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Evaluation of the forest ecosystem services in Haihe River Basin, China
BAI Yang, OUYANG Zhiyun ", ZHENG Hua, XU Weihua, JIANG Bo, FANG Yu

(State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085,
China)

Abstract: Rapid human population growth and urbanization have led to the loss of many ecosystem services. However to
effectively manage ecosystems so they can provide enough food, fiber, fuel and other services for humanity is a great
challenge. One of the most important terrestrial ecosystems is forest, which plays an important role in watershed
management. Forests provide important services such as timber, nutrient cycling and soil conservation. To increase our
understanding of how to balance economic development with environmental conservation, we used Haihe river basin as a
case study to evaluate forest ecosystem services. The Haihe river basin, located in Northern China, covers an area of 3.2x
10° km’. Haihe river basin is currently confronting many environmental problems making the protection of ecosystem
services a high priority for sustainable development across the region. Haihe river basin possesses many environmental
challenges such as water scarcity, water pollution and desertification that are exacerbated by rapid economic development
and urbanization. The majority of primary forests and secondary forests have been destroyed for timber production despite
reforestation effects resulting in the reduction of forest ecosystem services. An index system for forest ecosystem evaluation
was established and the economic value of the forest ecosystem services were evaluated using a methodology that included
market valuation, shadow price and opportunity cost.

The results showed that the total value of Haihe river basin’s forest ecosystems were 234.9 billion RMB, of which the
direct value accounted for 35.9 billion RMB and the indirect value was 199. 1 billion RMB. Water conservation, carbon
sequestration and oxygen release, environmental purification account for 37.63% , 21.88% and 19.57% of the total value.
These three services were the main ecosystem services in the watershed. Based on our results, the services could be

arranged from the maximum to the minimum value as: water conservation (88.4 billion RMB) , carbon sequestration and
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oxygen release (51.41 billion RMB) , environmental purification (45.98 billion RMB) , product offers (35. 87 billion
RMB) , soil conservation (8.21 hillion RMB) and nutrient cycling (5. 08 billion RMB). Based on forest types, the value
could be arranged from the maximum to the minimum as: conifer, shrub, robur, birch, mixed forest, polar and larch.
Shrub, conifer and robur are the main forest types in the watershed, accounting for 47.60% , 26.00% and 15.29% of the
total area. Shrub provided services that value to 67.32 billion, conifer to 90.59 billion and robur to 42. 08 billion RMB,
which account for 28.65% , 38.56% , and 17.91% of the total value. Shrub occupied the greatest area but did not provide
the most services. However, larch had a small area (4.31% ), yet had the greatest value per unit area (53.9 thousand
RMB per hectare ). When considering value per unit area, coniferous forest provided more services than broad-leaved
forest. The research results show that the forest ecosystem provide an immense value to the Haihe river basin. This study
highlights the importance of forest ecosystems and could help facilitate the protection as well as the management of forest

ecosystems in Haihe river basin.
Key Words: Haihe river basin; forest ecosystem; service; value

HBRGEMS DRI A NEB RGP RS . BRMAES RGNS e R M AES R 5 L H
AR NZSBRAE M AR AR E 5RO ARMRE iR DR B R AR S R KM — WA
B A 7 R G R A5 b AR 55 B AE ARAE (Z5AE CE SRR IA | IR ARV AR UKL SR S L K
DK, BT AT AR BEIR Y B ZE RN X R IR B T R 53R 2N R A R A A i =, &
T AR BUE WD R R 2 T B AR S R G PR A A 25 P IR 55 DO RE DS | SRe 2l B S22 4
FIEERR | & BeAt S B R D) B2 X R B W IR T Rt & R LRI 28 TR A, AT 8 2 TR 30 4 A A
FHEESRG, R HEBMES R M S NEER LB S 2B Fr g & AL M 20 {42 80 4ECTFLA,
Xt AR A S R GIR S5 DI RE A AL RPN A T 05 e T3 1 2 B ISR E EL7E 100 24 E KR
FFO X UERFIE IR R T AR IR A I, A R TR R B DR B FR AR T U A T T AR At
HIRRA, B B K 2 8 TR X — R b Y ARAR, G B SR PR AP DX 38 46 sl () X, ands i B
8o SR RMA S R IS5 DIEE , A0 H 0 EE R FRK IR, A B FIRAL IR SS (In siea) 7, 100, 167
BN AR 22 0% 2 e AN e 88 T RO ISR B R P UL R R AT AN, IRk, Pt i R
VAR R RGNS DI RE M, BN EAA SEHIME SR O T AT AN AR D IR SO BE |- 5
AR RGAS TR IS DOREM KN Zs 8] 2 A b 22 Sk, ol DIVE A AR AR 338 PR B

VR TR L KR — | R A S IR I R L B e A R IR — MR UK SRR R = KR
FHUK PR NGO E A RGXNZ IR A R RO At Sa it kR B EEWE L, A GE T
XHREIT Sk AR AL 25 R GRS DI REEA TV BB BILA R BB (1) 8 SR BUE L A S R G HA IR
5 UIREZAY ST PEM SRR R 5 (2) XA R AR 55 DO RE S AU A T2 B VEAT 5 (3) S M AR MR AR 28 R e (3 1 45
R 55 DI REARFAE
1 HREER

MR IRA, FAR £8 112°—120° b4 35°—43° 2 i), P LS i FY 31. 78 7 km?®, /5 4 [ ST RN 3.3%
TRRIAT G ek A b ] SR A 3 U b SR AR T T R K R D B IX P TR HE SRR R
R 7K 2 B oA SR I 8 A b PR 25 52 WS RAT Ll e 1 ik XU — 2% AF M i 8 600mm A IIE Z2 TR , He
1] AL 2R 50 A 2 KT 700—800mm 1Y 22 [ H 0 5 PG 638 0 JE K RN 32 b Ll M A3 43 M IX [ 7K it Ry 400—
500mm, V- J5Hb X B K 2 — B S00—600mm ., H 3% 2 R A 9 52 ), 3t 38R K AR Y A BCAR R 1 AT
75% —85% L ETIA . IR HE AR AR 32 32 v A R T 2R KU RS A, AR DX RS 43 HE
T BB IR 45 T R PR R %) B R A L0 AR by 5 AT R b — N A3, 20 i T R T R s T R
ARV i R AT R SR YT SR AR M R 2 R 2 A ) B ) I | 2R B AORITE A 45 s AR A A |

http ; //www. ecologica. cn



7 ] it A IR AR bR AR 25 R SR 55 I RETT A 2031

VTR I e [ o/ A e I N e 2973 Y S I T W T G S o e L 7/ LA E 7 A B B o3 ey = 3 i )
T AHELL VEAR BB SIS MRS RIS MR TR 2C
2 HRAE
2.1 Bk
K1 200572006 47 TM 3IEGZAR, #1074 P AR SRR R AR B L Zs (| o3 A . X FRARMAES R
G5, B SEARYE GPS KR, R 4> N B AR BRI AROR BT RV SS AR A AR S s A A AT AR
AN TN ATSEA R, K o0 AR VPR AR A T b R RS AT 25 U1 DRy BA I 2IS 5 8 2 A T AR 8 v 1 A b o s
MHFAFFHIZE , ST R, EZRARR MRS BRISSE 0 F2 5001 T 1 i 4722 1 iy
HERISRIBRE S EZ A T I0 X, JF LT ERS R LA WA 225, % R B Bl 2 0] 40 A 25 57, AR B 58 %t
VRIS A KA EA T 0 DX AT | AR B A A 05 R 53 B A% N8 KA 55 3 A 25 5 I HE Rl R e
FIHE S H O HEARZE S8 R I RAR B MRS IH RS . AR5 b T3 0 A 2 8008 280k A 2 A a5
SCHR B JS A
2.2 M IERRAR
H M Daily ) Nature’s Services & 17K, X A= R SR 55 IRE R 5T B4 i, MA i) H 215 A3
FE AR A S R GBI 0 R 55 22 ) (R B 2R BE RS AR AR T s o ™ 6Tk — H Y MR L T R Tk AT 2l
AE UL RE AN SCIL R 55 DI RBIX —HESR . ~A AR AL BEMS 1K i R 0 2 X SE i 5 HLAA AR SR (9 & 1, (HIX oy 2
HESLAFAEAR Z [R5 Boyd ™" il Wallace"® IA A1 502 RGN REAR LT A 5 S FR 1 TAE B0 S WL A% 48 B, 2
R ) R 50 R SRR VR AE — . Boyd " AOSE DR IR S o AE S R GRS TR BETT T — ARl UK
TR R GEHESE | IR A 8 R G0 P RERS T 2R A AR S 4 4%, A FRARSE . Wallace™' 7RIN MA XA &R
G55 TIRe i S, B AZEAEZS RGP RAR A R0AR , (H R Al B DG T X S WL ) A BRI A A A8 R e R v
AT f5 3 4 25 R GE MRS DIRE AT 10 1 T 1 4 RAELE . Fisher! " AOBIF ST 3 0 76 S5 2R 2 181, IAH L3R A
Iy ISHELATL SR A T B . B EATTAS R R« FRATT” TAER g i FR AT 52 (R S A2 25 R GE R 55 Dy R A an e [r]
N ALK A5 1 3K SERL 55 AE AT A b7 A5 B SE R Gl A A A SE3 IF HAEARTR B b7 AR B ) RO
EATE RO ELR AT AR 45 B, Fisher R F QSR GE, Hein 2502 48 H T8 98 35 Th g A (it
FERMIIRE A IR — 28, T TRE . RN RS RGRSS TIRE A A i AN, A SCHEART R T MA 143 25 HE
48 IEUN Costanza "™ FFif . A RGSE— AR 40 BhAI, B JELe bk 09 Sk, HAT A R0 ELAT i 5 3525 19
R, HERHRURE ZFNRELAY  FEXTEARDE 5T RGBT o ISR AR S R G R S5 DR R, AR B 5L PR
FEAEM 22 SR e . T 0L, S AR AR S R GRS TIRE M A 23 1 iR 7E BARTEAN i st i, 32
BE B BRI, B X R AR AT I
2.3 TFMTIk
AR EE VIR RMAE R RGNS D RER M E &, TP AT E MR L T, BT
Wl R S DI RE s RHE 2 BN (E AL A B4 | 4 R A IR Rk IR A
2.3.1 4RI
PMAESRGRSS DR L H2 2 00 (86 £ 2R MO™ i RED™ 5 RS E D, BT AT
iilz,ﬁl\
V,=XS, -V, - P, (1)
A, V, NS RGAR ML WS HE; S, 95 RSB SOR i 5 o A T AR V, R RhRRAK
SRV T AR AR B B 5 P, NS AR BUR B sl T A T S A% 57 R AN R AR AR SR
2.3.2  [ERRBEE
I{lzj:i'lNPPj(l.63PL,+1.2PU) (2)

i,V RS I NPP, 5 j KA npp s P, KA E CO,I0H 3 P, Tl

http ; //www. ecologica. cn



2032

31 %

i& O, i b |

F1 BARERNESRERSIETENERER

Table 1 Indicator System of Forest ecosystem in Haihe river basin

PEM T H Ttems

PEMFEF5 Indicators

PR 7% Method

PP 5 Provision

X FFTIRE Support

VAT YIHE Regulation

SRR 55 Uifig Culture

BY Food

A Timber

2kt Drug

4437 Fuel

J&WE Tour

FEFRYFEIR Nutrient Cycling
W) ZREVEARA Biodiversity Conservation
[& % Carbon Sequestration
B4 Oxygen Release
WFE/K IR Water Conservation
345 Soil Conservation
55154k Pollution Purification
PREALR IR Recreation

T {E#: Market Value Method

JilR AT 2% i Travel Cost Method

T H5i% Shadow Price Method

SRR cVM

TEMRBATE BBLTE Reforestation Cost or Carbon Tax
HEMEAS Reforestation Cost

T W H5i% Shadow Price Method

HLEz A Opportunity Cost Method

T3 H B Market Value Method

JifeA7 %% FH % Travel Cost Method

X AkiB 7" Cultural Heritage CVM
FHENE Religion Value CVM
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Table 2 Provision value of different forest types

I H Item LN LGS FARAZE RS MR INZES B iR

A ’ Shrub Poplar Conifer Robur Birch Larch Mixed forest
T Area/hm? 3132348.8 183567.5 1711169.8  1005907.8 283783.9 30310.3 233452.8
AR IR B R
Annual average volume per unit/ 27.55 18.61 10.23 16.08 13.85 12.74
(m*hm™2a')*
AME Value/ (x10° JT) 23.8 171.1 98.2 31.8 2.42 22.2

KR PRA T 3 Hh NPP B M &
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RETULE, BTG H LT T (NPP) A1FE 3 Fin AR R I 6 A1 A R, BNAHE i 1t
Pi, AT [ E 1. 63tCO, , B 1. 1910, , SR Al 58 4% i AR RSS2 [ o FURS S i CO, 3 MROBLAS 7 1320 JT/t
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Table 3 Carbon sequestration and oxygen release value according to different forest types

5iH Ttem HEM LLES LN iEES e MR LN ZZS iR

) Shrub Poplar Conifer Robur Birch Larch Mixed Forest
NPP/(thm™ a™') * 5.54 10.33 8.19 9.68 10.21 8.88 9.48
Annual NPP/(/a) 17337546 1896247 14014474 9740197 2897424 269001 2213498

i ik Carb
{1 Carbon . 101.74 11.13 82.24 57.16 17.00 1.58 12.99
sequestration value/(x10° JG)
BE4A M H Oxygen release
FERAH Oxygen release 82.53 9.03 66.71 46.36 13.79 1.28 10.54

value/ (x10% JT)
B Total value/ (x10% JT) 184.26 20.15 148.95 103.52 30.79 2.86 23.53

« 5% NPPRMIR I 7 it E 20T XA KA A A2 RO R B R NPP R JITR Dhke|
KA NS 6 SHOT B R 24 RIS %5 e 6 SHOTH9 6 b MERER DRI 20 B 2127 g ) |
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3.3 Mk

FRARTT DUKEE F B RRIR B 2540 AN D) R, 38 3 WA 1o 30 | BEL B R 43 45 A B A fb it AR v A N 2800 s HE ik
I A B (A0 SO, ) , UL BE MR AL — A1k b BEAR KA 19 & 2 i, DT 3k B Ak PR 855 1 H
A AR ST F T R AR SO, AN AR B K BB AL I, AR MOl B2 B 5 e AN b 5T T AR
R AR L X AR AR 25 R G R S5 BT )  BRA ST SO, AESE S WM BE /74 120. 85kg/hm? ; i 22 (R 4FF
BIRE IR ARA 10 11e/hm®  EFEARCR 33,2 v/hm?, £ TR SR 5 359108, o0 22.7 v/hm® . K SO,
HYRE S 18.91 kg/hm® AR IBE ST M 1.18 t-hm™a™' " TiIZAHL SO, 2% H M 0. 6 J0/ kg, AbFRH 2R 14
¥4 0.56 T0/ kg, LA TR HIREL AN AL 4 PR, B E R 459. 84 {4TT,

R4 BRHBREWEBTZSUNE

Table 4 Pollution purification value according to different forest types

Wi H Item N L ES UNGEES PR HEARZ LN ZZS Bt R

: ’ Shrub Poplar Conifer Robur Birch Larch Mixed Forest
2l SO, #ir i

g — 0.60 0.12 0.56 0.68 0.14 0.01 0.16

Uptake SO, value/(x10° JG)
OB 441
e g — 20.70 10.39 318.14 56.95 16.07 5.64 29.68
Uptake dust value /(x10° JG)
ME
SE 21.30 10.52 318.70 57.63 16.20 5.65 29.84

Total value/ ( x108 JG)
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W PR B A R IR TR RAEY PR, LIRS GRS R G IR A B 1 ) SR
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Table 5 Nutrient Cycling value according to different forest types

i ltem LN BN IAVIEES e HEARZE (72N BHiEik
: Shrub Poplar Conifer Robur Birch Larch Mixed Forest
Ao~ El
IR N L) 0.215 0.21 0.271 0.164 0.74 3.1 0.897
N Percentage /%
H: i1 4 P I *
LA E P L) 0.033 0.046 0.034 0.018 0.13 0.74 0.194
P Percentage/ %
Ao~ *
IR K L) 0.206 0.134 0.157 0.328 0.19 0.29 0.22
K Percentage /%
ﬁi%fﬁ"’“%%ﬁf{ﬂ s — 0.2 0.02 4.7 0.2 0.1 0.06 0.1
Value in biomass/ ( x10° JT)
1% TR
i}éﬁ*mfﬁ{ﬁ s — 18.99 1.73 11.71 8.62 2.31 0.24 1.80
Value in soil “* /(x10° JT)
SN
B E 19.19 1.75 16.41 8.82 2.41 0.30 1.90

Total value/ ( x10® JG)

* M AR SR R U8 BB s MR R VA D) A g, LBk (v/hm? ) 5 BRSSO R 1 30 T AL 10T A B 5T ME A 2 A B ok
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Table 6 Soil conservation value according to different forest types

LN LGS FARAZE IS HEARZE N ZES anhi

i H Tte
A Ttem Shrub Poplar Conifer Robur Birch Larch Mixed Forest
i *
LI N L) 0.12 0.17 0.11 0.15 0.14 0.13 0.13
N Percentage /%
M *
LA P Ll 0.01 0.01 0.01 0.01 0.01 0.01 0.01
P Percentage /%
A .
LIS K L) 0.04 0.04 0.04 0.04 0.04 0.04 0.04
K Percentage /%
Wb+ HEAE 4
it j]?mﬁ'ifﬁ[ﬁ . - § — 31.2 0.45 24.6 15.9 3.7 0.4 3.1
Value of reducing the loss of soil fertility/ ( x10° JG)
A b L 1
B ﬁ]‘%#ﬁﬂﬁ § — 1.1 0.01 0.9 0.5 0.1 0.01 0.1
Value of reducing land abandon/( x10° JG)
e
RHE 32.3 0.46 25.5 16.4 3.8 0.4 3.2

Total value/(x10% JC)
w TP L4 N P K S BRI T AR B XV KR 3 R3S B SRR 5T A1 B 5 M B 2 M o A R e R O BF S 45 58 5 R
P MRS IMZIE B IR B IKETE BRI ST ST 45 R0 P49 TR AC B 72 R BRE MY - 2 1

3.6 HFFEKIER
TR 7 KR BRI e )2 B K AR I% 2 B KR 38868 7K 3 AT T KX 3 AT T A AR AR A
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Table 7 Water conservation value according to different forest types

T H Ttem LN LS LANEES S HEARZE NS B R

: Shrub Poplar Conifer Robur Birch Larch Mixed forest
BAA T AR SR K R
Water conservation per unit 2174.2 1665.8 2154.2 2216.2 3036.8 2562.3 2130.0
/(m*hm%a™')*
SRR
B E . 416.1 18.7 225.2 136.2 52.7 4.7 30.4
Total value/ ( x10° JG)

AR OK [ BRI B A A

3.7 RS hfE B R AR AE

1 3R HT AT LIS VRS AR AR AR S R G R S5 T AR R (2 2349. 4 42T ( ELEEMNME 358. 7 14T, [H]
B E 1990. 7 1250) , HA AL = B R 358. 7 4270 (15 15.26% ) , A5 DI REM (A 1425. 9 1270 (15
60. 69% ) , SZHFHIREMNE N 564. 8 1CTT( i 24.04% ) , SCAL T BE R £ BRI B A AT A% 58 . N ELIAR Y IR 55 2
REFE ARk E , AN 1 B, BT 7 e il K A 2 0 77 /K IR T i, vk e [T Rk R B D, B/ NG R B SR AE A T B
AR ZRARE BT, WE 2 Fi7R IS5 DI REAME /IR U SR - A2 S TE A S BRI SHEACE S TR AZ M 4 1)
S22, (AR NS PR MR BN E R, AN 3 FTR , K/MER YR A2 S FI S > HEAR 2K >
TRASMS BRI STE

IRBEEAL AR 7538 .
EIE 459.8 iﬁ{%ﬁ

T E 884
3587
1 EMREIEERBMEMRE/ (x10° TT) 2 ESFHRMEBMNEMAE (x10° IT)
Fig. 1 Value of different ecosystem services Fig. 2 Value of different forest types
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