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Abstract. National water use accounts are generally limited

to statistics on water withdrawals in the different sectors of

economy. They are restricted to “blue water accounts” re-

lated to production, thus excluding (a) “green” and “grey wa-

ter accounts”, (b) accounts of internal and international vir-

tual water flows and (c) water accounts related to consump-

tion. This paper shows how national water-use accounts can

be extended through an example for Indonesia. The study

quantifies interprovincial virtual water flows related to trade

in crop products and assesses the green, blue and grey water

footprint related to the consumption of crop products per In-

donesian province. The study shows that the average water

footprint in Indonesia insofar related to consumption of crop

products is 1131 m3/cap/yr, but provincial water footprints

vary between 859 and 1895 m3/cap/yr. Java, the most water-

scarce island, has a net virtual water import and the most

significant external water footprint. This large external water

footprint is relieving the water scarcity on this island. Trade

will remain necessary to supply food to the most densely

populated areas where water scarcity is highest (Java).

1 Introduction

Governments usually formulate national water plans by look-

ing how to satisfy water users. Even though governments

nowadays consider options to reduce water demand in addi-

tion to options to increase supply, they generally stick to a

water-user perspective, with farmers, industries and drinking

water supply utilities as the main water users. It has been ar-

gued that the scope of water management should be extended

by adding a consumer and trade perspective to the analysis

(Hoekstra and Chapagain, 2008). The consumer perspective
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takes the view that all water resources use ultimately links to

consumption by final consumers and that consumption pat-

terns are thus a key factor in water management as well. The

trade perspective takes the view that trade in water-intensive

products relieves the pressure on water-scarce regions that

import those products and enhances the pressure on the wa-

ter resources in the exporting regions and that trade is thus a

key factor in water management too. Adding the consumer

and trade perspectives to the traditional producer perspec-

tive would imply that basic water-use accounts need to be

extended.

National accounts on water use are usually limited to ac-

counts of the water withdrawal needs in the domestic, agri-

cultural and industrial sector. The water-withdrawal indica-

tor, however, does not give information about the actual need

of water by people in relation to their consumption. The in-

dicators of “water footprint” and “virtual water trade” are a

useful addition to the water-withdrawal indicator. The wa-

ter footprint is a consumption-based indicator of water use

introduced by Hoekstra (2003). This indicator shows the wa-

ter use of inhabitants of a country or province in relation to

their consumption pattern. The water footprint of the peo-

ple in a province is defined as the total amount of water that

is used to produce the goods and services consumed by the

inhabitants of the province. This water footprint is partly

inside the province itself (the internal footprint) and partly

presses somewhere else (external footprint). Virtual-water

trade refers to the transfer of water in virtual form from one

place to another as a result of product trade. Virtual water

refers to the volume of freshwater embedded in a product; it

is the volume of water that was consumed or polluted in the

production phase of the product.

This paper shows how national water-use accounts can be

extended by including accounts of interprovincial and inter-

national virtual water flows and provincial water footprints.

This is done through an example for Indonesia. Indonesia

has a tropical climate with abundant rainfall. The lowlands
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experience high temperatures throughout the year (averaging

28 ◦C); the inland highlands are somewhat cooler. The east-

ern monsoon brings the dry season (June–September), while

the western monsoon brings the wet season (December–

March). The agricultural sector in Indonesia faces an increas-

ing demand for agricultural products, caused by a growing

population and hence a higher consumption (ADB, 2006).

Water resources for agricultural activities are getting scarcer

due to the growing demand for irrigation. Moreover, compe-

tition over water is growing due to an increasing use of wa-

ter for households and industries (Ministry of Agriculture,

2006). The water use is already highly constrained by un-

balanced conditions of demands and the potential availabil-

ity, particularly during the dry season. The water resources

conditions in Indonesia have come to the stage where inte-

grated action is needed to reverse the present trends of over-

consumption, pollution and the increasing threat of drought

and floods (World Water Council, 2003).

The aim of the study is to quantify interprovincial virtual

water flows related to trade in crop products and determine

the water footprint related to the consumption of crop prod-

ucts per Indonesian province. The water footprint will be

calculated as an average for the years 2000 to 2004 and in

the period of analysis Indonesia consisted of 30 provinces.

The most important crops for this study have been selected,

based on estimated and reported water use, production value

and land use. This selection resulted in the following list of

crops: rice, maize, cassava, soybeans, groundnuts, coconuts,

oil palm, bananas, coffee and cocoa. The selected crops rep-

resent 86% of the total water use, 71% of the production

value and 86% of the total agricultural land.

The study basically follows the methodology as set out by

Hoekstra and Chapagain (2007, 2008). Their study was a

global study covering nearly all countries of the world. In-

donesia was also included in their study, but without going

down to provincial level. Research on a more detailed scale

has already been done for some countries, such as China (Ma

et al., 2006), India (Verma et al., 2009; Kampman et al.,

2008), the Netherlands (Van Oel et al., 2008) and the UK

(Chapagain and Orr, 2008). These national studies give a

more detailed view of the water flows, water use for crop

production and water consumption by the population within

a country than the global study of Hoekstra and Chapagain

could do. After the above-mentioned case studies for China

and India, the current study for Indonesia is the third time

that the extended water-resources-use accounting framework

is applied at the provincial level. After the India study it is

the second time that – in addition to the green and blue water

footprint components – the grey water footprint component

is included in such a study. The current study for Indonesia

differs from the India study in that the latter showed export

of virtual water from the most water-scarce regions (Punjab,

Haryana), whereas the current study will show import of vir-

tual water to the most water-scarce region (Java).

2 Method and data

For the calculation of water footprints and virtual water

flows, the methodology described in Hoekstra and Chapa-

gain (2007, 2008) has been used. Agricultural products can

be divided in crops and livestock products. The focus in this

study will be on crops. The first step in the calculation of

the water footprint of a crop product is the determination of

the evapotranspiration. The FAO Penman-Monteith method

has been used to calculate the reference evapotranspiration,

which is the evapotranspiration of reference grass in the sit-

uation with an abundance of water (Allen et al, 1998). The

data for the calculation of the reference evapotranspiration

are taken from CLIMWAT (FAO, 2008a) and BMG (2008).

Subsequently, the reference evapotranspiration is multiplied

with a crop parameter, to calculate the evapotranspiration

of a crop. The crop parameters are obtained from Allen

et al. (1998), Chapagain and Hoekstra (2004), IRRI (2008),

Swastika et al. (2004), FAO (2008b), Taufiq et al. (2007) and

Wood and Lass (1989). Calculations over the growing pe-

riod are done with a time step of ten days. The crop water

requirement is the summation of this potential crop evapo-

transpiration over the growth period. The water footprint of

a crop depends on the crop water requirement and the avail-

ability of water in the soil. This water can originate from

either rainwater or irrigation. The water originating from

rainfall that contributes to crop growth is called green wa-

ter use. The green water use is the minimum of the potential

crop evapotranspiration and the effective rainfall. The effec-

tive rainfall is defined as the amount of rainfall that enters the

soil and will be available in the soil for crop growth (FAO,

2008c). It is calculated according to a formula developed

by the USDA Soil Conservation Service (FAO, 2008c). The

rainfall data are obtained from CLIMWAT (FAO, 2008a) and

BMG (2008). Irrigation water that is used for crop growth is

called blue water use. The blue water use is assumed to equal

the irrigation water requirement in the crop areas that are re-

ported as “irrigated”. Blue water use is assumed zero in areas

that are reported as “non irrigated”. The ratios of irrigated to

total crop area are based on BPS (2008a) and Ministry of

Agriculture (2008). The irrigation water requirement is the

potential crop evapotranspiration minus the green water use.

Irrigation of estate crops is not common FAO (1999), the blue

component is nil for these crops. Finally, the grey water foot-

print of a product is an indicator of freshwater pollution that

can be associated with the production of a product over its

full supply chain (Chapagain et al., 2006; Hoekstra and Cha-

pagain, 2008; Nazer et al., 2008; Van Oel et al., 2009). It is

defined as the volume of freshwater that is required to assim-

ilate the load of pollutants based on ambient water quality

standards. It is calculated as the volume of water that is re-

quired to dilute pollutants to such an extent that the quality

of the water remains above agreed water quality standards

(Hoekstra et al., 2009). We have restricted the analysis to the

Hydrol. Earth Syst. Sci., 14, 119–128, 2010 www.hydrol-earth-syst-sci.net/14/119/2010/



F. Bulsink et al.: Water footprint of Indonesian provinces 121

effect of nitrates used as inorganic fertilisers in agriculture.

The grey water footprint is calculated as the amount of ni-

trate that has leached into the groundwater multiplied with a

dilution factor. The amount of nitrate that has leached into

the groundwater is equal to the amount of nitrate supplied

to the field times the leaching factor. Data about fertilizer

use have been taken from FAO (2005, 2008d). In the data

there is no distinction in fertilizer use per province, there-

fore it is assumed that fertilizer use per hectare is the same

in every province. The leaching factor is taken from Chapa-

gain et al. (2006). The dilution factor is the inverse of the

maximum acceptable level of nitrogen in the ambient water

system, which is obtained from EPA (2005). The total wa-

ter footprint of a product is the sum of the green, blue and

grey water footprint of a product. These components are cal-

culated by summing respectively green, blue and grey wa-

ter use over the growing period and dividing those sums by

the yield. The yield is determined with the production quan-

tity and harvested area, which are taken from the Ministry of

Agriculture (2008), BPS (2008b) and FAO (2008e).

The primary crops can be processed into other products.

This will lead to a distribution of the water footprint of the

crop over the processed products. The water footprint of a

processed crop product is the water footprint of the primary

crop multiplied with the value fraction and divided by the

product fraction. The product fractions are obtained from

FAO (2008f) and the value fractions are from Chapagain and

Hoekstra (2004).

Virtual water flows are the result of trade between regions.

For the calculation of the virtual water flows between Indone-

sian provinces the methodology described in Ma et al. (2006)

has been used. The method is based on surpluses and deficits

in regions. If the production is larger than the consumption of

a crop there is a surplus in a province. A deficit occurs when

the consumption is larger than the production. The consump-

tion rate is based on the daily consumption per capita of pro-

tein by provinces which is derived from BPS (2008c). The

consumption diet is assumed to be equal in all provinces and

is derived from the national food balance (FAO, 2008e). The

population by province is taken from BPS (2008d), for the

calculation of the total consumption in a province. Trade will

occur from regions with surpluses to regions with deficits. In

this study the assumption is made that trade will first start be-

tween provinces within an island group. After this first dis-

tribution trade will occur between the remaining provinces in

Indonesia. Interprovincial virtual water flows are calculated

by multiplying product trade volumes by the water footprints

of the traded products.

The water footprint of a province consists of an internal

and external part. The internal water footprint is defined as

the annual volume of provincial water resources used to pro-

duce crops consumed by inhabitants of a province. The ex-

ternal water footprint is defined as the annual volume of wa-

ter resources used in other countries or provinces to produce

crops consumed by inhabitants of the province concerned

Table 1. The average green, blue and grey water footprint for pri-

mary crops in Indonesia (2000–2004).

Water footprint [m3/ton]

Green Blue Grey Total

Rice 2527 735 212 3473

Maize 2395 75 13 2483

Cassava 487 8 19 514

Soybeans 1644 314 0 1958

Groundnut 2962 162 0 3124

Coconut 2881 0 16 2896

Oil palm 802 0 51 853

Banana 875 0 0 875

Coffee 21904 0 1003 22907

Cocoa 8895 0 519 9414

(Hoekstra and Chapagain, 2007). The international wa-

ter flow coming into Indonesia is taken from Hoekstra and

Mekonnen (2010).

3 Results

3.1 Water footprint of crops per province

Cassava has the lowest water footprint of the crops consid-

ered, namely about 500 m3/ton, and coffee the highest, about

22 900 m3/ton. The water footprints of the most important

crops averaged for Indonesia are listed in Table 1. In to-

tal terms, rice is the largest water user compared with the

water use for other crops. This is caused by the high pro-

duction quantity and the high water footprint per kilogram

of rice produced. Rice is the most important crop in the

diet of Indonesian people. The regional differences in the

water footprint of crops are in some cases relatively large.

These differences are caused by differences in climate and

agricultural practice. Climate determines the evapotranspi-

ration and thus influences the water footprint of crops. The

average evapotranspiration within Indonesia varies between

3.5 and 5.8 mm/day. Agricultural practice determines yields;

a high crop yield results in a relatively low water footprint of

the crop.

The green component has the largest contribution to the

water footprint of crops. For rice, the green component con-

tributes 73% to the total water footprint. The blue compo-

nent is 21% for rice, 16% for soybean and 5% for ground-

nut; for the other crops the contribution of the blue com-

ponent to the water footprint is marginal. Most crops are

thus mainly grown with rainwater. Blue water consumption,

i.e. consumptive use of groundwater or surface water, gener-

ally has a larger effect on the environment than green water

consumption, which refers to rainwater use (Falkenmark and

Röckstrom, 2004). The crops rice, oil palm and cocoa have

the largest grey component, because of the relatively large
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Fig. 1. Virtual water import per province with the largest net virtual water flows between island groups. Only the largest flows (>109 m3/yr)

are shown.

amount of fertilizer application. This component accounts

for 6% of the water footprint for these crops. For some crops

irrigation or fertilizer use is not common yet. Due to the in-

creasing crop demand and spread of technology, this may be-

come more common in the future, in which case the pressure

on the blue water resources will increase.

3.2 Virtual water flows related to trade in crop products

The province that has the largest virtual water outflow to

other provinces is Sulawesi Selatan. This is mainly caused

by the export of rice to other areas within Indonesia, most

importantly Jakarta and the rest of Java. Other large export-

ing provinces are Kalimantan Selatan, Sumatera Barat and

Nanggroe Aceh D. These provinces account for 82% of the

total virtual water flow within Indonesia. These provinces

have a large production and consequently a large surplus of

one or more crops, so there is a large outflow of products

to other provinces with deficits. Table 2 shows these virtual

water flows between provinces.

The provinces that import most water in virtual form from

other provinces are Jakarta, Java Barat, Riau and Banten.

These provinces account for 55% of the total interprovincial

virtual water import. Because of the high consumption quan-

tity and/or the low production of crops, these provinces have

a high virtual water import.

The province of Riau is a large exporting and a large im-

porting province. This is caused by the fact that the surplus

of certain crops is high while other crops are in large deficit.

Riau imports a lot of rice and cassava and it has a large sur-

plus of coconut and palm oil.

Figure 1 shows that the largest virtual water flows between

provinces all go to Java. Java is an extremely densely pop-

ulated island on which natural resources are not sufficient

to feed all inhabitants. To reduce the pressure on the wa-

ter resources on Java, water is imported in virtual form from

provinces with a lower scarcity of water. This is in contrast

with the situation in India and China, where studies have

shown that virtual water is exported out of water-scarce re-

gions, putting extra pressure on the water resources in these

regions (Ma et al., 2006; Kampman et al., 2008).

The island group that exports most virtual water to other

countries is Sumatra (Table 3). The large flow of virtual wa-

ter out of Sumatra is mainly related to the export of oil palm,

coffee and coconut oil. Oil palm contributes more than 60%

to the total virtual water export of Indonesia. Indonesia is

the world’s largest producer of oil palm and the largest part

of the production is meant for the world market. Java is the

only region in Indonesia with a net virtual water inflow (Ta-

ble 3). In total, Indonesia exports more virtual water to other

countries than it imports, resulting in a net outflow of virtual

water from Indonesia.

Table 4 shows the interprovincial and international virtual

water flows that can be associated with trade in various crops.

Crops causing relatively large interprovincial flows of water

are cassava, groundnuts, bananas and coffee. Banana is the

crop with by far the largest interprovincial water flow relative

to the water use for production. Soybean is the product with
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Table 2. Gross virtual water flows between provinces as an average over the years 2000–2004.
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the highest international import of virtual water. The crops

with a relatively large amount of virtual water that will leave

the country are oil palm, coffee, coconuts and cocoa.

3.3 Water footprint of Indonesian provinces

The average water footprint related to the consumption

of crop products in Indonesia is 1131 m3/cap/yr. Peo-

ple in Kalimantan Tengah have the largest water footprint,

1895 m3/cap/yr, and a person in Java Timur has the small-

est water footprint, 859 m3/cap/yr. A person in Jakarta relies

the most on external water resources. Jakarta is a large ur-

ban area with only a small area suitable for agricultural pur-

poses. This creates the dependency on water resources of

other provinces and countries. Lampung has the highest use

of internal water resources (98%). Lampung can fulfil its

own needs for almost every crop, only for groundnuts and

soybeans it has a small deficit. The provinces have an aver-

age internal water use of 84%, for the other 16% they rely

on other provinces or countries. Table 5 shows the water

footprint related to the consumption of crop products per In-

donesian province.
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Table 3. International virtual water flow per island group as an average over the years 2000–2004.

Water use for International virtual water flows [109m3/yr]

production1 Gross virtual Gross virtual Net virtual

[109 m3/yr] water export water import water export

Sumatra 116 29.0 1.3 27.7

Java 124 1.1 3.1 −2.0

Nusa Tenggara 18 1.1 0.35 0.77

Kalimantan 32 5.8 0.40 5.4

Sulawesi 39 5.5 0.38 5.1

Maluku 4 0.97 0.15 0.82

Papua 2 0.25 0.16 0.09

Total 335 43.7 5.8 37.8

1Water use refers here to the total crop production, including crops not used for food, but for feed, seed or other purposes (see food

balance sheet).

Table 4. Water use for production, interprovincial virtual water flow and international virtual water flow per crop for Indonesia for the period

2000–2004. The primary and processed crops are combined.

Water use for Interprovincial International virtual

production1 virtual water flow water flow [109 m3/yr]

[109 m3/yr] [109 m3/yr] Import Export

Rice (milled equivalent) 182.0 13.8 1.8 0.0

Maize 25.3 3.2 0.2 0.1

Cassava 9.1 1.6 0.2 0.3

Soybeans 1.5 0.0 2.6 0.0

Groundnuts 2.4 0.5 0.4 0.0

Coconuts 47.3 3.7 0.0 8.6

Oil palm 44.1 4.3 0.0 24.0

Bananas 3.8 2.5 0.0 0.0

Coffee 14.5 2.5 0.1 7.0

Cocoa 5.3 0.2 0.5 3.5

Total 335.3 32.4 5.8 43.7

1Water use refers here to the total crop production, including crops not used for food, but for feed, seed or other purposes (see food

balance sheet).

Figure 2 visualizes the variation of the water footprint per

capita over Indonesia. The water footprints of provinces on

Java are relatively low and provinces on Kalimantan have a

relatively high water footprint. The factors that determine the

water footprint in general are: volume of consumption, con-

sumption patterns, climate and agricultural practice (Hoek-

stra and Chapagain, 2007). Because in this study the con-

sumption patterns (ratios between type of crops consumed)

have been assumed to be the same for each province, the dif-

ferences in water footprints are caused by climate, agricul-

tural practice and consumption quantity. Agricultural prac-

tice influences the yield and thus the water footprint of crop

products. On Java the yields are high, the average consump-

tion rate is just below average and the evapotranspiration rate

is lower compared to other regions, which causes the low wa-

ter footprint of the population on Java.

Rice contributes 69% to the crop-related water footprint.

This is caused by the relatively high water footprint per kilo-

gram for rice, but mostly by the high consumption rate of

rice in Indonesia. After rice, coconut and coconut oil have

the largest contribution to the crop-related water footprint of

an average Indonesian consumer.

The contribution of the green, blue and grey component to

the water footprint related to the consumption of crop prod-

ucts is respectively 80%, 15% and 5%. The green component

has by far the largest contribution and the grey component is

relatively small.

Figure 3 shows the virtual water trade balance and

the water footprint for the island of Java and for In-

donesia as a whole. The total virtual water import

of Java is 15.6 billion m3/yr, of which 12.5 billion m3/yr

comes from other islands and 3.1 billion m3/yr from other
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Table 5. Water footprint related to the consumption of the selected crop products per capita for Indonesian provinces for the period

2000–2004.

Provincial water footprint [m3/cap/yr]

Internal
External

Total

Other province Other country

Nanggroe Aceh D. 1171 69 4 1243

Sumatera Utara 1245 56 22 1323

Sumatera Barat 1131 71 24 1226

Riau 663 498 79 1240

Jambi 1288 158 38 1483

Sumatera Selatan 1143 98 30 1272

Bengkulu 1573 67 17 1657

Lampung 1113 5 19 1136

Bangka Belitung 360 732 115 1207

D.K.I. Jakarta 5 849 121 974

Java Barat 708 164 30 902

Java Tengah 1152 61 15 1228

D.I. Yogyakarta 875 101 11 986

Java Timur 815 42 2 859

Banten 789 287 55 1130

Bali 923 158 29 1110

Nusa Tenggara Barat 1332 96 6 1433

Nusa Tenggara Timur 865 354 58 1277

Kalimantan Barat 1639 74 26 1740

Kalimantan Tengah 1641 211 44 1895

Kalimantan Selatan 1337 97 26 1461

Kalimantan Timur 1096 334 56 1485

Sulawesi Utara 1021 267 47 1335

Sulawesi Tengah 1332 66 22 1420

Sulawesi Selatan 1249 35 14 1297

Sulawesi Tenggara 1089 276 50 1415

Gorontalo 905 242 36 1182

Maluku 360 544 80 984

Maluku Utara 569 442 72 1082

Papua Barat 475 503 70 1048

Indonesia 946 157 28 1131

countries. The total virtual water export from Java is

1.6 billion m3/yr, of which 0.5 billion m3/yr goes to other is-

lands and 1.1 billion m3/yr to other countries. The total wa-

ter footprint of the Javanese population, insofar related to

consumption of crop products, is 114.4 billion m3/yr, 13%

of which is external. Java thus depends on external water

resources, most of which comes from other islands. As for

Indonesia as a whole, the dependency on external water re-

sources is minimal. On contrary, the country exports a sig-

nificant amount of water in virtual form.

4 Conclusions and discussion

The average water footprint related to the consumption of

crop products in Indonesia is 1131 m3/cap/yr, but there are

large regional differences. The water footprint in Java

Timur is the lowest, namely 859 m3/cap/yr, and the high-

est water footprint can be found in Kalimantan Tengah,

1895 m3/cap/yr. Because the consumption pattern is as-

sumed the same in each province, the differences in wa-

ter footprint are caused by climate, agricultural practice and

consumption volume. The biggest contribution to the wa-

ter footprint per capita is from rice. This is caused by the

high consumption rate and the relatively high water footprint

of rice.

The water footprint of crops strongly varies within the

country. For instance, of all large rice producing provinces,

the provinces on Java and Bali have the lowest water foot-

print. The water footprint of one kilogram of rice produced

on Java or Bali is almost half the amount of the water foot-

print of rice produced on Kalimantan, the Maluku islands
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Fig. 2. Water footprints of Indonesian provinces per capita related to crop products for the period 2000–2004.

 

Fig. 3. The virtual water trade balance and water footprint for Indonesia and the island of Java. The numbers refer to water volumes in

109 m3/yr. The water use refers to the production for food only, not to the production for feed, seed and other uses.

or Papua. This finding is consistent with the expectation

that water use efficiency is highest in places where water is

most scarce.

The green water component has the largest contribution to

the water footprint of crops in Indonesia. For most crops the

blue water use is less than 10% of the total water footprint,

only for rice and soybeans the blue water contribution is

higher. The grey component in the water footprint of crops

in Indonesia is relatively low, it contributes to at most 6%.

The interprovincial virtual water flows are primarily

caused by trade in rice. The crops cassava, coconut, bananas

and coffee have the largest interprovincial flow relative to the

water use for production. Sulawesi Selatan has the largest

contribution to the virtual water export to other provinces.

The flow out of this province exists primarily of water vir-

tually embedded in rice. Large importing provinces are

Jakarta, Java Barat, Riau and Banten. The largest flow of net

virtual water is from Sumatra to Java. Java, the most water-

scarce island, has a net virtual water import and the most
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significant external water footprint, which does relieve the

water scarcity on this island. Sumatra exports most virtual

water to other countries. The large flow of virtual water out

of Sumatra is mainly related to the products palm oil, coffee

and coconut oil.

Provinces depend highly on internal water resources. On

average 84% of the water footprint consists of internal water,

the flow of virtual water between provinces is low. Trade

is essential, however, to supply food to the most densely

populated areas where water scarcity is highest (Java). Water

scarcity on Java has been reduced by externalising the water

footprint of the consumers on Java to other provinces.

This paper illustrates how the framework of water foot-

print accounting can be applied at sub-national level. Wa-

ter footprint accounts provide a broader information base

than traditional water use accounts, which show water with-

drawals alone. Water footprint accounts show not only blue

but also green and grey water. Besides, water footprint

accounts show to which extent the water use in a certain

province relates to provincial consumption and to which ex-

tent to export. The sort of new data presented here may have

implications for water policy, but a few disclaimers are in

place. First of all, the data presented in this study are subject

to a number of assumptions and limitations formulated in the

method and data section. The results are probably most vul-

nerable to the assumptions that actual irrigation in irrigated

areas equals the irrigation requirements and that nitrogen ap-

plication per hectare is the same in every province. A serious

limitation is that the grey water footprint has been based on a

consideration of nitrogen only. For the purpose of actual pol-

icy making, refinements of the current study are necessary.

Besides, the sort of data presented in this study extend the

database on “water use”, but obviously still provides partial

information. For a proper assessment of the economic, social

and environmental implications of the green, blue and grey

water footprints of crops in Indonesia, further research is re-

quired. This would include a comparison of local water foot-

prints to locally available water resources and an evaluation

of local water use efficiency, equitability and sustainability.
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