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Table 1 Criteria of water stress index.

WSI Ranges Degrees of Water Stress
WSI < 0.2 Low Water Stress
0.2 = WSl <04 [Moderate Water Stress
0.4 = WSI High Water Stress

L ARREE X D ARHE B ICBE D 2 PR BTN T v A 25
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Table 2 Implementation results of regression analysis: comparison between total water requirement and agricultural water withdrawal.

Parameter Intercept| Partial Regression Coefficient

Correlation Coefficient (R) 0.9862

Coefficient of Determination (R?) 0.9725

Adjusted R-Square 09723

Significant F-Number 6.214 x107™

Parameter Value -4.486 1.585
t-Value -2.343 64.60
P-Value 0.02081 6.214x 107

Note: Total water requirement [lkm3fvr] means simulated irrigation water reguirement
(withdrawal base) in this study. Agricultural water withdrawal [km3/vr] is used a=s an
observed value, which is referred to the AQUASTAT database.
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Note: As a scatter diagram, total water requirement and agricultural water withdrawal are
put on vertical and horizontal axis, respectively. Total water requirement [km%yr] means
simulated Irrigation water requirement (withdrawal base) in this study. Agricultural water
withdrawal [km¥yr] is used as an observed value, which is referred to the AQUASTAT

database.

Figure 2 Comparison between total water requirement and agricultural water withdrawal in all the targeted countries (134 countries).
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Note: Arrow’s left label expresses the degrees of blue water stress including exported irrigation water requirement in
simulated irrigation water requirement. Arrow’s right label is that excluding exported irrigation water requirement.

Figure 3 Alleviation effect caused by excluding export on blue water stress.

Table 3 Comparison of global blue water stress by three indicators including export.

Degree of Water Stress | NMumber of Gountries | Population Rate | Population
Unit % billion

Low Water Stress 79 41 26

Moderate Water Stress 13 28 1.8

High Water Stress 28 30 1.9

Note: Three indicators are as follows: the number of countries, population rate [percent] and
population [billion]. Those are including exported irrigation water requirement in simulated
irrigation water requirement. Population rate is calculated as the ratio of regional population
clazsified by the degrees of water stress tothe world population.

Table 4 Comparison of global blue water stress by three indicators excluding export.

Degree of Water Stress | NMumber of Countries | Population Rate | Population
Unit % billion

Low Water Stress 83 43 27

Moderate Water Stress 13 26 1.7

High Water Stress 24 30 1.9

Note: Three indicators are as follows: the number of countries, population rate [percent] and
population [billion]. Those are excluding exported irrigation water requirement from simulated
irrigation water requirement. Population rate 12 calculated asz the ratio of remional population
classified by the degrees of water stress tothe world population.

Figure 3& 0\ #EFEREHROKZ b L R 2 A7546.
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X0, WWKZX ML ZADOED » B L. KWKA ML LIRIFEALTWS, 2T, MEDERRISENLS
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WCRZ 2525 ShRRKERE-ESERERNT LI EICED, ERLTWDLEEZEZOLND, Lol trb, AHFRICH
FWRA NV ZDEDPHPROKA b L AZER LI LR FBRBUKEHRDAKA b L ADRERIZ, HEHEEDRY
BFZ. PRIOKZ b LRSS b4 4 FAMEL A b LA PEALTVDEEXON D, AW Lo, ftRe
BlLi-2EZELTWS, PRDORIIK TN 5 D B BEHAKTUK B OF G134 70% % 5

7272 L. ABFZETIR. WAKEEE S RO BV T2 DHEFORTVEI NS, RERERETEDOKR ML
FEI R 5 DR E 2 e L7z, B R OB E S 5 AoV ThH, HEIREORYEEZ AT LML L
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FHED O CE T 2 PR EHERITOVT D, Yk E W, BEAERRZE ORGSR & b U7z, BEAESCIRY Tld, 1.2
PHET L Lo TWAH D, Mg EIC BT 2 i WTHRLZZ, WWR, CWD. CQI0D3FERDAZ b L
AR O AR R IS 2 WK TR RSB OREFA 2 42 U T v AT ZNIZOVT, REKROKA b L ADIEES
SUHEVED D 5o ORGP, UFMIMEDOKA ML ZAITH AR ENT WD, FSCHRICBUT 2 K5O KA M LA
LT, @RI Z ATV R RN H S 2 & 2L T BEOSMGKICE B L, 72 A, ALEBT7 79 A,

B WrbiER R, PH -7 VT BT VT BXOWE
EHERICB T, B FE IV KA DLV ABREL T
3.3 BEXHEDKZ FL ZDELB 5o ZOMEMIZ. AWFZEICH T BBBUKEHFEDKZ b L
AWFFETIE, Table 31K LR EEHRDOKZ b ZADMIMEIZIFEELTVWD, Som»bh. RIFEICE
L A OHERHE RO Z UMERET & LT, BIUKRICHET % FBRBIUKEHEDOKA b L 2D, HHREORY
KAPLZ (BLF, BMEUKEHROKZ MLV A) & @ik ZHLTWDLEEZORD,
L. CodERHE 2 BEAWIZE ORGSR & B L 720 RHUKH Table 5%, RIFFEIZH T 2 REUKHI KD KA b LR,
ROKA MV ATHZSA, 17 7 H (18EN) 2RV MEEVER RO KA P LA, B X OENAERERRDKA
APMVA, 47 E (198AN) 2SHOKA P LA, 89 7 FLRIZOWT, FADKA LV ADBER LB L 72K T
QTN PMEVKAFLAIZBLTVARERE 2572, Hb. MFEIZXBE, Barbados. Bulgaria. South Africa.
HTOENED SN D OO, REFFEDRIUKHI K DK 2 B L U Thailand® 4 7 ETlE. BIOKBEEOKA FL R L

MU A ORI, BEATIY 2BV TIRSATY S K BAREFEHEOKA P U ADBTKA L ZADBEICE
A PLADRR (BOARAPL A 1 4~260A. TLD LN TE 5T, EWNAEEHEDKA DL ZDORIZEAL
KAPLA 14~ 15N, VKA FL R 117 ~ 445 N) BROOENDE, Thbb, ThbH4 #»EHTIZ, KA ML Z

Table 5 Comparison of the degrees of blue water stress by three indicators in selected eight countries.

Degrees of | Degrees of Water Stress | Degrees of Water Stress
Country Name Water Stress {Agricultural Sector { Agricultural Sector
{All Sectors) including Export) excluding Export)
Austria Low High Moderate
Barbados High High Moderate
Bulgaria Moderate Moderate Low
Denmark Moderate High Moderate
South Africa Moderate Moderate Low
Switzerland Low Moderate Low
Thailand Moderate Moderate Low
Trinidad and Tobage |Low High Moderate

Note'! Three indicators are as follows: water stress index in All Sectors, Agricultural Sector
including or excluding Export. “All Sectors” consists of the apricultural, domestic and industrial
sector. “Agricultural Sector including Export™ is calculated by including exported irrigation water
requirement. “Agricultural SBector excluding Export™ is calculated by that without exported.
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Table 6 Evaluation of irrigation water requirement, available water resources (respectively, million m3/yr) and blue water stress in the

agricultural sector in selected eight countries.

30

Country Name Domestic WW | Export WW AWR WSI (including Export) | WSI {excluding Export)
Unit million m*/yr | million n*/yr | million m*/yr - -
Austria 381 403 1,715 0.46 022
Barbados 20 8 54 053 0.38
Bulgaria 351 334 2402 0.29 0.15
Denmark 320 1,036 1,509 0.90 021
South Africa 6,168 1,830 32,102 0.25 019
Switzerland 566 419 4272 0.23 013
Thailand 60,151 31,1056 396,382 0.23 0.15
Trinidad and Tobago 64 16 167 048 038

Notel WW, AWER and WSI are short for water withdrawal, available water resources and water stress index,
respectively. "Domestic WW™ and “Export WW™ are calculated as the Irrigation water requirement caused by domestic
food production and food exportation, respectively. “WSI including Export”™ 1s evaluated by dividing the sum of
Domestie WW and Exported WW by AWR. In the evaluation of “WSI excluding Export™, AWR and Exported WW are

used as the denominator and numerator of WSI, respectively.
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Figure 4 Exported region’s share of exported irrigation water requirement derived from eight exporting countries [percent].
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Figure 5 Exported item’s share of exported irrigation water requirement derived from eight exporting countries [percent].
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Figure 6 Exported region’s share of exported irrigation water requirement derived from three prominent exporting countries in terms of rice

exportation [percent].
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Synopsis: This study aims to evaluate the impact of international trade on global water supply-demand
balance, focusing on irrigation water requirements derived from food consumption. In this study, the water
supply-demand balance is estimated by using the water stress index. The concept of a water footprint is
applied to evaluate indirect water consumption caused by importing food, along with direct water consumption
derived from domestic food production. Irrigation efficiency is used to convert water consumption into water
withdrawal. The amount of available water resources is defined as a restriction on the maximum water
availability for agriculture, which does not mean all the renewable water resources used in the agricultural
sector. In 2010, 41 countries were found to be under high or moderate water stress, those are equivalent to
30% (1.9 billion) and 28% (1.8 billion) of the world population, respectively. In addition, water stress of the 8
countries in these 41 countries should be caused by food exportation. For example, in Thailand, water stress
should be caused by exporting rice, which is accounted for 86% (26.7 km?3) of its irrigation water withdrawal
originated from food production for export.

Keywords: International trade; water supply-demand balance; food demand; irrigation water; water stress

index
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