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Estimation of the Virtual Water Consumption for Food Consumption and Calorie Supply

=1% = *% =] KRR,
OlAME" - Z|ZIB™ - R&&T

Lee, Sang-Hyun - Choi, Jin-Yong - Yoo, Seung-Hwan

Abstract

The agricultural water management generally has focused on water resources for crop production but it could be affected by the food consumption
pattern. The aim of this study is to estimate virtual water consumption for food consumption and calorie supply using the water footprint and virtual
water concept. In addition, we estimated the virtual water requirements for increasing the food and calorie self-sufficiency adjusted by the government
for food security. About 330.0 m’/cap/yr of virtual water was consumed for the main foods consumption in 1985, and it was increased to 450.0
ms/cap/yr in 2010. The rate of virtual water consumption by meats consumption was 28 % in 1985 but it was increased to 54 % in 2010. In other words,
the total virtual water consumption by foods consumption was increased from 1985 to 2010 with the high rate of meats consumption. The average 1.29
m’ of virtual water was consumed for supplying 1 calorie per capita in 2010 but about 10.1 m*/cal of virtual water was consumed by only bovine meats
consumption. The food self-sufficiency is the main factor for food security in Korea. About 46.5 Mm® and 393.9 Mm’® of virtual water were required
in order to increase the food and calorie self-sufficiency of wheat by 1 % individually. This study showed the water consumption was related to food
consumption and calorie supply pattern, and these results could be used as the indices for the agricultural water management considering the change

of eating habit and food security.
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vjohs 702 Uehghom SR4m]eke 19854 712 2010
o= oF 21 o)A} Z7}8t 119.3 g/cap/day O = LFERITH
(KREL 2013). 7121} 20104 7|2 ©-2]i}ele] ZEAgE
(A& 23H-2 27.6 %ol 33 A7 o]t} (MIFAFF, 2010).
i S, o B S Rt e, 1] 9 AL
719} e FAE 5 TR SRS 295k ot
(Yoo et al., 2009).

TeluE A} B ok s SA0] 2XA17] dsiHE
7 Hoko] Q7 oble} Akt 421918 QAL 4= 9)
= A3 Y A28 9] ZfEko] H g Slt. o]of w} USDA (U.S.
Department of Agriculture)+= 7] 3lo]| 23t &, EX|, o
V7)0) o B} 9 kA 1A Qg 2ol e ol o)
T} (USDA, 2014). Zje] -9 7|50} AJ2f Ak 5] 22}
A2 A7t} 7SSl w2 5 gl sofe] Zop e BATH
b} Q1T (ME, 2014). 5 A3 A o] 4] Alkehe g 915k 4]
FAFES 24& Lk Jlon, Ak B Aol A
= 7| stell e 4419 o] § 7R o] wiake B4}
o] A7 1S AI S -8k QIoH(KREL 2012; MCT,
2000).
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sleo] Al oA ARa HEe FHoR 4gE)
thitol Ao AH|S FHOE 4149 AnjeEe EASH

71 B R35ft) ojn| Ze]of| A= Hoekstra and Chapagain
(2007)°] 1997 A5E] 2001 A7HA] HAA S A== 2§
sho] A1 Au|afg o] w2 & ARSRRS E415H HE 9L, Liu
and Savenije (2008)-2 F=19] A5 4xH| ol o] FS}of| w2
& 4o MskE B lE-E A-8ske] APy vt ol
o}, ZLeju ol A= A ARl ot AN A AR A
T AR Aot
719 U8 Wele = AR 24E
U7 wiZoll 28] 7|RES] E ARERF e Al AT E A F ol
£ & AN S welslr| o= Y5 Aol Qick ESE
U FUTAL AR FAIE A8 flsiAe Al
4x8] ¥3} o] iz HH ] HA o= Ao F7to] ThE 9
7t o= sAlol e Bashy] ujiol A% AvjaiES
B FDTAE AN S A gk LYy TP
= =AY dS A8 A ALY aHPE A
of| Al Al AxH] W A2 2] 3, AFARTE S WStol| b 7t
& aH|Ee] §sE A o] 7hgsit) Mg W B A
MEE = AN 7HE S 2 A s54hE, 7HA1E 5= Al=s)
7] fI5te] ag e AHlEE E ANEES ov|sh
= &, S dEsks 84ARA FAET) oAl YUt
(Hoekstra et al, 2011). &3], A12d Edx}=te Al3Zo] AAL
=t AN =0 T Qulsh] diiell S Al A
F 2ol 288 A9 AEE An|sh] fl8 AR £
ZoFS APAJEE 4= 9t} (Hoekstra and Chapagain, 2006;
Hoekstra et al, 2011). o|uw] AREE E-2 AA| AH]F A o] of
et A ks el (A o2 Al B on|slr| of
woll 7Hd=retal 2tk (Allan, 1996). iU A= A 2
= A EH Yoo et al. (2014a)= -2} =1 2] 842t
2 AHA51 AL, Yoo etal. (2014b) 2 A EHRHE 7|ES
2 447] RS 5 (D, 4, 1, S5 7Ieh, AR (A
A, 55 (5 B, 718D, SAF R, 716, Qe
TARE ko] BUAS AgEr vt 9L, Lee et al
(20152 59, K12, 70l tfafo] Bk g Abgatul o)
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Table 1 Water footprint in Korea (Yoo et al,, 2014a; 2014b; Lee

et al,, 2015)
Foods Wat(enzaf/(:grt‘;;rint
Rice 994.8
Wheat 1,060.2
Cereals Barley 795.9
Maize 1,039.7
Others 2,3259
Starch roots Potato 1358
Sweet potato 370.0
Soybeans 3346.7
Pulses Red beans 3,166.9
Others 2,655.2
Vegetables 136.8
Fruits 4311
Bovine 17,0231
Meat Pig 42358
Poultry 24277

N

S ARA|ERH 12 YA A 7P Ao A o] g0
PR R A T AR, 1A S5 24E
L, 1985 5E] 2010 7F2| 9] A% 3 Zhz 2] 2xH]ale o]
Sto| wh2 7= Asu] ko) sk #4)6karA) skt w3t
P 7] Fagt a4 AgAFE 24S $siM 2
St 7P 208 EES E8ate] 4SSt

ok 01
m

> rE

fo

AESFE (KREL 2013)9] 1215 19 215 Au]af 25
of Tl 19851 25, 85 9 A4 5o o8 oF 191
1359.3 g0] AES Avwlshs 20 2 etk A%
2005717 2|42 .0 2 27150 ) 1726.7 g &
A0 8 UERLon] 2010dolis A2 7Hasto] 017003 g9
A)o] 28|Ehs A0 & LrERTh (Table 2).
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Table 2 Total foods consumption per capita from 1985 to 2010 (g/cap/day)

Foods 1985 1990 1995 2000 2005 2010
Cereals 507.9 480.7 4741 4571 4124 397.5
Meat 447 64.6 89.5 102.8 100.3 119.3
Main Pulses 294 28.1 30.3 294 31.3 285
foods Starchy roots 325 30.2 30.1 322 46.6 37.9
Vegetables 270.1 363.3 439.9 4546 398.7 362.1
Fruit 72.8 79.3 1071 M4 122.6 121.0
Alcoholic beverages 169.4 187.1 188.8 175.3 191.6 204.0
Eggs 171 21.6 235 235 249 271
Fishes & shellfishes 84.0 83.6 914 84.1 109.4 100.1
Milk 52.5 87.1 105.6 135.0 147.9 156.1
Qil crops 1.2 1.8 35 1.9 1.9 1.9
Qils and fats 25.3 39.1 38.9 436 51.3 38.0
Seaweeds 17.9 18.5 321 16.6 26.3 40.2
Sweeteners 32.0 420 487 48.9 58.1 62.3
Tree nuts 21 1.3 46 41 35 41
Total 1,358,8 1,525.4 1,708.0 1,720.5 1,726.7 1,700.3
Table 3 Main foods consumption per capita from 1985 to 2010 (g/cap/day)
Foods 1985 1990 1995 2000 2005 2010
Rice 350.8 330.9 303.0 268.1 2281 2232
Wheat 87.6 814 93.4 99.0 86.7 91.3
Cereals Maize 455 61.1 66.9 79.0 86.6 723
Barely 23.1 6.7 5.3 5.0 3.2 3.7
Others 0.9 0.7 5.6 6.1 78 7.1
Bovine 8.0 1.3 18.2 228 17.4 231
Meat Pig 23.0 323 39.0 43.6 46.3 50.6
Poultry 84 1.0 1.6 13.5 15.9 22.6
Soybeans 253 227 247 23.3 251 23.1
Pulses Red beans 2.8 27 2.2 2.0 1.9 17
Others 1.2 2.7 34 41 4.4 3.7
Starchy potatoes 17.3 175 19.9 19,7 34.1 244
roots Sweet potatoes 15,1 12,7 10.2 12.6 12.5 13.5
Vegetables 2701 363.3 4399 4546 398.7 362.1
Fruit 72.8 79.3 1071 M4 122.6 121.0

1915 AH)ER2- 19851 507.9 g/cap/dayoll4] 2010 397.5
g/cap/day © & 2F 100 g/cap/day oA} 743t A O 2 LENT
o}, 53] 4 4|50 a7t 7P R A A| ekt 1985
d tfju] 2010 A& AH|=FR2 9F 130 g/cap/day 7F4x$F223.2

g/cap/day O 2 LFEPAL, HPH Lo 4|k

o

L

20104 91.3

g/cap/day © 2 A3 Z71SI9IT 1985 Aol = 1919 & =7

FANFFEA

H]5Fo] 2869 % 3 12010 T olli= 56 %

B2 ASH= AL Folgt =9l
1985 7|2 2010 0fli= ok 21} o] A} Z7}81119.3 g/cap/day
o2 Ueylt}. Arfele] 4

L askT §570) Al Z7keke 22 Belgh 4 9ok 5
5, SE0] 2u]2Fo] Z7lsHe AL SIS 4= 9T} 19859
ou] 2010\ §20] 2ueke2u) o4 Z713+50.6 gleap/day
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Table 4 Calorie supply per capita by total foods consumption from 1985 to 2010 (kcal/cap/day)

Foods 1985 1990 1995 2000 2005 2010

Cereals 1,798.0 1,697.2 1,660.3 1,665.1 1,497.8 1,447.2

Meat 987 143.4 189.0 201.5 200.2 235.4
Main Pulses 1151 112.3 117.0 115.6 121.2 110.8
foods Starchy roots 295 272 29.0 29,1 385 334

Vegetables 86.5 116.4 127.2 126.0 115.7 104.8

Fruit 31.8 34.2 531 53.6 57.8 581
Alcoholic beverages - - 132.6 129.0 148.0 158.4
Eggs 28.3 357 37.2 37.2 343 374
Fishes & shellfishes 92.3 915 990.4 87.0 1131 1011
Milk 39.7 64.3 74.4 92.1 99.1 101.9
Qil crops 6.6 93 18.6 10.0 92 9.1
Qils and fats 227 1 351.9 346.2 3911 4595 3429
Seaweeds 52 45 94 48 3.4 51
Sweeteners 123.6 162.3 188.3 188.4 223.9 238.8
Tree nuts 3.6 2.4 9.9 8.8 9.0 141
Total 2,686.3 2,8526 3,0015 3,139.2 3,130.6 2,9985

Table 5 Calorie supply per capita by main foods consumption from 1985 to 2010 (kcal/cap/day)

Foods 1985 1990 1995 2000 2005 2010

Rice 1,245.3 1,174.5 1,054.4 997.3 848.4 830.2

Wheat 306.6 284.9 342.9 363.5 318.3 335.3

Cereals Maize 158.9 213.2 2253 266.1 2919 2435

Barely 845 22.4 18.2 171 1.2 12.6

Others 2.7 2.1 19.5 21.2 28.0 255

Bovine 10.5 14,8 30.4 38.1 29.2 38.8

Meat Pig 65.2 91.3 957 104.3 110.8 1211

Poultry 11 145 26.0 239 281 40.0

Soybeans 102.4 917 96.6 90.1 97.2 89.6

Pulses Red beans 8.8 85 75 7.0 6.4 57

Others 39 12.2 12.9 18.6 17.5 15.6

Starchy Potatoes 14.2 14.4 15.9 13.0 225 16.1

roots Sweet potatoes 15.3 12.8 13.1 16.1 16.0 17.3

Vegetables 86.5 116.4 127.2 126.0 115.7 104.8

Fruit 31.8 342 53.1 53.6 57.8 581

O] &H[F I 1= She A SIS 4 ok AfaFe 2. 191g AME AHlof ME Z2E2| S5 HS
73920001 0| ©F 454.6 g/cap/day7}HA] AH|EFo| Z7181% e

F=T 3 (KREL 2013) 0] w2 1 1Y & Zh=2a] 33
o 4H 7o % N o
1420101 00=362.1 gleap/day = £MISh= AOR UEEL opo 1085199 686.8 kealol 4] 20109 2,998.5 keal 2 ©F300
t}. THARO] A2 19851 72.8 g/cap/day ol 4] FLE35] 27}

keal o4} S71eE A 0 2 LERFIL, 9F50 %S 5ol 234
5 Joll= » 7o
;}i 20109 121.0 gleap/day714] 718k Ao= v 5o —t 7i = UFERuT (Table 4).
S} Z=Q A1Z 0 1Rl A2 g TEERS Al HH Table 5
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0 4129 dn|eko] w2 7M}4s 4H] 2 Table 6 o] Ut

RS 1985 H ol TUFE O R Ao Ao o]t
THA}4 AB|EFo] 127.4 m/yr o2 71 A4 VRt 2010

2 7P 3A Uelsth SRl Ao g 7 4
H]2Fo] 37| 2| 127.4 m’/yro| 4] 2010 81.0 m’/yr7}A] 7+
£BHAT, Wit 420] 2ulof O 7pAR: AL 3]
o} v sto] A% Z71eE Al 0 & Yelyith 8579 -89,
20| axu|o] O3t 7H axnlRFo] S| STk A
slolgh 4= Qlrk = E & = 1985 thH] 2010 ofl = oF 21
oafe] 7MA: Au|aFe] 712 HojZr), B3, SE0] 79
1985 ARE] 2010W7HA] 2|21 7MY AHlRke] S7H5
chehlolch F570) B9 $7E Aot ¢l 8 71
T B S Hole AERA 22 o] HlofE g oF
o) 7Md= AME= HojEth FRAHE-2 1985 R E 2010
7HA] 2 20|17} glis 7Hd AulERg HojFal 9lom Byt
A0 2 oF35.9 m'/yre] 7Pt F5 AxHlof oA ALgE)
= 202 e A aF7e] 49 au]of Qg Mg 4]
o] 1995E 29} 2000 =717 275tz 2010 o=
AE 7Pasto] OF 18.1 m'yro] 7h4d4 Avjakg Hojal 9)
o}, FpalE o] A0 1985 ojli= 11.5 mY/yre] 7Mak: &)
o] AMYEIQAL, N&H oz Frste] 2010 E = oF

19.0m'lyr] 7Ha4e A1 2ol o8] ALgl S0 et
ek

AE Anjepe] MBtERE AT R 9 B 27} 25 of
T2 210 2 el oLt B A gste] /g
N 0E AT A9 K5 27k 7R e Al
aFo] 4= A S WAIA 2 202 TekEIch E5 A1E A
e B4 ARg T A A2 TAE 9] wh el 1 17
e Al B QS FAlo] M 4 ol AR AR

A 2]ej7} 9.

500.0
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Fig. 1 Virtual water consumption by main food consumption from

1985 to 2010
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Table 6 Virtual water consumption by each food consumption from 1985 to 2010

Foods Virtual water consumption by food consumption (m*/cap/yr)
1985 1990 1995 2000 2005 2010
Rice 127.4 120.2 110.0 97.3 82.8 81.0
Wheat 33.9 31,5 36.1 38.3 33.6 35.3
Cereals Barely 6.7 19 1.5 15 0.9 1.1
Maize 17.3 23.2 25.4 30.0 329 274
Others 0.8 0.6 48 52 6.6 6.0
Bovine 497 70.2 1131 1417 108.1 1435
Meat Pig 35.6 499 60.3 67.4 7.6 78.2
Poultry 74 9.7 10.3 12.0 141 20.0
Soy beans 30.9 277 30.2 285 30.7 28.2
Pulses Red beans 3.2 3.1 25 2.3 2.2 2.0
Others 0.8 0.6 48 52 6.6 6.0
potatoes 0.9 0.9 1.0 1.0 17 1.2
Starchy roots
Sweet potatoes 2.0 17 14 17 17 1.8
Vegetables 13.5 18.1 22.0 227 19.9 18.1
Fruits 1.5 12.5 16.9 17,5 19.3 19.0
Total 3415 371.9 440,2 4722 432.6 469.1

3. 222 ZTY W0l M2 TH4 A HE 2A

tjo]olE 9l Al5ano] wsle) whet AR 2] FHS 1k A%E
Znjafe JA] WzlelA| Eck. &, 3 oy @A) S 2= 5
Feko] wish ol e} St AR el s TE6lr] 9l 4H]E
= A5 ST | mEt AR e 35S AR M A
v|ef oA Ha}sA) ek oo uheh i eltofl A= 1915 2]
Aok w2 1 AR Fgeat S8R A8sto] A5
12228 35S Y8l AvlEhs 7 AvRRS APgskaich

TR AE (FF S5 LT Y 1R LR 355
S I3k 7MAFg Aol AP A TS Fig, 29} 7t 19859 5=
[ A% Av)of et 1 4R e E 3581 el AR E= B
THAkEs An]ERe oF 1,25 m'/cal 2 UFERG T, 2010 o= A
Z 2443 1.29 m/cal 2 Lrepste. Z2 2] 7]5ke]7] wjio]
A7 & 2fol & Ho| A= ANt A5 Zpol= ZdsHA
UERGTH(Table 7). 572] 73-9- 115 A15% AH|ekS et
741 Z=eE 3387 YeiAE 2F0.35 m* 2] 77t
AREEl= A0 R YERIT HhHe) S-579] 749 S-9-2] 4]
ofl oJ3t Zza] ol w2 7MAd4 AHlEo] 10.1 m¥cal 2
7P = dEFHT &, 1919 A1 Av[HRE 7|02 &Y
AR E FF5H] Y6l SRV SRR o w2 ke
7 ARES B R B Btk AS G 4 ok A a7 -
2010 Zr2 2] 2gek o 7FAk 28]k 0.47 m’/cal & U
Ehgtar, FHAF] 79-0.90 mYcal 2 Urebsih

E
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Table 7 Virtual water consumption for calorie supply of each food from 1985 to 2010

Foods Virtual water consumption for calorie supply (m*/cal/cap)
1985 1990 1995 2000 2005 2010
Rice 0.28 0.28 0.29 0.27 0.27 0.27
Wheat 0.30 0.30 0.29 0.29 0.29 0.29
Cereals Barely 0.22 0.24 0.23 0.23 0.23 0.23
Maize 0.30 0.30 0.31 0.31 0.31 0.31
Others 0.78 0.78 0.67 0.67 0.65 0.65
Bovine 12.97 13.00 10.19 10.19 1014 10.13
Meat Pig 1.49 1.50 1.73 1.77 1.77 1.77
Poultry 1.84 1.84 1.08 1.37 1.37 1.37
Soy beans 0.83 0.83 0.86 0.87 0.86 0.86
Pulses Red beans 1.01 1.01 0.93 0.90 0.94 0.94
Others 0.78 0.78 0.67 0.67 0.65 0.65
Starchy potatoes 0.17 017 017 0.21 0.21 0.21
roots Sweet potatoes 0.37 0.37 0.29 0.29 0.29 0.29
Vegetables 0.43 0.43 0.47 0.49 0.47 0.47
Fruits 0.99 1.00 0.87 0.90 0.91 0.90
Average 1.52 1.52 1.27 1.30 1.29 1.29
AgE, TAE TEAEE 22 (Fe @) AEE YL o FEuete] AlFATES] W3t 50| Table 83t Ut}
N 2135 5] 2t} (KREI and MIFAFF, 2010). 2+ A& (KREI, 2013). -2|ue} AX] EAFEL 19901 9] 43.8
4heE e ehE a2 %0141 2010 28.1 %= HAsHat °F0.8 %X 2| &2 0. = 5l2t
SIRAL o5 8 SR A, A AEES 19904
— =P E (FFE A = sRE A FEE A ]2 20101 d7HA] 90 % o1fe] =& AaE= frAIskITh
H|=F < 100 2010\ 7] 4k 0] £] 9] 9 =0 AFES H (24.3 %),
—FAE TEAEE TS (A Y He) A A (0.9 %), £ (0.9 %) =22 W2 AFES UERSL
H]gF > 100 CF. RHH A A0 A= ] AFE-2 199013 2 62.6 %011 A4
- SEAheE (AR 23D = = (B, U, AR T S 2010907 54.8 %= sttglom, A 2= S5 Sl
) YA/ === 4] > 100 FEan] 22 HFE 1990192 62.6 %ollA 201019
— AR (D) AFE= Ut S E R/ =AESaE 49.3 %= HAF ROl AL Qi o= = 0] €] 9] A5l S
22]x 100 Fo] 40|37} 457k FE 40 Z7hctwa7) tol,
20104 7] $-2]Uete] BEATEL OECD 715 %
EFAEES A Y Al sl s EE T =l A of w9 WS o', FRoM = AFAEES S 9
qbo] Aoz vl UEl= AR2H, SFAEES iR o2 2011 o] QPP A Q1 A=k Ak f1RE 7] A
FE AR vteol| fEfsAl FEE 549 Aolz B3 W3S Ao] It} (KREI and MIFAFF, 2010). A}&A}
I8l Al AA AT E A WHshe AEEAe B8 vE= =017 fleiA = sk AT 7L o Fol Aof st
of=3A7E k. WhH A2 2] AgEL 2 Aol a2 <, ol= 598 Sk Z etk S|ttt wet
2 70 R 715 Hatste] Bede AR oA Al 2 A A=2010 7m0 = 0 F5E AP S
Ui AR SgEe Hse UBtlle Ax=2X, = A Az AFES S7H717] flste] Bagt 7
AgEo] TS Hekshes FAlol A8E jiskE whgstha, 295 T4tk
AR AES i Eshs T AEE Aol 7hssith= oA Table 9+=20104 7| 58 Al g & R 4= A
o] )t} (Lee et al., 2001; KREI and MIFAFF, 2010). EE21 %S =777 oA 3t 7 A ERS L e}
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Table 8 Trends in food self—sufficiency rates for the years 1990— 2010
Year 1990 1995 2000 2005 2010
Grains” SSR? (%) 438 30.0 30.8 29.4 28.1
— Rice SSR (%) 108.3 91.1 102.9 96.0 104.5
— Barley SSR (%) 96.1 67.0 46.9 56.4 243
— Wheat SSR (%) 0.1 0.3 0.1 0.2 0.9
— Maize SSR (%) 1.9 1.1 0.9 0.9 0.9
— Pulses SSR (%) 245 14.9 8.2 10.7 1.0
Caloric SSR (%) of all food items 62.6 50.6 50.6 454 493
% grains of total energy 63.4 60.1 59.2 543 548
" Grains: wheat, rice, barely, other cereals, soybeans, red beans, and other pulses,
2 SSR: food self—sufficiency rate
Table 9 Virtual water requirements for increasing the food and calorie self—sufficiency rates in 2010
Foods Foods Consumption SsR” VWRood” Calorie supz))ly VWRc”
(1000 ton) (%) (1000 m’) (% of total”) (Mm?®)
Wheat 4,386.0 0.9 46,500.4 1.8 393.9
Rice 4,703.0 104.5 46,785.4 20,2 160.0
Cereals Barley 333.0 243 2,650.3 0.4 596.5
Maize 8,635.0 0.9 89,7781 8.6 1,047 1
Others 204.0 54 47448 0.9 528.5
Starchy Potatoes 629.1 97.6 854.3 0.6 150.4
roots Sweet potatoes 350.7 100.0 1,297.6 0.6 213.6
Soybeans 1,381.0 10.1 46,217.9 32 1,465.6
Pulses Red beans 31.0 19.4 9817 0.2 490.0
Others 75.3 255 1,999.4 0.5 365.2
Vegetables 9,494 6 90.7 1,777.4 3.7 319.3
Fruits 3,072.7 81.0 10,730.5 2.0 524.4
Bovine 431.3 432 73,420.6 1.4 5,381.1
Meats Pig 9401 81.0 39,820.8 43 934.0
Poultry 522.3 83.4 12,679.9 1.4 899.4

" SSR: food self—sufficiency rate

2 VWRioog- Virtual water requirements for increasing food self—sufficiency rate by 1 %
3 VWR.: virtual water requirements for increasing caloric self—sufficiency rate by 1 % in all items

4 Total calorie supply in all items: 2,840.1 kcal/cap/day

Wk Wo] AL A3 | %S 22]7] 9siA= AH|F
o] 1 %<1 43,860 ton ] =il AYqto] B asiet. upebs Y
43,860 ton-& 37} A5} 13141 46.5 Mm’ 0] 71437}
F7H o R 2 EE A0 et U Ao o
B A AL EE | %S F7HA7]7] Y5t 7 ek
S APl R, B2 46.8 Mm’, E2]=2.7 Mm’, &4
89.8 Mm’, 7|EF74= 4.7 My, ZHAko} 170k 242t 8.5
Mm’® @ 1.3 Mm’ 2] 741227} D Qs Ao = el et
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S50 A, 2227], A7), §AT| o AFES 1 % STt
A717] $)aA] 22 73.4 Mm’, 39.8 Mm’, 12.7 Mm’ ] 7}4¢
F7F 70 R A Els 2 08 A E|QIT) (Table 9).

9 ANE ZEe 7% AR EY AAske] TR 2}
TE S/ YR M 88 APgskelek 20104 715

O 7 HA| AFo L2 AFE249.3%0]1, 111U &=

A8 oA (A 4= 5 2,840.1 keal o[t} 4]

A
=]

o

AU A Foll A L2-29.2 %, L2 11.8 %, S5+=8.6 %,



P5=3.2%, 27| F171 =14 %, HA117]=4.3 %2]
v 52 2[R stch wheba] W A Sdvte 2 AR e 2GS
S 1% Z7H717] $laliA= E AR EES 8.5 % S7H
Z F a7} Qlrt. o]fgh A gol| F7HE L8 E = 7= oF
393.9 Mm’ & & AP4E|Qlth (Table 9). U5 HFA 0 & Tl
FEEQ A2 AFE VHE HE FH R A EE
TS AR EE, AL 160.0 Mm®, <55 1,047.1
Mm’, S5 1,465.6 Mm®, |47 319.2 Mm’, #HAlE =
524.3 Mm’, 2]317]=5,381.1 Mm’, A 117]=934.0 Mm’,
th117]=899.4 Mm’ 2] 74127} A Q Bl A o 2 eyt
A FEE ol dddos A2 gk vehd #5241, &,
Ao W AT, BT 3470 -9, AFEC]90 %E
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A7gsiotd, AgEo] A o g w2 Uyt 3R A
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KREI and MIFAFF (2010)-2 20201 7]&0 2 ZF2 2]z}
FE 50 %E 25N Yt o s FEH BR AFES
AN SHG=], AATTH B & 98.2 %, K] 26.8 %, U
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O 2 UERTE 7 e S B3 A A ob 21 4]

S IAFHITUHS FF A L 2H HAFAEE S

59 JUE TIF FAY B Y A | ZAREA B
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