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1.1 #HREXER

TF U T AE 35 1 i [X 22 38 B ARy /N, A7 T
109°13'46"~109°16'03E, 36°42'42" ~36°46'28"N, J&H F}
Bt 22 FE /K L AR RIS K AR R 5 AE SR E K7L S
RIS 7Rt AR A TS U X K1) Pt - v
A T 2T A P (X, RIS, 27 km?, R
BN AR, SFIBWLRT LW B3N FL SRR . 19994F (GR
HEEMRBE B S 2 /D) w106, 5230, AH
BRENRE T S 63, 24 N5 20044F GRS MR FLE R 58
Wiz J5) WEIEE111)7, 5140, NS RE )52
H62.15 N o JLIRN KB4y 3 7 B - RET B T AR
B3 4R+ — gt AESIRN8.8C, THRELS,
TEAEI157~194 d, PR 0 542.5 mm, {H3AnA
%1, 7. 8.9 =ANHEEWETERENEN61.1%, HZ 2%
Mo M20TH 70, A XA K LR R LG
TR LIRS
1.2 BESNTE

D) W ARG ML RN AT RS IL TR
h T R X 4R V8 ML R, AU GO X AR A
DAV R REALIRFAE -

2) BORMAE R I @ L BRI AT RS A AR
TIH19994FEMI20044FE e tHFE AR Bk}, B FHE A %X [
SRHLBE Ak os PR R J 56 & U7 I i B Rt ookt AT it
FIX AN AT LT RGISAT I E BN FIRE L, oL
BRI R LR 15

3) BEAE TR g R R (B3R bk RIS da ]
Odumf{IAEM IS, 4543+ B X AR A it R b AE 2
LUF RGN R, VR I AT X RE R A
TRERETFNM IO EERERW . WK, S5, B
REME TR . BEEITH RERUK P RS e o8 WL 5%
#ik[13,19].

4) RGP RFLL R JETEM FISRNE 8. 45 Bt
B (R LA IR SORE 2R 8 (17840 155 U R AT RSP A T VR4
1.3 BEEDHHEXIERR

D) RGEAFBLL: HRAT = R G AR D) e R
Gi 5y B 5 R o (0 B 2 b R v
W

C=3(Em,;/Em,)’
L Emy——iNFREM I REE, =1, 2, 3, 4
Em, RE R H B

2) REFE IR R RGP R E D,

FHE AR
S=Y[(Em;/Em)In(Em,/Em,)]

3) NH7&#. )1 (population carrying capacity) : AL
T HETAEIEARAE T R G 1 D B e P05 R 4 1
REALTRI N 2.

4) BEEHBEENE (emergy investment ratio) : NN
LT RGN THIBhREE S SR EERE(E 1 LA

5) FHEMES % (net emergy yield ratio) : AL
7 B BE AN PITNS N IR AR ™ H o

6) A FE (environmental loading radio) : A&
GATEHReERARELRESHRERERALDEL
ko

7) RefEA R R BB 2% B (emergy density) : 4
SAEATH E S E R .

8) ANHEMEH = (emergy per capita) : 45— &
GERREHESZRAEN RN D Z L.

9) RG] FFL K ETEEL (emergy based sustainability
index) : MR R IR FAR IS, %
A% Brown M T.FIE KF| A& % K Ulgiati. S.7E
1998 A48 10 H LA VE O 28 48 nl 4 832 e P g 1 25 5 1
P FE AP
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JERFENY . JRBHE AR BOR S 2 )5, BRI B
TR, (R AL 2R 5 BN AL IR B A 55 3 A i 434 o
2.07E+16 sej, P A B AL A 453+ 3 i 5 A R 2,
WAFF LTRSS, A RS A S 1A HL
JE () S it e R SR AT HUIEAE IR, i@ S b e, &
BN, XA F TR E Ay, et A AR I
AR CR . 0] BB YR e (R A X AL RS A R IR G,
DRI LG Y. 78 43 TT R AR PR R, i v K BH BE AR B 7K R )
%
2.1.2 BHFATE AR LA K2 F RGBT b oA
IE BT 5 AR VR IR A A S AT RGP R
R MR P~ SRR R (R2) , BHHG, HARRM
AN, (HE IR A BT n . 2ER =i i fig
Hrh, FRENZX R ZOREEY, BTS2 5
A7 BB A R 5.63%A1113.2%, 52K T~ FLREAR 4
R RAEDI &, R AR A A S K R,
Rk Z FOREANARE, B AKPAR. IBBEHG, BRS0MRE(E
IEBFATHEIN4.6TE+15 sej, 1XFEHE T = KNSR
FRRE TR I T, HoAp BT RS, AR KRS 5K
ai KIEFE o ARAEY AR H 5 JEPORR T RUAS B B 481
BT, X R R REE N 7.53E+18 sej, iR
Jei > VR AR L IET AR 1 19994E 11140 hm™ /) $1120044F 1)



268 AN TR R

2009 4F

55.8 hm’, H 5 7= H AR AEAIR/N T 1.50E+17 sej, HAv 1
R AR = S A2 77 ) BB BERT (9538 E+15 sej/hm? | T $1)312
HER 111,68 E+16 sej/hm* (£3) , X WEHHA M A E 5
SEM G, AT AR A A R A R, 2 RN B
REAE M= S AEr=rp, B S T A= R0%, MELRIE TR
FOMEA TR, BRI T AR RSSO o DRI, 1 R85
Bl BENARGH i BB R, TR A 35 B A H [ 2R P 5
PR RSB BB AR R T L B . 1
B S R TR IS B BRI TR B, R A
i DI e g, IRHED, RILIEE
BN, H 2 MEE A MR ARG B, AR SR
Lyl AR R, T A EAE, XN —2R
HIF I PR ISR S it i B R AR R R 2 1 5 )
YER o ST A R, 8BRS, PRI 5 BT by bl B
SN, AR S H AR B IR BEAT (4.97E+16 sej i i
IR I23.7E+16 sej, 0t g VA B X e 2 5
S B R A o RO BB IR B HT 3
6.5E+14 sej, AHIZIISMNY FE S AT R R 53 AT AN =
F o BRI AR AAI A, BIE AL BN
DABR b= i i 7 e . HE— D3 i B BT B XOR B
LUK ERAR RN . LR BHE R BUR 5, &7
mi R HREAELE T B B, 8 & O rpof R = ) 7R A

AR EUR R, E AR B R ek, Xt
DK 4T 5 [ AR S A BT AL — N E R A [
WG, EERUR M R A = 2 by, e SR DRT b o B A U e
PEIRARRA, PABEWIRE, PR A, REEREE
K, BRACIRLE FagoR, b mg R [ OB BHE MR EBUR, R
ARG A SRS L IR BN, SEBLA S RIZ BRI
MUAT— 52 AR EAE R

B BT IZR IR A R G AT B R EUCN 0.60, IB
BHE T RMBOL T R G AR ISR, iR
e ETEN0.72, BT A EL0. 50481 =K i 0. 44251,
XSG A T R G 77 B R H AR
LR B AT Ko HIMIRAOL AL 2T R RoE M f
IR AT 005189 I BHEBHE 1190.53,  MARAREE AT
JEBME TR R 0. 826) , RIALRY VAR A AL
TFRG ARGETEIRANT, N AZ 4RSI 5 2R Ge 45 /R 4%,
DIMEsREL s, TS RBHE AR . ARBE VAR
EHEATATRE AN DI TI3A, EBRA900AN, 4
AN DV BCH EEa Y, B BEE N ER E ) BOE BT
K, HTFHRA148N, FIRIET185 A . 20044F Z bkt &
NERS14N, A FRRIEN, FERAE R . HA
N HASRM, 2 RSB AET AR R R R I RSt WiZiE
FEEHIN DK, DU E N R BB A K.

F 1 RKIFARERHEI R R ESRIEEERA
Table 1 Emergy input of agri-ecosystem before and after grain for green in zhifanggou watershed
BB G
o H
JURERD - g1 Re(HE R sej + X BH REfE/sej SR HRT - g BEAL AR fsej » ! X BH REfE/sej

X PR AR BE 1.66E+16 1 1.66E+16 6.43E+15 1 6.43E+15
REhRE 3.04E+09 6.63E+02 2.02E+12 1.18E+09 6.63E+02 7.81E+11
MK RE 2.70E+13 1.54E+04 4.16E+17 1.04E+13 1.54E+04 1.61E+17
MKFHEE 2.01E+13 8.90E+03 1.79E+17 7.78E+12 8.90E+03 6.92E+16
HhER TR e 1.37E+12 2.90E+04 3.98E+16 1.90 E+12 2.90E+04 5.51 E+16
G 7883 0 4.56E+17 221E+17

FLEm %k 2.09E+12 6.25E-+04 1.31E+17 8.09E+11 6.25E-+04 5.06E+16
NG RN 3 1.31E+17 5.06E+16
LW 3.90E+09 1.59E+05 6.21E+14 1.51E+09 1.59E+05 2.40E+14
i 2.98E+11 6.60E-+04 1.96E+16 8.67E+10 6.60E-+04 5.72E+15
e 5.50E+06 4.62E+09" 2.54E+16 6.21E+06 4.62E+09" 2.87E+16
A 1.86E+06 1.78E+10" 3.31E+16 2.84E+06 1.78E+10" 5.05E+16
AL 4.37E+06 2.80E+09" 1.22E+16 5.41E+06 2.80E+09" 1.51 E+16
K2 1.53E+05 1.62E+09" 2.47E+14 5.91E+04 1.62E+09" 9.57E+13
& HIHLbG 1.04E+08 7.50E+07" 7.78E+15 4.01E+07 7.50E+07" 3.01E+15
A it 6.52E+10 3.80E+08" 2.48E+19 2.53E+10 3.80E+08" 9.60E+18
Tolki B Re/ N 2.49E+19 9.69E+18
AJ1 3.30E+11 3.80E+05 1.26E+17 1.28E+11 3.80E+05 4.86E+16
HHLIE 7.02E+07 2.70E+04 1.90E+12 1.04E+08 2.70E+04 2.82E+12
I 2.27E+09 1.45E+05 3.29E+14 8.79E+08 1.45E+05 1.27E+14
T 5.96E+11 6.60E-+04 3.93E+16 231E+11 6.60E-+04 1.52E+16
HHLREBA /N 1.65E+17 6.40E+16

Mot 2.51E+19 9.75E+18

7: sej=solar emjoules, BIARPHAEAEH, 1.66E+16=1.66X10'°, F[l. A1) ML hsej-g™ e KBRS AE. KBHAE.
SRR HOBRYEEAE 5 R AN ISR, TS m] S B 5T BRI 7K A 25 V5 e B e e

FZKALZEBE S 7K REA RS, fiE
LAG REEIK A5
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Table 2 Emergy output of agri-ecosystem before and after grain for green in zhifanggou watershed

T R
I PN » % PN » 2%
T e s IR mietivse i gy EIEE o
EX 1.07E+05 1.75E+12 8.51E+04 1.49E+17 1.32E+05 2.15E+12 8.51E+04 1.83E+17
BT 4.58E+04 7.26E+11 3.59E+04 2.61E+16 2.44E+04 3.87E+11 3.59E+04 1.39E+16
BET 4 47E+04 T12E+11 3.59E+04 2.56E+16 6.00E+03 9.56E+10 3.59E+04 3.43E+15
g%k 4.22E+04 7.05E+11 6.90E+05 4.86E+17 1.13E+04 1.88E+11 6.90E+05 1.30E+17
= 1.42E+04 2.31E+08 8.30E+04 1.91E+13 — — 8.30E+04 —
FeF 6.08E+03 9.68E+10 8.30E+04 8.03E+15 1.40E+03 2.23E+10 8.30E+04 1.85E+15
A 2.92E+04 1.11E+11 2.70E+03 3.00E+14 1.05E+05 3.99E+11 2.70E+03 1.08E+15
KMEsE 3.68E+04 9.21E+10 2.70E+04 2.49E+15 7.00E+04 1.75E+11 2.70E+04 4.73E+15
VR 5.03E+03 1.26E+10 8.60E+04 1.08E+15 — — 8.60E+04 —
JINE S 1.40E+05 3.68E+12 5.30E+05 1.95E+18 7.50E+04 1.97E+12 5.30E+05 1.05E+18
KB — — 2.70E+04 — 3.60E+04 9.00E+10 2.70E+04 2.43E+15
SRR 1.60E+04 5.36E+10 5.30E+05 2.84E+16 1.15E+05 3.85E+11 5.30E+05 2.04E+17
1A 1.20E+04 4.02E+10 5.30E+05 2.13E+16 1.85E+04 6.19E+10 5.30E+05 3.28E+16
JRHL BT 2.80E+04 9.37E+10 5.30E+05 497E+16 1.34E+05 447E+11 5.30E+05 2.37E+17
N T H 3.19E+04 1.58E+11 2.70E+04 1.18E+15 4.50E+04 3.38E+11 2.70E+04 9.11E+15
KRR 3.16E+04 2.22E+11 1.90E+04 1.66E+15 9.92E+04 7.44E+11 1.90E+04 1.41E+16
AR 1.07E+11 4.40E+04 4.69E+15 1.21E+11 4.40E+04 5.34E+15
L= 2.00E+06 8.41E+15 2.00E+06 0.00E+00
s 4.00E+06 6.74E+17 4.00E+06 4.77TE+17
o 2.00E+06 4.01E+16 2.00E+06 6.07E+16
Eo 3.17E+06 7.08E+17 3.17E+06 1.56E+17
i3 2.00E+06 5.00E+17 2.00E+06 4.06E+17
X 2.00E+06 1.56E+16 2.00E+06 2.35E+16
& it 2.70E+18 2.78E+18

F 3 PITATIEBIRHEIE R E SRS W S EE IR LR
Table 3 Comparison of emergy output of agri-ecosystem before and after grain for green in zhifanggou watershed
M7 Ehisej M sej AR BRI Sy fsej o hm? IRERIEEse) REVEFAE REFGENEIRE AR TR N DR R
EBHERT 4.70E+15 7.53E+17 5.38E+15 1.95E+18 0.60 0.51 113 900
EBHE  2.86E+16 1.66E+18 1.68E+16 1.12E+18 0.72 0.53 148 1185

2.2 BRHAIERERLESZFRFEREMERROLE 5 BT RO RN B2 5 R G R K1)
ki REAEL AR AR a2 DX -5 At i XA 5 1) 2 BERE AR B xS EE
BEEIRI A R 2T ML RSB e B2 4R R4,

®4 RKIWORBRUESRREREDTIERR S BHIER LR

Table 4 Comparison of emergy indices of agri-ecosystem in zhifanggou watershed and other regions and countries

P p5) ?Eﬁ el et R ﬁ?jﬁﬁzjﬁiz )\ﬁ?sﬁéﬁ ﬂﬁa ﬁélz“ﬁ'ﬂ? Hi
/107 sej NS RS fidar & /10"'sej * m /10" sej KIEFaEL /107 sej * $
EHT 0.027 0.455 0.11 431 3.09 5.16 2.55 2.19
EBHE 0.028 0.458 0.29 433 12.04 5.41 6.69 221
Hr 1412 2.08 1.26 3.73 3.11 5.62 44.19 11.9
Bk 2691 2.14 1.32 0.483 1.25 11.7 64.1 14.7
Ea 7.1 4.56 1.04 3.13 5.93 29.5 27.1
L9 3183 6.05 0.98 43.53 30.6 4.58 0.18 3.02
PNl 548 0.46 2.64 3.28 1.25 1.19 226
Wi 2104 2.56 1.34 11.25 20.2 45 2.82
o [ 71900 233 127 9.89 7.54 4.52 19.12
i 202400 2.00 1.5 1.36 3.86 4.05
ek 1590 8.52 1.08 1.04 2.15 3.18 3.5
g 83200 7.00 9.32 7.00 29.25 0.48 2.55
H 15300 0 0.75 0 41.09 12.64 2.14
A 12650 9.47 42.03 22.00 1.46
Fiit i 4110 9.03 10 4835 257

T VERRKIET-Odum, HI: 5548047 G ORI 5 A iF 57513, e s SRR S 5 17, TR O el kel 0%, R B Bl I 10 B8 o 1 AR



270 AN TR R

2009 4F

2.2.1 fMEHEAFE

REAE PN 3L M B 22 0% e R R RN BRI 47 B30 JEE )
Feabr, FEVFISAT I B EEA R Y5 B A SRS 3k
WO 22 ] BB R R I, PN RN, SR /KT
R XF PR BE MR B, R FH AN TR B B
B2 (0 BE AR LLAP A, 3 W G A IBORIRI ) A0 452
CHRUE FRERAL RZWAHR . R, X fEbR sz
B R REBUR . AFBARAKFER ZRIH 4. BHEET S 4T
ViV s RN LT AR, S T I A kb X
] R A SRS 7KF, B R G AN B9 D) FE L
BN, B R IIZX BAT RUF B R AR (&
R, BILP=H M= RER B, T d iRk, —
MNRGERA ), AR REE M ] S H R S
REMEL M RE IG5 1, R REMEHBEE LAY, DR
KL H o
2.2.2 FRefi i E

T RE A R 8 RGP RCR TR, %A
K, RPRGA PR G FIRF R HR BT
RSB AET NG T BG RSB 5%
IS, —EREE BT RGN R R
BAETE, RGEMEReE ™ B m 0.11 #%m# 0.29, |
AV T Ay P8 00t DX AR 50 % 12k DX T 5% 4D A AR
XY IR AR D AR AR 48 T 2R e A Al B REAELF N BT 0)
N RBEAR 7 R, B RS E CR AT, #AR I
VT AR N AZ N SRR R L TN R, A
HAZwHMme, RUEEE.
2.2.3 HRIEHAME

I8 7 3 R A 7S BT nT S B AR T AR 1K AN T 5
RefE i, DA & AR IR BE I S A RS, XA B R4
—MER, 752G KA TRENAR AT, R
B E AR W Thfg Bt sk k. MREAE 2 BT #0 5EK
iy AT BEA S NI AS AN ] 5 T R A T R A2 S
KIAEEAILFE (environmental loading radio) b Fh(1) 3%
JEIR . iz R R BT S LT AR, HiX—fR
bren T0raE. NS HIREETEEHIX, AR TV 75,
Wiy PEPFACE LKL BRA. . X
3 1) A 85 T 7R 52 [0 R e AR S I B R 2 e 2
FLGRIETT AR I8 K
2.2.4 HMAEE

BB A 2 JE H AR T 507 B ) S8 — SR TRIRR () BB I 8
L, T fh e R ) S M X1 B A FH B 2401 UL B
EAE 2 I TR BN R o BE T R 1) B R Bt X, L9
AN, ILRBAEAS WA ] S AR, B S A
VAR A 1) REAE 25 T RO T R SRk 4 T R R 1
BRI DA 7 o AR 78 T K 12 TR AR AR LR R B A T [
BIKF, miERBEZ G, XTI 2 Hoh X R E 5K,
KSR G R AESE T RGN BRI R SRS E
Ko Mk UL, AR O B 5K ECH X fE % AR
11.3X10"~41.0X10" sej/(m? - a)t'¥) . BEAHBF MK, #

B % X IR PRI S A %, GV R BRI, SR
HH (1 H A7 AR R
2.2.5 A¥REAA =

NS5 BEAH FH o AR 25 2 119 A 8 B e N IR A 4% K
Py ARTE TR AN B R RERR P IR bR . X AE B T
FE I REDIUL . 2o DF I A 4 o ] — B HE IR BE AELIn BA Ll
BT, AN AIPIE W ITIEW & B T Al i B mARBLIN £ 5F
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Energy analysis of agricultural eco-economic system before and after
grain for green in typical watershed in loess hilly region of China

Zhou Ping™?, Liu Guobin®™, Hou Xilu*
(1. Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling 712100, China;
2. Ingtitute of Mountain Hazards and Environment, Chinese Academy of Sciences and Ministry of Water Resources,
Chengdu 610041, China)

Abstract: Based on emergy theory and method, resource utilization, environmental pressure, variation of emergy
indexes and efficiency of agricultural eco-economic system were analyzed before and after “grain for green policy” from
resource input and output in zhifanggou watershed in loess hilly region of China. The results showed that the total
emergy output of agricultural products of agricultural eco-economic system was 7.53E+18 sej before grain for green in
watershed, and decreased 1.50E+17 sej after this policy. The production of agricultural products per unit area increased
from 5.38E+15 sej/hm’ to 1.68E+16 sej/hm” and emergy output of animal products decreased. The dominance index of
system production increased from 0.60 to 0.72, the stability index of system increased from 0.51 to 0.53, and the
population carrying capacity was also increased after grain for green. However, emergy investment ratio and
environmental loading were nearly stable. Net emergy yield ratio increased from 0.11 to 0.29, and emergy per capita also
change from 5.16x10" sejto 5.41x10" sej. Index of system sustainable development also increased from 2.55 to 6.69.
After grain for green, the ratio of emergy-monetary was 2.21x10"* sej/ $ , which changed little as compared with before
returning farmland. For sustainable and stable development of agricultural ecosystem in zhifanggou watershed, adjusting
agricultural structure, optimizing the allocation of resource input, improving resource productivity and reducing the
environmental loading were all needed in the next step. In this way, the agriculture of zhifanggou watershed could
develop more sustainable and healthy.

Key words. agricultural eco-economic system, environmental engineering, ecological restoration, loess hilly region,
grain for green policy, emergy analysis



