21% in the second and 27% in the third (Fig. 3). This suggests
that a mix of increasing productivity and investment is a better development vehicle
as compared to just increasing investment demand. However in the third scenario
the investment multiplier is greater, meaning that increasing agricultural produc-
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tivity works well in a neoclassical economy when it is supported by a stimulus of
endogenous demand.

Table 3 presents scenarios IVandV—concerning the industrial sector productivity
increases—with the results obtained significantly lower than those in scenario I and
III. For example the GDP increases by 21% in the fourth scenario and by 15% in
the fifth one, with lower investment multipliers (respectively 1.61 and 1.99). This
suggests that the combination in increasing industrial productivity and investment
demand (scenario V) does not determine the best development path of the economy
either from the production side or from the income one. The stimulus of domestic
demand, in fact, is higher in simulation IV (neoclassical closure), where the increase
in real GDP drives up the Government income by about 18% while real growth os
much lower in the last scenario. Furthermore, private consumption is higher and in
the IV scenario increases of 13% with respect to the base case, against an increment
of only 9% in the last scenario.

6 Conclusions

In this chapterwe have presented an application of aCGEmodel, estimated forKenya
on the basis of a recent estimate of a SAMmatrix, to the analysis of the country eco-
nomic structure and to some basic policy choices confronting the government. These
choices concern the weight to give to agriculture in the development strategy of the
country, and how to combine an infrastructure-centered policy of public investment
with a drive for diversification and industrial growth.

The results of the analysis present us with a picture of Kenya as a country that,
though still dominated by agriculture, may develop at a fast rate and diversify in
multiple industries and services, including a very dynamic tourism sector. At the
same time, the CGE simulation results suggest that agricultural growth may be the
most important driver of the country economic development. This result appears
to depend not only on the weight of agriculture on the economy (70% of Kenyans
are still estimated to take their livelihood from agriculture), but also on its multiple
connections, through backward and forward linkages, with the rest of the economy.

More intriguingly, the CGE simulations appear to indicate that a bias in favor
of policies directed to industrial development may not only display an inferior per-
formance, with respect to policies oriented towards increasing agricultural TFP, but
may even be counterproductive. In particular, the combination of industrial TFP and
investment increases may cause producer and consumer prices to diverge, and ulti-
mately bring about a major gap between aggregate growth results and the improve-
ment of living conditions by boosting disposable incomes. This is a phenomenon that
has been experienced also by several advanced countries in the course of the past
30 years, and is at the root of the perceived inability of aggregate growth to create
employment and lift people from poverty.
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Appendix: Model Specification

Core Equations of the Model

Price Block

Import Price

PMc � pwmc (1 + tmc) ∗ EXR (1)

Export price

PEc � pwmc (1 − tec) ∗ EXR (2)

Absorption

PQc ∗ QQc � PDc ∗ QDc + PMc ∗ QMc ∗ (1 + tqc) (3)

Market output value

PXc ∗ QXc � PDc ∗ QDc + PEc ∗ QEc (4)

Activity price

PAa �
∑

c

PXc ∗ θac (5)

Value-added price

PV Aa � PAa −
∑

c

PQc ∗ icaac (6)

In the price Block, PE and PM are the international prices for commodities traded
with foreign economies. The prices are respectively export and import prices, which
are reduced by governmental subsidies in the first case (te) and incremented by
tariffs in the second case (tm). PQ is the price paid into the domestic market for
the commodity demand and represents the composite price. PX is the producer’s
price, which is the combination of commodities sold domestically and exports. PA is
the price received by each activity from commodities selling, that allows a multiple
commodity production by each activity. PVA is the value-added price which reflect
the price of activities net the price of output, thus reflecting the price of production
factors.

Production Equation

Production function
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QAa � αa
a ∗ (δaa ∗ QV A

−ρa
a

a +
(
1 − δaa

) ∗ QI NT A
−ρa

a
a )

−1
ρaa (7)

Value added and factor demand

QV Aa � αva
a ∗

⎛

⎝
∑

f

δva
f a ∗ QF

−ρva
a

f a

⎞

⎠

−1
ρva
a

(8)

Factor demand

WFf ∗ WFDI ST f a � PV Aa ∗ (1 − tvaa) ∗ QV Aa ∗
⎛

⎝
∑

f

δva
f a ∗ QF

−ρva
a

f a

⎞

⎠

−1

∗ δva
f a ∗ QF

−ρva
a −1

f a (9)

Intermediate demand

QI NTca � (icaca ∗ QAa) (10)

Output function

QXc � �a (θac ∗ QAa) (11)

Composite supply

QQc � αq
c ∗ (δqc ∗ QM−ρ

q
c

c − (
1 − δqc

) ∗ QD−ρ
q
c

c )
−1
ρ
q
c (12)

Import-domestic demand ratio

QMc

QDc
�

(
PDc

PMc
∗

(
1 − δ

q
c
)

δ
q
c

) 1
1+ρ

q
c

(13)

Output transformation function

QXc � atc ∗ (δtc ∗ QE
ρt
c

c +
(
1 − δtc

) ∗ QD
ρt
c

c )
1
ρtc (14)

Export-domestic supply ratio

QEc

QDc
�

(
PEc

PDc
∗

(
1 − δtc

)

δtc

) 1
ρtc−1

(15)

In the production block QA represents the value of activity production, modeled
as a CES function but put in its simplest version as cob-douglass production func-
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tion where alpha is the efficient parameter and rho is the share parameter (Eq. 7).
Equation (8) states represents the quantity of value-added that is a CES function of
disaggregated factor quantities. The optimality condition brings to factor demand
(Eq. 9) that is in function of relative factor prices. The demand of intermediate inputs
in Eq. (10) is fixed in proportion if intermediate input coefficients. Equation (12)
reflects the Armington specification of the composite supply, where the supply is
divided for domestic and international markets defined by share parameters of mar-
ket supply. Equation (13) is the optimality condition for the Armington specification.
The Output transformation function (Eq. 14) defines the substitution between output
produces for domestic market and output produced for foreign market. Also in this
case the optimality mix in in function of share parameters and production elasticities.
Equation (15) represents the optimality condition.

Institution Block

Factor income

Y Fi f � shryi f ∗ �a(WFf ∗ WFDI ST f a ∗ QFf a) (16)

Household demand function

PQc ∗ QHch � βch ∗ (1 − mpsh) +
(
1 − ty

) ∗ Y Hh (17)

Investment demand function

QI NVc � IADJ ∗ qinvc (18)

Government consumption function

QGc � GADJ ∗ qgc (19)

Government revenues

YG � �i t yi ∗ Y Ii ∗ EXR ∗ trsgov,row + �ctqc ∗ PQc ∗ QQc + shrygov, f

+ rgov,ent + �ctmc ∗ QMc ∗ EXR + �ctec ∗ pwec ∗ QEc ∗ EXR (20)

Government expenditure

EG � �c PQc ∗ QGc + �i trsi,gov (21)

Tourist demand

CDT OURi � �t t (βi t t ∗ YTtt∗)

PQc ∗ EXR
(22)
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Objective function

OBJ � (warlas) ∧2 (23)

The first equation of the institution block represents the factor income, which is
the sum for each activity of the quantity demanded for the respective factor price. The
household demand function, (Eq. 16), is a liner expenditure function of commodities
demanded by households. In its simplest form (like in this case) the function can be
stated as cobb-douglass demand function, where households demand commodities
in function of their disposable income, after paying taxes, other transfers and sav-
ings. The demand for investments in Eq. (17) is fixed according to fixed investment
coefficients and multiplied by an adjustment factor IADJ. The same specification is
stated for Government demand of commodities according to fixed demand coeffi-
cients. The Government total revenue is the sum of taxes, tariffs and transfers from
the rest of the World, while the spending are the sum of commodity consumption
and transfers to other institutions. Tourist demand in Eq. (21) is stated as in function
of an exogenous tourist income and enterprise revenue is the sum of capital shares
and transfers from other institutions such as government and rest of the world.

System of constraint block

Factor market

�aQFf a � QFS f (24)

Composite commodity market

QQc � �aQI NTca + �hQHch + QGc + QI NVc + qdstc + CDT OURc (25)

Current Account balance

�c pwmc ∗ QMc + �i trrow,i � �a pwec + QEc + �i tri,row +
�c PQc

EX R
∗ CDT OURc + FSAV

(26)

Savings-Investment balance

�i M PSi ∗ (1 − t yi ) ∗ Y Ii + (YG − EG) + EXR*FSAV � �c PQc ∗ QI NVc

+ �c PQc ∗ qdstc +W ARLAS (27)

Price Index

CP I � �c PQc ∗ cwtsc (28)

The system of constraints is very important for the specification of the CGEmodel
and represents the conditions for model equilibrium. The first Eq. (24) represents
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the equality between factor demand and supply. In the Neoclassical specification,
factor supply is fixed, reflecting the fact of full employment, while in Keynesian
specification this hypothesis can be relaxed. Equation (25) stated the equality between
commodity supply and composite demand, where the supply is equal to demand
from institutions (households, government), investment demands and demand for
intermediate inputs.

Equation (26) states the current account constraint, where imports equal exports
plus the foreign deficit and everything is expressed in foreign currency. Finally,
Eq. (27) is the saving—investment balance, where savings from domestic institutions
and the rest of the world, equals the total capital formation.

Changing the specification of the closure equations (i.e. allowing somevariables to
vary and fix others), changes themodel closures, according to policies and hypothesis
that we want to analyze with the study.
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