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Abstract

This study develops Computable General Equilibrium (CGE) model of the
Indonesian economy to analyze the impact of agricultural infrastructure development, in
particular irrigation, on national and sectoral oy uts and households incomes. This
research methodology develops and uses an Indonesian social accounting matrix
database. The results show that the total economic output and welfare increase, and the
more irigated agricultural sectors ie. paddy sector have greater output increase than the
less irrigated sectors when the increase of investment on irrigation infrastructure also
followed by the increase on paddy productivity. Household groups of agricultural
workers and households of non-agricultural, low level income workers in rural areas,
experience a higher increase in incomes than the other house hold groups.

Keywords: Indonesia, agriculture, irrigation, computable general equilibrium




INTRODUCTION

Background

Agriculture&s played an important role in Indonesia's economy. The agricultural
sector absorbed 412 per cent of the total work force (Asian Dcvcament Bank, 2010a),
contributed 21.6 per cent of the value of total non-oil/gas exports, and accounted for 12.8
per cent of the national GDP in 2010 (Bad an Pusat Statistik, 2011). Agriculture is a major
provider of food for Indonesia's population totaling to approximately 230 million people
in 2008. It is also an important pro vider oféw materials for the food processing industry.
Hence, the domestic agricultural sector plays a significant role in maintaining food
security.

The agricultural sector ﬁntributes significantly in reducing poverty in Indonesia.
The World Bank (2007) states that three quarters of the poor in developing countries live
in rural areas and most depend on agriculture for their main livelihood. Indonesia is no
different. In 2008, 52.3 per cent of the poor earned their livelihood from the agricultural
sector (Badan Pusat Statistik, 2009a). In the same year, around 634 per cent of
Indonesia's poor population resided in rural areas (Badan Pusat Statistik, 2009a).

The food crops sub-sector is the Jlargest contributor to the total output of
Indonesia’s agriculture sector. In 2010, 50.4 per cent of the agricultural sector output was
accounted foé:y food crops products (Badan Pusat Statistik, 2011).

The Food and Agricultural Organization (FAO) emphasizes the importaﬁ of
agriculture and rural development in reducing hunger and poverty. The first Rome
Declaration on World Food Security of 1996 states that food insecurity is caused mainly
by poverty, amﬁustﬂinablﬂ progress of poverty reduction efforts is very important to
improve access to food (Food and A gricultural Organization, 2009).

The issue of income incquality also accompanies the poverty issue in Indonesia.
Farmers' income level is an important factor that determines the level of their welfare.
Between 1975 and 2005, income per capita levels of all household groups has been
increasing (Figure 1). However, with the increase, the distribution of household income
widc&d over this period, although with a much more rapid widening in non-agricultural
than in the agricultural households.

The World Bank (2007) confirms that agri%ture could be one of the greatest
sources of growth to reduce poverty. It identifies instruments in using agriculture for

development. One of these instruments is increased access to houschold assets, which




determines one’s ability to participate in agricultural markets. The report identifies three
core assets namely land, water and human capital.

Water is an important input to farming, and irrigation plays a significant role in
increasing agricultural productivity. From the data published by the Badan Pusat Statistik
(2010), it is known that the share of irrigated wetland area is 60.8 per cent, and non-
irrigated wetland area is 39.2 per cent of the total nmational wetland areas in 2009.
According to Pesandaran et al. (2004), around 80 per cent of national rice production is
produced from irrigated wetland. In 2005, irrigated agricultural land is only 16.3 per cent
of total agricultural land area (World Bank, 2010).

Figure 1. Income per capita of household groups 1975-2005 (thousands Rp)

20000
15000
10000
5000
0 —
1975 1980 1985 1990 1995 1998 1999 2000 2005
—I—Bmsehold: Agriculture : Workers
=== Household : Agriculture : Land Owners : 0,0 - 0,5 Ha
=== Houschold : Agriculture : Land Owners: 0,5- 1,0 Ha
=== Household : Agriculture : Land Owners: > 10 Ha
==& Household : Non Agric: Rural : Low Income
Household : Non Agric : Rural : Non workers&Unspecified
Household : Non Agric : Rural : High Income
Household : Non Agric: Urban : Low Income
“f== Household : Non Agric: Urban : Non workers& Unspecified
Household : Non Agric : Urban : High Income

Source: Badan Pusat Statistik. 2007. Sistem Neraca Sosial Ekonomi Indonesia 2005 . Jakarta:
Badan Pusat Statistik

Construction of irrigation and water facilities in Indonesia has been on an upward
trend since the 1970s, although there was a period in which the maintenance of irrigation
infrastructure and water resources was not undertaken by the government. Between the
1970s and the late 1980s, government prioritized the development of water resource
and infrastructure, and this spurred economic growth and reduced poverty. Table 1 shows

the economic growthand the poverty levels of Indonesia.




In the late 1980s and 1990s, the Indonesian governmfﬁ failed to maintain

irrigation infrastructure and water resowrces. The governnent failed to achieve cost
recovery. It proved arduous to change government policy, and then in 1998 the new
vernrnent embarked on a sector reform. This reform aimed at sustainable management
of resources and infrastructure, and emphasized a demand-responsive and decentralized
service delivery. In the next period after the implementation of regional autonomy system
in 2000, the Government of Indonesia implemented several reforms. This signaled the
serious Eent of reformon irrigation management and water resources by the government

in line with decentralization and regional autonomy (Wﬁld Bank, 2011). This reform
was implemented through numerous government laws, Presidential Decree No 3/1999
and Government Regulation No 77/2001 which focused on the delivery of irrigation to
Emers’ associations and issuance of Law No 7/2004 concerning the management of
water resources and Government Regulation No 20/2006 which regulates specifically
Article 41 of the Law No. 7 /2004, which is about development and management of

irrigation.

Table 1. Economic growth and poverty levels of Indonesia

Year Economic Growth Poverty

(%) Total (million) Percentage of population
1976 6.89 54.2 40.1
1980 0.88 42.3 28.6
1987 4.93 30 17.4
1990 7.24 27.2 15.1
1996 7.82 34.01 17.47
1998 -13.13 49.5 24.23
2000 4.92 38.7 19.14
2005 5.69 35.1 15.97
2008 6.01 34.96 1542

4.55 32.53 14.15

Source: Badan Pusat Statistik. 2009b. Statistik Indonesia tahun 2009 . Jakarta: Badan Pusat
atistik
Note : 1. A new standard to measure poverty has been adopted since December 1998. Data 1976-
1996 based on the old standard, the 1996-2008 figures based on the revised standard
2. Time reference for all data is February, except for 1998 (December) and 2006-2009
(March). Started in 1999, data presented excluded East Timor




The need for irrigation infrastructure not only requires the construction of new
irrigation but also maintenance of the damaged imrigation network. During the past
decades, the deﬁopment of irrigation areas in Indonesia increased by only about 50 per
cent, from 3.5 million ha in 1950 to 5.2 million ha in 2000, ile in the same period,
irrigation around the world increased more than threefold, from 80 million ha in 1950 to
270 million ha in 2000 (Pasandaran, 2007). Meanwhile, not all of irrigation is able to
function properly due to the damage. The amount of irrigation damage in 2002 reached
22.4 per cent of the total of existing irrigation networks. The damage has disrupted the
supply of irrigation water for 1.5 million ha of agricultural land (Pasandaran, 2007).

Hence, in the current government’s Public Works Strategic Plan 2010-2014, the
focus was onthe development of irrigation through (Ministry of Public Works, 2010):

e Construction of irrigation network covering 500,000 ha, and perform maintenance
covering 2.3 million ha; and
¢ Building a network of ground water irrigation, which covers 1,050 ha and perform

maintenance covering 43,840 ha.

Research objective and motivation

Around 63.4 per cent of Indonesia’s poor populationI resides in rural areas, while
52.3 per cent of the poor earned their livelihood from agriculture in 2008 (Badan Pusat
Statistik, 2009a). This indicates that efforts to alleviate poverty, unemployment and food
insecurity are closely linked to agriculture and rural development. ﬁlprovement of
irrigation as an agricultural infrastructure is one way to improve productivity and

performance in the agricultural sector.
The main objective of this study is to examine the welfare effects and quantify the

impact of irrigation development policies on Indonesia’s national and sectoral outputs,

'Based on Central Bifhu of Statistics of Indonesia, the population of poor people who have an
average expenditure per capita per month under the Poverty Line. The poverty line, wHZEA
consists of two components namely Food Poverty Line (2100 kcal, minimum requirement per
capita per day) and the Poverty Line Non-Food (the minimum requirements for housing, clothing,
education, and health). The total number of the poor in Indonesia is about 14.15 per cent of total
population in 2009 (Badan Pusat Statistik, 2009b). According to the indicator of population
living below $ 1 per day which used in the Millenium Developments Goals (MDGs), Indonesia
had achieved the MDGs target by 2008. By this indicator, the number of poor peopl@& Indones ia
was about 7.5 percent in 2008, below the MDGs target of 10 per cent in 2015. Based on the
indicator of population living below $ 2 per day, the proportion of the poor people n Indonesia
was still very high, about 49 per cent in 2008 (Bappenas and UNDP, 2007).




especially theaagricultural sector, households’ income and other economic parameters.
We develop a computable general equilibrium model and develop social accounting

matrix as a database.

AGRICULTURE, IRRIGATION DEVELOPMENT AND POVERTY:
LITERATURE REVIEW

Meier (1995) states that agriculture has an important role in a country’s
development for four reasons: (1) it supplies primary food and raw materials for other
sectors in the developing economy: (2) it provides a surplus from saving and tax that can
be invested to other developing sectors; (3) it involves buying other consumable products
from other sectors, in order that it increases demand in developing sectors’ products by
rural residents; and (4) the obliteration of foreign exchange reserve constraint through
export or import substitution.

Related to food security, Lipton and Ravallion (1995) state that a relationship
exists between high agricultural growhh rate periods and poverty reduction in rural areas
and food security appreciation. High agricultural growth leads to: 1) low food price for

ban consumers and net-food rural buyers; 2) increasing probability to generate income
for food producers and enhance employment for rural workers (therefore decrease rural-
urban movement), thus leading to urban real wages increasing; and 3) positiye spillover
effects of inter-sectoral migration, trade and productivity improvement. Dao (2004)
examineﬁhf: impact of increased productivity of agricultural workers (through increased
number of physical capital or human capital per worker in the form of training) on
reducing rural%verty in developing countries. Ligon and Sadoulet (2007) conclude that
the growth gf agricultural income has a beneficial effect on the expenditures of poor
households, while the benefits of growth in non-agricultural income are much less for a
family in the lower deciles. They state that agricultural income growth is more effective
in reducing poverty than growth in other sectgrs. Agriculture as the best source of growth
to reduce poverty is also confirmed by the World Bank (2007). The World Bank also
states that standard of living of subsistent farmers can be increased by productivity
improvement of staple crops farms, that requires big investment on soil and water
management and agricultural research.

Regarding water resources, Dao (2009) states that internal renewable resources

such as internal river flows groundwater rainfall and total annual freshwater withdrawals




for irrigation and livestock production do contribute positively to agriculture growth in
developing countries.

Huang et al. (2005) examine China’s economy and find that irrigation contributes
to increases in yields for almost all crops and in income for farmers in all areas. They
state that the impo%nce ofcrop income in poor areas and the stm%relationship between
crop revenue and irrigation provides evidence of the importance of irrigation in the past
and future poverty alleviation in China. For Ethiopia, Gebregziabher et al. (2009) show
that there are important differences between farmers with and without access to
irrigaﬂl, regarding socio-economic and demographic characteristics, off-farm labor
allocation, and levels of income. They state that irrigators hire more labor and have lower
participation in off-farm activities, indicating the relative labor absorption potential of
irrigated farming as compared to rainfed farming. Irrigators have more diversified income
sources and significantly higher non-crop farming income, which includes income from
dairying, poultry and bee keeping.

Namara et al. (2009) note that in many developing countries, water is a major
factor constraining agricultural output and income. Improved agricultural water
management can coniribute to poverty reduction through several pathways: 1) improves
production and productivity, enhanﬁ employment opportunities and stabilizes income
and consumption; 2) encourages the utilization of other yield-enhancing inputs and
allbws diversification into high-value products, enhances nonfarm outputs and
employment, and fulfils multiple needs of households; and 3) confributes either
negatively or positively to nutritional status, health, societal equity and environment. The
net impact of agricultural water management interventions on poverty may depend

individually and/or synergistically on the working of these pathways.

METHODOLOGY: DATA AND MODEL
The data

This study develops a model which uses 2005 Social Accounting Matrix
(SAM) of Indonesia as the basis of its database. The original 2005 S AM was extended to
accommodate a more disaggregated agricultural sector, particularly the food crops
including paddy, non-paddy food crops, sugarcane and other estate crops. It also includes
several sectors related to agriculture, such as agricultural services, rice milling, food,

fertilizer, pesticide and irrigation building. The classification of sectors and commodities




for this model is shown in Table 1. The SAM that constitutes the core database of the

model is summarized in Appendix 2.

The basic structure of the model is represented schematically in Figure 2. The

coluan headings represent agents in the economy where demand comes from, i.e:

(1) domestic producers divided into I industries;

(2) investors divided into I industr

(3) ten representative households;

ies;

(4) an aggregate foreign purchaser of exports;

(5) an'other' demand category, broadly corresponding to government; and

(6) changes in inventories.

Households are disaggregated into 10 types, differentiated by income level and

origin. The composition of income and expenditure differs by group. Table 2 displays the

classificationof households.

Table 1: Commodity and industry classification

No Sector/commodity Sector/commodity

1 Paddy 13 Wood and wood products

2 Non-paddy food crops 14 Paper, paper products, transport equipment,
machine and iron

3 Sugarcane 15  Fertilizer

4 Other estate crops 16 Pesticide

5  Livestock 17  Electricity,, Gas, Water, Construction and Other
Chemical and cement

6  Forestry and hunting 18  Irrigation building

7  Fishery 19 Transportation

8  Agricultural services 20  Trade, restaurant and hotel

9  Mining 21  Bank and insurance

10 Rice milling 22 Government

11 Food 23 Other services

12 Textile, wearing apparel and leather




2: The Model Flows Database

Figure
Absomption Matrix
Producers Investors | Household Export Other Change inInventories
Size — 1 5|l 1 5]« H o2l 1 5« 1 « 1 -
] T
Basic xS VIBAS V2BAS V3BAS V4BAS V5BAS VGBAS
Flows
L
T
Margins | CxSxM VIMAR V2MAR V3M AR V4AMAR VSMAR n/a
L
T
Taxes CxS VITAX V2TAX V3TAX V4TAX ViTAX n/a
L
T C = Number of Commodities
Labour (0] VILAB I = Number of Industries
{
T S = 2:Domestic, Imported,
Capital 1 VICAP O = Number of Occupation Types
+
T M = Number of Commodities used as
Land 1 VILND Margins
4
Othy 1
UE:) 1 VIOCT H = Number of Households
Costs
4
Note: ~ Each cell in the illustrative absorption matrix in Figure 2 contains the name of the cor-
responding data matrix. For example, V2MAR is a 4-dimensional array showing the
cost of M margins services on the flows of C goods, both domestically produced and
imported (S), to I investors.
Source: Wittwer, Glyn. 1999. WAYANG: a general equilibrium model adapted for the

Indonesian economy ACIAR project no. 9449.Adelaide: Centre for International
Economic Studies, University of Adelaide .http://www.monash.edu.au/policy/oranig.htm
(accessed November 2, 2009)

Table 2. Households classification

No Households classification Code
Agricultural
1 Employees HH1
2 Operator, Land Owner 0.000 - 0.500 Ha HH2
3 Operator, Land Owner 0.500 - 1.000 Ha HH3
4 Operator, Land Owner >1.000 Ha HH4
Non Agricultural
Rural
5 Lower Level; Non Agriculture Self Employed, Clerical, Retail Sales, HHS5




Personal Services, and Transport & Manual Workers

6 Non Labor Force and Unclassified Household HH6

7 Higher Level, Non Agriculture Self Employed, Clerical & Sales, HH7
Services, Managers, Supervisors, Technicians, Teachers, and Non
Civilians

Urban

8 Lower Level; Non Agriculture Self Employed, Clerical, Retail Sales, HHS
Personal Services, and Transport & Manual Workers

9 Non Labor Force and Unclassified Household HH9

10 Higher Level; Non Agriculture Self Employed, Clerical & Sales, HHI0
Services, Managers, Supervisors, Technicians, Teachers, and Non
Civilians

The model

CGE modelling is still believed to be the most powerful tool in analyzing welfare
effects of economy-wide policy changes, ie. the policy that is heavily determined by
market or sectoral interdependence (Mitra-Kahn, 2008). Several researchers have applied
CGE to analyze effects of change in policies in the agricultural sector, partiallarly for
Indonesia. Among them are Cabalu et al (1997), Erwidodo et al (1999), Abimanyu
(2000),&&aviani and Drynan (2000), and Haryono (2008).

A number of applied CGE models have also been developed solely for Indonesia.
These include, among others, INDORANI (developed in 2000 by Gadjah Mada
University in collaboration with COPS, Monash University), WAYANG (developed in
1999 by Center for Strategic International Studies in collaboratiﬁ with COPS, Monash
University), INDOCEEM (developed in 2002 by the Indonesian Ministry of Energy and
Mineral Resources and LPEM, University of Indonesia), INDOF (2000), and AGRINDO
(2008) (developed by Bogor Institute of Agriculture), and AGEFIS (developed in 2008
by Ministry of Finance and CEDS, Padjadjaran %iversity). These models were based on
ORANI (Dixon, et al., 1982; Powell, 1991)ORANI-F (Horridge er al., 1993), and
ORANIGRD (Horridge, 2002), the framework of the Australian economy.

The model developed in this study is&static CGE model that implements a
similar structure ofequations based on the ORANI-G of the Australian economy
(Horridge, Parmenter and Pearson, 1998). It also follows features WAYANG
(Wittwer, 1999) and AGEFIS (Yusuf etal, 2008). WAYANG is a model of the
Indonesian economy which is based closely on ORANI-G, but adds an innovative

treatment of agricultural technology, a 'top-down' regional extension, multiple
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households, and a small budgetary extension. AGEFIS is yet to be the first Indonesian
fully-SAM-based CGE model solved by GEMPACK.

As an overview, the theoretical structure of the model is summarized as follows
(Yusuf et al., 2008):

1. The production structure of the economic sectors is based on nested Leontief
production function for intermediate input and value added, with the value added
production function specified as a CES (constant elasticity of substitution). There
are two primary production factors in the model, i.e. capitaland labor.

2. The demand for investment goods is based on Leontief production function.

3. The household sector maximizes a Cobb-Douglas utility function.

4. The optimization of import and domestic goods composition is conducted by an
economic agent via Armington specification.

5. The household receives income from the ownership of production factors, as well
as from transfers from a range of other institutions (government, companies and
foreign).

6. The government receives their income from indirect tax, direct tax, returns to
factor owrnership and transfer from other institution such as the rest of the world.
The government spends the budget for consumption, to subsidize commodities
and to a transfer to other institutions such as households.

The multi-input, multi-output production specification illustrated by the nesting

shown in Appendix 2 and the demand of investment goods illustrated in Appendix 3.

SIMULATION RESULT

The development of irrigation infrastructure and the increase of agriculture
productivity (especially paddy) are the vital instruments for national food security and
eradjcation of poverty programs in Indonesia, that cannot be implemented in the short
run. Not only these programs take time to implement, but we can cect economic agents
to take some time to fully adjust from the changes. For this reason we believe thata long
mn closure of the model is the appropriate closure under which to model the effects of
the invatment of irrigation infrastructure and productivity improvements in the paddy
sector. In the long run closure the factor is full employment and capital and labor mobile

among sectors.
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Investment in irrigation development involves an increase in the number of new
irrigation buildings and areas, improvement of damaged imrigation networks and
maintenance of existing irrigation networks continuously. This requires an adequate
funding for agricultural infrastructure development, and a strong commitment from both
central and local governments. The simulation represents an increase in the government
investment expenditure for agricultural infrastructure by 30 per cent and 1 per cent
improvement in the productivity of agricultural production, particularly the paddy sectors
which use irrigation extensivelyz. Hence, the two simulations conducted are as follows:
SIM1 represents an increase of the government investment in agricultural infrastructure
by 30 per cent, and SIM2 represents a combination of SIM 1, ie., the increase of
infrastructure investment and increased productivity of paddy production (as the largest

irrigation user) by 1 per cent.

Macroeconomic and industry results

A 30 per cent increase in government investment on irrigation (SIM1) results in a
0.265 per cent increase in real GDP. A combination of 30 per cent increase in
government investment on irgieation and 1 per cent increase of productivity of paddy
(SIM2) lead to an increase in real GDP by 0.295 per cent. The increase in real GDP from
the expenditure side is driven by the increase in consumption, which originates from the
increase in investment itself.

The increase in investment in irigation encourages imports while exports fall. So
is the impact of the SIM2. The increase in demand of capital goods for development and
demand for machinery in the agricultural sector increase imports because most high
technology goods are imported. Irrigation construction sector and rice farming are not

export-oriented sectors.

Table 3. Macroeconomic effects of a 30 per cent government investmenton irrigation and

I per cent increase in paddy productivity

Description SIM1 SIM2

*The 30 per cent increase in government investment in irrigation is based on the average increase
in govermnment spending for irigation during 2005-2010 (Ministry of Finance Republic of
Indonesia, 2011) and productivity in paddy is based on the average growth of productivity during
2005-2010 (Kementerian Pertanian, 201 1).
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Consumers price index 0.544 0.502

GDP deflator 0.644 0.62
Household expenditure 1.158 1.174
Price of export 0.460 0.466
Price of import 0 0
Price of investment 0.333 0.339
Transfer to household from central government 0.544 0.502
Real GDP 0.265 0.295
Real consumption 0.614 0.672
Real export -2.298 -2.329
Real import 0.838 0.831
Real mvestment 3.524 3.524

Source: Simulation results

Long run activity of the production sectors is projected to contract in both SIM1
and SIM2. In addition, the non—agriﬁltural sectors do not require irrigation, in general,
the decline in sectoral output is also a reflection of the fact that the industry’s input costs
are rising by the implementation of SIM1 and SIM2. Paddy sector which used irrigation
most is projected to contract in SIM1. It is associated with the non-optimal use of
irrigation, which is not supported by sufficient intensification technology. Extension of
wetland area, especially outside Java Island, does not meet the speed of development of
agricultural infrastructure. In SIM2, the output of paddy increases. It shows that the
influence of technological efficiency which is reflected in the increase of productivity in

the paddy sector is more effective than the development of irrigation.

Table 4. Impact of a 30 per cent government investment on irrigation and 1 per cent

productivity of paddy increase on industrial output (%)

No Sector/commodity Output Cost of production
SIM1 SIM2 SIMI SIM2
1 Paddy -0.370 0.282 1.188 0.135
2 Non-paddy food crops -0.204 -0.189 1.199 1.164
3 Sugarcane -0.934 -0.905 1.030 1.049
4 Other estate crops -0.488 -0.461 1.200 1.189
5  Livestock -0.377 -0.361 0.936 0.942
6  Forestry and hunting 0.370 0.338 0.585 0.597
7  Fishery -0.034 -0.023 0.596 0.607
8 Agricultural services -1.659 -1.922 0.781 0.796
9  Mining -0.760 -0.792 0.282 0.290
10 Rice milling -0.251 0.420 1.088 0.467
11 Food -0.777 -0.748 0.688 0.682
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12
13
14

15
16
17

18
19
20
21
2
23

Textile, wearing apparel and leather

Wood and wood products

Paper, paper products, transport equipment,
machine and iron

Fertilizer

Pesticide

Electricity , Gas, Water, Construction, Other
Chemical and cement

Irrigation building

Transportation

Trade, restaurant and hotel

Bank and msurance

Government

Other services

-1.386
-2.042
-0.777

-1.260
-1.453
-0.202

28.146
-0.448
-0.720
-0.088
-0.439
0.019

-1.409
-2.087
-0.800

-1.318
-1.495
-0.215

28.142
-0.458
-0.709
-0.090
-0.433
0014

0.490
0.579
0.390

0.731
0.483
0.375

0.807
0.548
0.903
0.435
1.024
0.440

0.498
0.590
0.397

0.745
0.493
0.383

0.822
0.559
0.896
0.445
1.027
0.450

Source: Simulation results

Households’ income

Table 5 shows that SIM1 exerts a relatively negligible effect on distribution of

nominal household’s income. The HHI1 (agricultural employees) and HHS5 (non

agricultural, rural, lower level) households benefit most from this policy. This happens

because the work force in both groups of households are most likely to temporarily move

or undertake as a new profession to be construction workers.

Table 5:

household’sincome (per cent)

Impact of increase of the irrigation development and paddy productivity on

Households SIM1 SIM2
HHI1 0.094 0.104
HH2 0.073 0.109
HH3 0.063 0.083
HH4 0.058 0.084
HH5 0.091 0.093
HH6 0.070 0.123
HH7 0.061 0.089
HHS8 0.075 0.109
HH9 0.085 0.102
HH10 0.058 0.118

Source: Simulation results

As a result of SIM2, all households in general experience an increase in income.

Howe ver, the distribution of the increasing of income is different from SIM1. Some rural

non-agriculture and urban households are projected to enjoy a larger income increase
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than the rural agricultural households. This indicates that the benefit from the

improvements of agricultural production, especially paddy, more prevalent in distribution

channel and trade.

SUNIN%RY

The objective of this study was to examine the effects of simulation namely,
irrigation development (investment) and an increase in irrigation investment along wi
increased productivity of paddy farming on the economy and household incomes in
Indonesia using a static Computable General Equilibrium model.

The development of irrigation infrastructure and the increase paddy productivity
in the long run will increase economic growth. This supports the hypothesis of
endogenous growth. In aggregate level, it can be concluded that the increase in irrigation
infrastructure and productivity of paddy farming cannot raise exports, and domestic
consumption remains a key driver in economic growth.

The output of paddy as users of irrigation will not increase if the development of
irrigation is not accompanied by improvement of agricultural efficiency (productivity)
and the more equitable distribution of irrigation into new agricultural areas.

The ingrease in investment of irrigation development and the increase of paddy
productivity have a positive impact on houschold income due to the increase in
purchasing power of farm workers households. However, these results should be
addressed with caution, because the households that are also at the lower levels of income

have a lower positive change in income (consumption) than other households.
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Appendix

Appendix 1: Summary of Social Accounting Matrix (SAM 2005, Rp Trillion)

Sektor | PFP HH | cor | cov | aGri | MIN [ MAN | SER MAaR|ca [ m [sus |Fa | TOT

PIP - - - | 2270| 1611 49%02]| 4897 - - - - 110] 13790
HH B373| 543| 145| 72.6] 2270| 1611 4902 4897 - - - [ 210] 23617
COR 3911 | 3sa - - - - - - - - | 162  aas
GOV 260] 114] 1842 212 - - - - - - 93a] 15| s2[ 2597
AGRI -] 1559 - 17| 3534 00 1579 363 -1 08 - -l ea| 7157
MIN 1 oo -1 o 00| 2087 1271 03 NIEX - 770 a2
MAN - 423 -| 25| 3se| 64| 18295] 1569 -] 2756 - | 43a2] 31659
SER -| 3056 | sos] 46 43 67.7] 10455] 3003 19 - | a77] 18464
MAR - - - - 705 43| 2348 00 - - - - - 3096
CA - 397] 1244] 696 - B - - - - - | a7 2m1a4
T - - : ] 37 6.6 61.2 218 - - - - - 933
SUB - - £ . 3 s oo - - - - - B
FA 1248 97] 843 2] 182l 2ss|  27ms 959 - - - - | 6507
TOT | 13792| 9887 4428| 2597 9429| 5783| 36559 2336.1| 3003 | 2814| 93.3] (815)] 670.7] 11.856.8

Note: FFP = primary factor of production; HH = household; COR = corporate sector; GOV =
government

sector; AGR = agriculture; MIN = mining; MAN = manufacturing; SER = services; MAR
margin; CA = capital account; IT = indirect tax; SUB = subsidy; FA = foreign account; TOT
total

Source: Badan Pusat Statistik. 2007, Sistem Neraca Sosial Exonomi Indonesia 2005. Jakarta:
Badan Pusat Statistik
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Appendix 2: Structure of production
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Note: primary factor demands above apply to non-agricultural industries only. In
agriculture, the four factors of production are unskilled labour, land, variable capital
and a domestic-import fertilizer composite.

Inputs or ouputs

Source: Wittwer, Glyn. 1999. WAYANG: a general equilibrium model adapted for the
Indonesian economy, ACIAR project no. 9449. Adelaide: Centre for International
Economic Studies, University of Adelaide.
http//www.monash.edu.au/polic v/ oranig.htm (accessed November 2, 2009)
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Appendix 3: Structure of investment demand
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Source: Wittwer, Glyn. 1999. WAYANG: A general equilibrium model adapted for the
Indonesian economy, ACIAR project no. 9449. Adelaide: Centre for International
Economic Studies, University of Adelaide.
http//www.monash.edu.auw/policy/oranig.htm (accessed November 2, 2009)
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