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Abstract: To mitigate or reverse ecosystem degradation, China has invested huge sums of money since 1978 in ecological
restoration projects such as the Three North Shelter Forest Project ( TNSFP ), Natural Forest Conservation Program
(NFCP), and Grain for Green Program ( GGP). However, a lack of effective evaluation methods has made it difficult to
tell whether these programs were cost-effective. In the present study, we improved the input-output evaluation method to
evaluate how the cost-effectiveness of these ecological restoration projects has changed over time. Specifically, we compared
the costs and benefits before and after implementing the three restoration programs. The annual net benefits were 461.7x10°
RMB for the TNSFP, 2930.5x10° RMB for the NFCP, and 530.1x10° RMB for the GGP. The corresponding net benefits
per unit area were 6.5x10", 17.6x10", and 18.2x10° RMB hm™ a™", respectively. These values equal 29.3% , 328.9%,

and 77.0% of the costs of these investments. Among the six ecological restoration measures, establishing fruit tree

EL£WHE . BRESWEIT (2016 YFC0501002)
rfE B #9:2020-11-22; &1T B #5:2021-06-04
# W IRAER Corresponding author.E-mail ; shixiongcao@ 126.com

http ://www.ecologica.cn



4758 JAE = 41 4

plantations in farmland and degraded land and protecting vegetation to allow natural recovery generated net benefits in every
Chinese province. Afforestation of degraded land, aerial seeding afforestation, and afforestation of farmland produced net
negative benefits (i.e., losses) in some areas. Due to large differences in socioeconomic conditions and resource
endowments among China’s diverse regions, it is necessary to respect these differences and design ecological restoration
strategies tailored to local conditions. Our improved cost-benefit analysis for ecosystem services can help governments choose
better land uses and improve ecological conservation strategies to maximize both their ecological success and their cost-

effectiveness.

Key Words: land degradation; ecological restoration; ecosystem services; livelihoods; project management
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Table 1 Implementation area of the Three Norths Shelter Forest System Project ( TNSFP), Natural Forest Conservation Program ( NFCP) ,

and Grain for Green Program ( GGP) in 2017

b1 E AN N RIRMARI BIEESISY AN

TNSFP NFCP GGP
T F R IH4EA The first year 1978 1999 1999
B HEHITE PR Afforestation of farmland/ ( X 10° hm?) - - 6.58
IEBEHL R 28 5PK Fruit tree plantation in farmland/ ( x10% hm?) - - 413
FEHFIAR 22 55 AK Fruit tree plantation in degraded land/ (x10® hm?) 4.64 0.36 -
FeHbE K Afforestation of degraded land/( x10° hm?) 30.99 3.32 15.05
FARFEWMK S Natural vegetation recovery/ ( X10° hm?) 40.06 144.86 3.31
KIETEIR Aerial seeding afforestation/ ( X10° hm?) 1.77 3.77 -
3t Total/ (x10%hm?) 77.46 152.31 29.07

RARMERS TR R ARG T 0 T ARSI AR

F2 2017 FEREHIR H | Feith A0S Rhbk g 25 X 38 B B9 Z L/ (X 10° J6/hm?)

Table 2 Regional variation in benefits of steep slope farmland, degraded land and forests land in 2017

Bl N B %%ﬁ:j% JB*#MR Fie LI AR FOH ﬂ*ﬁiﬁ%iﬁﬁ i—fﬂﬁiﬁ%iﬁlﬁ
Steep slope Tic Degraded Aerfal seefhng Returning Ijand of Natural Land of fru'lt Land of frul't t
farmland Degraded land forest afforestation farmland to afforested forests trees plantation  rees plantation
land forest land wasteland in farmland ~ in degraded land

Jee 38.4 5.1 13.1 - 29.4 29.9 26.1 187.0 -

PNES 34.7 5.1 1.7 - 315 33.9 233 1453 -

FEE]A 37.9 6.2 25.0 - 33.5 37.8 48.0 116.0 -

g 37.7 4.8 23.7 28.7 58.9 37.1 44.4 97.4 34.6
RES 37.7 6.5 20.5 28.2 402 36.5 36.7 73.2 27.2
Ly 43.8 7.9 26.2 - 47.8 45.7 4.8 102.2 -

Hk 4238 11.4 27.5 38.7 56.1 50.1 445 96.7 35.4
AT 432 10.4 27.1 37.0 60.1 479 415 95.2 35.2
TR 38.0 8.9 30.6 - 60.1 517 513 94.3 -

b 37.4 7.2 40.5 - 68.3 66.2 77.1 99.3 -

o) 35.6 5.6 28.6 30.7 45.6 39.7 47.6 128.9 54.1
ikl 39.2 6.1 30.5 38.0 69.6 49.2 52.1 88.6 41.8
k] 38.5 73 40.1 - 60.9 57.7 78.4 92.9 -

i) 40.6 7.4 4.8 - 782 69.7 79.8 152.5 -

53] 39.4 9.8 40.7 412 63.0 533 77.1 2134 134.9
NN 415 9.7 46.2 60.3 79.7 78.0 89.0 129.9 83.6
Lyl 38.4 9.6 438 53.9 76.7 69.8 83.9 124.1 76.1
S 39.5 6.7 26.4 51.0 62.0 66.0 49.8 87.5 47.6
=l 413 6.7 44.4 44.8 69.2 58.0 88.2 137.3 83.8
[ 4 30.6 1.5 54 27 31.3 34 10.0 41.0 31.7
BT 36.2 45 20.2 24.5 4.1 31.7 38.2 173.3 105.3
HW 33.9 2.6 23.7 22 36.0 28.7 48.0 160.4 56.0
T 35.3 2.3 8.9 17.3 28.5 2.3 16.8 332 11.8
TH 37.1 2.9 17.7 272 39.3 35.1 34.8 87.0 40.0
i 37.5 3.8 115 22 2.8 28.7 20.7 198.0 64.3
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F3 2017 FREHK B Foith A0S bkt A9 B A 7 XIS B A T4/ (X 10° J6/hm?)
Table 3 Regional variation in costs of steep slope farmland, degraded land and forests land in 2017

RHREAK HBREM Fe gk BEREZTH TSR

S%:fﬁi T fj:jiﬁ Aelrial seeqing Returning Lfmd of iﬁz‘ Land of fm'it Land of frui't t
farmland Degraded land forest afforestation farmland to afforested forests trees plantation  rees plantation
land forest land wasteland in farmland ~ in degraded land
Jeat 39.5 4.1 72 - 167.3 153.4 14.5 154.8 -
Kt 29.5 34 5.9 - 37.6 30.7 10.3 102.3 -
Ok 39.1 3.5 54 - 26.6 17.5 7.3 75.4 -
17 44.4 3.4 6.0 22.6 58.2 50.4 10.8 70.6 62.8
RET 40.7 2.7 43 17.0 437 38.1 11.0 51.6 46.0
Uy 024 3.7 6.0 - 435 36.6 9.4 71.6
M 36.7 3.2 6.5 2.2 55.1 49.1 10.2 67.3 61.2
AN 38.5 32 7.1 30.8 83.1 71.1 16.3 65.9 59.9
G 30.6 5.4 9.0 - 478 39.4 13.3 56.4 -
b 31.4 6.3 9.9 - 30.6 21.9 13.1 51.8 -
L] 28.0 4.8 7.6 14.0 28.3 20.5 10.3 82.6 74.8
il 34.1 5.4 8.7 15.2 30.4 21.2 115 56.0 46.9
Wim 41.2 5.5 8.7 - 25.5 17.1 11.2 69.4 -
i) 37.3 6.5 10.8 - 413 38.2 153 66.4 -
53] 33.8 6.4 10.2 17.4 2.7 23.1 13.4 88.1 78.5
EWR 33.1 4.1 6.3 16.1 38.0 28.1 8.3 56.2 46.3
aj] 33.0 4.0 6.9 18.2 46.2 34.8 11.4 59.4 479
HM 33.7 5.8 9.3 16.9 30.6 24.7 12.6 459 40.0
=W 36.6 5.7 9.0 15.6 24.8 20.9 11.7 57.4 53.5
[ 24.8 1.1 1.7 10.0 332 24.9 34 17.6 9.3
53] 38.5 4.0 6.0 14.4 282 2.5 8.4 73.7 68.0
il 432 33 5.7 19.8 48.6 417 9.0 111.3 104.4
it 36.1 2.4 5.4 32.5 94.2 85.5 12.8 30.0 21.4
TH 47.1 3.0 5.1 20.1 52.7 44.3 9.1 55.4 47.0
Wi 426 2.6 43 21.2 61.6 52.9 6.3 142.4 133.7

FS AR B B Rt A AN TR i XS it P RECR AN T] B 1 R 8 5% PR it B AR e L B b R R SR T X
A 3R IS s LA A DO R it A ey v (B 2 by (3R 4) o AR BF ARG 28 B bR b A 28
MR RIRAE IR I 3X =PRI AE A A e A IE RS o AR =R AE TR 08 = A T ke . IR B
TEARFNTE s AR xr b mt RKE NS AR SRRV PO H O H T B 10 M X A kR )
eI ARSI X R VL VO H I B 4 S DO AR RS o

—ALBP R ARAMRER Y R BRA AR T AR RS , 5 H X 2 B K T 2035.0%10% 3821.1x10%
1127.8x10° 70/ a, I 25 43 3K T 461.7x10° ,2930.5%10° 530.1x10° 70/ a , B4 T AR 4= MW I 5 43 Sl 36 T
6.5x10% [17.6x10° ,18.2x10°x10°JC hm™ a™" | UL25 K55k 29.3 328.9 .77.0% (£ 5) .

TP A SR EE i RS R GRS A G ARRE 0 DU T 4y b B AR A R A
S HRE R R AR BRI T 8 A [ A A R I St RS S AR IR AR AR A T
AR NS R GENA SRS SIS PEAN ) , UEA A B T AR BB 1 Mol 25 38 G A 388 i, KA A
BBE THREAENIRRAGES (F5) , S R S PRIE A AR M X A A4 0 sl AR bt it , A SR 3R AT T 4
ROR(FR4)
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F4 2017 E& S EERBEMIEL/ (X10°T8/hm?)
Table 4 Regional variation in land’s net benefit of produced by afforestation of farmland, fruit tree plantation in farmland, fruit tree

plantation in degraded land, afforestation of degraded land, natural vegetation recovery, aerial seeding afforestation in 2017

R HhE AR IR 2 T R e 2 bk TR FARMP IR RIEEM
Afforestation of Fruit tree plantation Fruit tree plantation Afforestation of Natural vegetation Aerial seeding
farmland in degraded land in degraded land degraded land recovery afforestation

Jex -136.82 33.30 - -124.48 5.80 -

Kt -11.33 37.82 - 1.48 7.21 -

T 8.01 41.82 - 17.67 21.01 -

I 7.41 33.49 -29.65 -14.66 15.99 4.74
SES -0.51 24.60 -22.60 -5.42 9.43 7.46
Ly 2.96 29.20 - 4.90 13.26 -

Ak -5.06 23.31 -34.08 -7.20 13.26 8.27
ey RN -27.68 24.58 -31.93 -36.47 11.21 -0.99
G 4.90 30.49 - 8.76 16.44 -

AN} 31.70 41.53 - 43.34 33.41 -

e 9.72 38.66 -21.55 18.45 16.27 15.95
L 34.09 27.53 -5.73 27.34 18.76 22.23
L] 38.16 26.26 - 38.83 35.85 -

I 27.56 82.75 - 30.50 32.59 -

{537 24.62 119.65 52.99 26.77 33.25 20.41
K 33.20 65.22 31.74 4433 40.85 38.55
[yl 24.96 59.26 2.67 29.42 35.68 30.18
S 25.62 35.81 6.68 40.38 20.02 33.09
= 39.76 75.17 29.30 36.16 41.06 28.22
it -7.84 17.46 21.98 -21.87 2.93 -7.69
b3 16.27 101.86 36.83 8.78 15.66 9.65
o -3.33 58.35 -47.60 -12.17 21.05 3.17
il -64.91 3.86 -9.41 -63.04 0.47 -15.00
TH -3.41 41.57 -7.01 -9.10 13.18 7.12
st -33.67 60.73 -70.63 -25.39 7.20 -0.17

£S5 2017 FEZALBHIPHR  RAWRRIP RBHE R TIEESEFERIE A RIS RIS BUR AN
Table 5 The annual increase in benefits, costs, net benefits and compensation provided by the Three Norths Shelter Forest System Project,

Natural Forest Conservation Program, and Grain for Green Program on 2017 data

I35 Benefits A Cost 25 Net benefits W25 %/ %
WHE  TiHE K BHE  BUHE HES WiHE  BiHET K ben;ﬁml
After Before  Increase  After Before  Increase  After Before  Increase
=AUBEFR /(X103 hm 227!y 42,70 14.06 28.64 26.58 4.44 22.14 16.12 9.62 6.50 29.34
A (x10%98/a) 3033.57  998.59  2034.98  1888.60 31529 157331 114498 68331  461.67
KEMBST F1/(x103E hm™2a™")  47.93 24.96 22.97 11.08 5.73 5.35 36.85 19.23 17.62 328.91
A (x10%98/a) 797233 415122 382111 1843.67  953.08 890.59  6128.66 3198.14  2930.52
BEHEM F/(x10%E hm™2a!) 6017 21.26 3891 38.8 16.81 21.99 21.92 3.68 18.24 77.02
A (x10°90/a) 1749.14  617.95 113119  1127.79  488.78  639.01  637.16  107.02  530.14

Pl G R RSB E T 0 25 T R s i R AL R 2R3 2521, TS 208 SR AN B — 45 AR (L n AR bk
i B2 ) SRR A g e KA, FERIE G730 H S0 A A S5, o 000 LA AR A PPl LAl 5%
SR B PREERR I DX RAE T, R IR A RE TR I S B DR A AR ERSR Al 2 DXt 2 22 5 R SRR Y XL
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JEAS (R 4) o BRI DX, N TS AT B AR R B NI M) g A e B . WARASE Dy T ARG AR K
RAGLT AR, BB R N G T A AW 7 HERE, AR SCHE TS SR AT, 2530 1 b DX AR 8 BT 5 /N T
209 , Rl 149 A 25 S bt T 5 e N w2 ol A S R AR Y Oy e R 3 AT S AR SR Y N T g
P HE— LI LR R FREES RGHE—LEL, T R X SN T 30% 0 2 iRl i R 5 B
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