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A Study about Regional Water Footprint of Rice Production in Agriculture Industry
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Abstract : The water footprint of product and service is the total volume of freshwater consumed, directly and indirectly, in the
life cycle of a product and service. Up to date, water consumption data for industries and products were not well quantified and
developed. Especially it is important to construct for agriculture industry which consumes lots of water. In this study, by using
Cropwat 8.0 model, we tried to evaluate regionalized water consumption related with rice production in agriculture industry in eight
regions (Gangwon, Gyeongi, Gyeongbuk, Gyeongnam, Jeonnam, Jeonbuk, Chungnam, Chungbuk). As a result, Gyeongbuk region has
the lowest water consumption in rice production, which is 1,356.68 m’/ton, on the other hand, Jeonnam region has the highest water
consumption (1,669.54 m3/ton). By using the average indirect water consumption (1,487.87 m3/ton) of eight regions and direct water
consumption, the total water footprint for the rice amount of rice bowl size (130 g), which is 193.6 L was calculated. Based on this
research approach, we should develop water footprint database of all agriculture products and expand to other industrial sectors.
Key Words : Water Footprint, Rice Product, Direct Water Consumption, Indirect Water Consumption, Cropwat 8.0
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Table 1. Time, spatial concept in water footprint calculation®

Spatial explication Temporal explication

Source of required data on water use

Typical use of the accounts

Available literature and databases on typical
water consumption and pollution by pro-

Level A Global average Annual
duct or process
Level B National, regional or Annual or monthl
catchmentspecific y catchment specific data
Levelc  Smallcatehment i or daily

or field specific

As above, but use of nationally, regionally or

Empirical data or (if not directly measurable)
best estimates on water consumption and pol-
lution, specified by location and over the year

Awareness-raising; rough identification of com-
ponents contributing most to the overall water
footprint; development of global projections of
water consumption

Rough identification of spatial spreading and
variability; knowledge base for hotspot identifi-
cation and water allocation decisions

Knowledge base for carrying out a water foot-
print sustainability assessment; formulation of
a strategy to reduce water footprints and asso-
ciated local impacts

Water footprint of a consumer or producer

Direct water use Indirect water use
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g ARE dEsFe cropitE, T AES Avisks &
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Table 2. Cropwat 8,0 model’s item

[tem Data used
Climate/ East longitute, north latitude, altitude, lowest temperature,

CTo highest temperature, relative humidity, average wind velo-
city, the duration of sunshine in related region

Rain annual, monthly, daily rainfall and efficiency of precipitation
in related region

Cro Crop Information (Cultivation date, coefficient, depth of so-

b wing, coefficient of production)

Soil information related with crop (Possible quantity of con-

Soil  tainable moisture, possible quantity of containable daily

maximum rainfall, maximum sowing depth, permeability)

CHEHEE S ES|R| | 353 A 11%[ 20134 118

, 829



830 ,

. Kor. Soc. Environ. Eng.

J
Uz - Y B - Mg

Table 3. Production area (ha), production volume (ton) and cor-
responding ratio(%) in the eight regions

Production Production

Table 4. Climate/ETo data of Cheonan and Yeongi area

Min Max ) ) Rad, ETo,

Humi-  Wind, Sun )
Month  Temp, Temp, ' * MJ/m7/ mm/
© . dity,% km/day hours day day

area (ha) % volume (ton) %
Chungnam 160,952 1753 914,388 18.67
Jeonnam 183,359 19.97 902,089 18.41
Jeonbuk 138,445 15.08 797,338 16.28
Gyeongbuk 122,441 13.34 679,872 13.88
Gyeongi 98,034 10.78 501,849 10.24
Gyeongnam 89,181 9.71 464,661 9.49
Chungbuk 48,257 526 253,910 518
Gangwon 40,420 4.40 209,299 427
Total 881,089 96.07 4,723,406 96.42
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January -87 34 68 156 55 93 087
February -26 76 69 173 4 98 128
March 0 122 60 233 66 154 233
April 46 19 58 190 7.1 186 33
May 121 25 62 181 78 211 427
June 16.9 28 67 173 75 212 462
July 20 287 78 173 42 162 3,71
August 205 298 76 164 6 176 407
September 151 265 76 130 65 161 333
October 81 221 71 156 7.3 14 267
November 22 116 69 181 39 82 155
December -52 39 71 173 4 73 092
Average 6.9 18.1 69 174 59 146 274
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Table 5. Cheonan and Yeongi area’s rain data

Month Rain Effective rain
mm mm
January 133 13
February 16 156
March 516 473
April 306 291
May 1126 923
June 556 50.7
July 3358 158.6
August 2123 1402
September 308 293
October 61.1 55.1
November 39.7 372
December 405 379
Total 9999 706.2
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2224 A5 & Q1FHCWR: Crop water requirement)
A 2714 Y83 Climate/ETo, Rain, Crop, Soil2] H]9]

E|E ¢J2l5lH CWR (crop water requirements) 217} =&
Fr} —"5— AE S Table 6] YERH T
2% CWRES vlg o2 green 3}} blue e =&3

o Qlch Eﬁlﬂ ETblue 7t} ETgreen 34 o]-&3}o] Z}zho
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ol A (DI (2) = AHA o|Fod 4= Atk

lgp
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Table 6. Cheonan and Yeongi area’s CWR data
Ke ETc ETc Eff rain Irr. Req. ET green ET blue
Month Decade Stage
coeff mm/day mm/dec mm/dec mm/dec mm/dec mm/dec
Apr 3 Nurs 12 0.43 04 14 04 14 04
May 1 Nurs/LPr 119 0.85 85 27 90.5 27 90.5
May 2 Nurs/LPr 1.06 455 455 357 98 357 98
May 3 Init 1.07 47 517 294 1122 294 1122
Jun 1 Init 11 5,03 50.3 16.8 335 16.8 335
Jun 2 Deve 11 519 519 98 42 1 98 421
Jun 3 Deve 112 489 489 24 1 247 24 1 247
Jul 1 Deve 114 448 448 449 0 448 0
Jul 2 Mid 115 417 M7 589 0 M7 0
Jul 3 Mid 116 437 48 548 0 48 0
Aug 1 Mid 1.16 466 466 517 0 46.6 0
Aug 2 Mid 1.16 484 48 4 511 0 48.4 0
Aug 3 Late 116 45 495 373 122 373 122
Sep 1 Late 112 3.99 399 178 221 178 221
Sep 2 Late 1.07 3.56 356 33 323 33 323
Sep 3 Late 1.03 3.21 192 5 151 5 15.1
Total 630.8 469 3949 437 1 3949

* Dec : 10 days (Decade), Nurs : Nursery, LPr : Landprep, Init : Initial stage, Deve : Development stage, Mid : Middle stage, Late : Final stage
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Table 7. CWUgeen and CWUpe data in Cheonan and Yeongi

area
CWUgreen (M*/ha) CWUpe (M*/ha) Y* (ton/ha)
4,371 3,949 5.46

*Y: Total production / cultivation area

Table 8. Results of water footprint (WF) calculation in Cheonan
and Yeongi area

WFproc, green (ms/ton) WFproc, biue (ms/ton) WFproc, tot (ms/ton)

800.91 723,59 1,624 50
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Table 9. Results of 8 area’s water footprint calculation

WFproc, green WFproc, biue WFpro, tot

(m°/ton) (m®/ton) (m®/ton)

Chungnam 763.95 647 .68 1,411.62
Jeonnam 981,16 688.38 1,669.54
Jeonbuk 832,55 565,95 1,398.49
Gyeongbuk 689,99 666.69 1,356.68
Gyeongi 818.23 57311 1,391.34
Gyeongnam 904 46 670.69 1,575.15
Chungbuk 944 97 595 42 1,540.39
Gangwon 885,12 674 64 1,559.76
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Fig. 2. Comparison of the water footprint results, rainfall and effective rain data in eight regions

Table 10. The result of research area’s water footprint calculation
WFproc, blue (mB/ton) WFproc, tot (mB/ton)
635,32 1,487 87

WFproc, green (mB/tOH)
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