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Abstract: As an ecological asset, ecosystem is closely related to human welfare. It is of great significance to evaluate the
value of ecological assets and quantitatively distinguish the relative contribution of human activities to the change of
ecological assets for assessing the effectiveness of regional ecological civilization construction, ecological compensation, and
natural asset audit of cadres leaving office. Based on the method of equivalent value factor per unit ecosystem area, this
study redefined the standard ecological assets value equivalent factor, and constructed a method that could quantitatively

distinguish the relative contribution of climate change and land use change to the value change of ecological assets. Taking
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Fangshan District of Beijing as an example, this study analyzed the change of ecological assets in Fangshan District from
2000 to 2019, and the relative contribution of climate change and land use change to the change of ecological assets. The
results showed that: (1) the total value of ecological assets in Fangshan District in 2019 was 17.714 billion CNY. The value
of ecological assets of forest, grassland, farmland and wetland respectively accounted for 82.33%, 11.76% , 5.25% and
0.095% of the total value of ecological assets, respectively. (2) From 2000 to 2019, the total value of ecological assets in
Fangshan District increased by 2.275 billion CNY. Climate change increased the total value of ecological assets by 2.689
billion CNY, while land use change reduced the total value of ecological assets by 0.414 billion CNY. (3) The value of
ecological assets in Fangshan District was high in the west and low in the east, of which the total value of ecological assets
in Xiayunling Township was the highest. The ecological assets in Liulihe Township increased the most, while Gongchen
Street decreased the most significantly. The past 20 years have been a period of rapid social and economic development in
Fangshan District. Due to climate change and ecological protection and restoration, the value of ecological assets has

increased, offsetting the loss of ecological assets value caused by the expansion of construction land.

Key Words: ecological asset; climate change; land use change; relative contribution
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Fig.1 The location of Fangshan District, spatial distribution of land use and the proportion of each land use type in Fangshan District
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Table 1 Ecological assets equivalent value per unit area

PR bR FoyiN i A< B T pi 2 SirtL
Evaluation indexes Forest Grassland Cropland Wetland Water bodies Desert
S AR Gas regulation 1.90 1.31 0.52 4.02 0.58 0.10
S AIHFT Climate regulation 5.23 1.97 0.70 12.58 2.34 0.17
KSR Water retention 3.24 1.92 0.55 22.40 21.33 0.17
3 W 5 soil formation and conversation 2.84 2.21 1.06 3.32 0.47 0.83
JEYIAL B Waste disposal 1.67 1.00 0.52 24.00 16.88 1.33
A ZFEPEL Biodiversity conservation 3.36 2.37 0.73 6.15 3.90 1.67
IR IR 34K Recreation 1.10 0.63 0.12 7.82 5.05 0.40
W P Carbon assets 1.00 1.00 1.00 1.00 1.00 1.00

AT B E(EW) Ry BHEMME S RHEMEZ A,
EW=EWI+EWD (3)
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Fig.2 Spatial distribution of total value and direct value of ecological assets in Fangshan District
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Fig.3 The spatial pattern of gas regulation services, Climate regulation service, Water conservation services, For services to soil

Formation and conservation, Waste treatment service, Biodiversity maintenance services and recreation and culture service values
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2.1.2 2000—2019 4F s 1l X AR AW ™= 1) A8 1k

2000 4F 2 2019 4F 2 by 1L 28 5% At 2 Pt A S B B, GDP 7E 20 AR EI3E R T 6.73 %, GDP 4 K
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Table 2 Changes in the total ecological assets of Fangshan District

A A 2000 4F/A2 T 2019 4F/4¢ 00 A/ TT
Land-use types 2000/billion yuan 2019/billion yuan Change in values/ billion yuan
FEHK Forest 128.095 130.050 1.955

Bl Grassland 20.912 21.390 0.478

4% M Cropland 20.564 19.934 -0.630

4 Wetland 5.051 5.526 0.475

K3k Water bodies 0.243 0.240 -0.003

A L Artificial surfaces 0 0 0

A1 Total 174.865 177.140 2.275

2.2 SAGEASALRN A MR AR AR s 1 XA 25 9% P AR AR A AR X BTk

1125 20 4F B L X AR R 7K 1 2R B A B in a2, At 1) %243 531124 0.33°C./10a 1 53.40mm/10a, FF
TP Bt 2 A K 38 A R PR B 0 AR AR Rk T AE S R G AR E R, R, A b i 545 28 A=
AT, WMEIL B 2.689 14T7C, SARAS AT ZRACRN 1 1) A= 2596 P AR AR STk B o, 20 Sl ik B 95.78%
H192.10% , +HbFIFHARLINEAR H V8 H ARS8 S R G A S T8 i 2L A, 4390 5Tk T 75.78% |
97.90% i1 66.67% , 1= HuF| FHAE AT 45 B 11 DX R g AR 28 5 = i/ 1 0.414 /27T (3R 3) .

R3 SETAMIHF AT ESESEUNET R

Table 3 Relative contributions of climate change and land use change to changes in ecological asset values

i Yo Y
FRMK Forest 1.87 1.378 0.085 95.78 4.221
Filh Grassland 0.523 -0.787 -0.045 92.10 7.90

4¢H Cropland 0.283 -36.256 -0.913 24.22 75.78

i Wetland 0.01 0.741 0.465 2.10 97.90

JKI, Water bodies 0.003 -2.518 -0.006 33.33 66.67

AV Artificial surfaces 0 37.411 0

A3t Total 2.689 -0.031 -0.414

(1) AE . B REN A AT 128 LE The amount of change in ecological assets due to climate change; (2)AA; L HuF| AR L H AL
Area of land—use change; (3) R, : M5 78 A6 %] DX 45l fifi b A= 25 %% 7 19 5K 2% The Contribution rate of climate change to regional terrestrial ecological
assets; (4)R : X X3 Bt 3 A 25 % P2 1) BTk 2R The Contribution rate of land-use to regional terrestrial ecological assets

2.3 2000—2019 4F 7 11 X 4% & BAE A B8 = AR A ) g
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A 5400, AR 120 S B3EE 15 A8 1 T oo 2 83E 25 4, il XU
BEATE RIRETE YRR 1T on, o B E A%, S8 3 T3 TT, X e I A AR AR AR R X, DA
R (K 4)

M 2000 4F % 2019 4F45 & GUER TR R |, 2 RIS SBE N, 21 1~ 2
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Fig.4 All villages ecological assets ( billion yuan) and their change in Fangshan District

H AR 5 A 57 L X 4% 2 3R AR 2550 R (R R BRI, A 17 A~ £ B AR 28 50284 U e
R £, K& mik & i TR S B LR 58 e i, AR XS STk ik 99.66% . A 11 2 HHY
AT AR R ARG T 35 R E AR S PR 58 B SR IR A AT OB K TE BRI R
& AHEBSE 7 A S B A AR AR AR 2R 0™ N . SO S S B A AR PR E HOA T o i A AR ™
R L ZE ek | M AR AT 20 A 2 SRS AR AT T e, Hop OGS | BRI IE A2 5 Bk Tt
I K, B R RO B3

3 e

ARG 2 1 X 2019 4FAE P2 MAE N 177.14 1298, 2 5 FI GDP 114 23.3% . S E %S E
3 [ 2015 4F GEP ZYJ2 (R GDP Y 1.01 %, "™ BT M & N Ak M A 2010 4F EAS RGR
AN 38.10 Ji4ZTT, 2RI GDP 1 94.97% , A5 3545 118 8 2016 4Edb 5T 4E K X GEP 2y 335.63
{076 ARFE AR X B R 3 1Rk 32 55 U B8 58k U ZE AR T 5% v A7 2 B i 28 5 M A BULEL
13.6 JC/t CO, , ITAEE  BRIETH M A& 1E 2 A Eik, 2022 SFHIE 4 EFKE 14.4 350, FiliH 2 2030 AR5k Al fiE
Fik 50 £T0/t CO, . FRILW] UL, ASHIGE R FH 0 58 20 A A% AH XA ARG, ol 452 B30 10 A4 28 8 77 S A {1t A X i
i, SO0, ARBGER T8 SE 2 i | 208 T 52 it B P B 58 2 T 3 M s 00 0t o, AR v A Tl IX sl A 25
PR A GE T AT L | TR 22008 T F TR A AR A X A A G PR AR AR R R MR, DSR4 o A A AR AR A - b R
FHAE AR AR XS BTk

GEP M35 M 22 2 H Wi 9 R B R |32 B A 28 7= S A B3 i (B R A T IX S S ft v, %
FURAE AT R e A, KO R 48 A FE SRR BRI A R T AR SR, RBI R A e Y A s B bR gk
) SISO ETER i S R 5T 3 2 04 T X 8% B B, S T A B A S 3 i e % S B E
SEM ISR f A5 R] DX 3R B 8 SR 0 T U PR AR X 4 2, 56 T B i ARV 8 24 0 R 1 18 R b o
A= S MRS (B 24 e DR 7 LA 224 B REAS DL o8 il X Sl B, LS [R) X sl =2 () ] bR, (F2, M K7

http ; //www.ecologica.cn



8 1 ERE AF AU L R AR A A ST AR A A BTRR—— L 5 L XAy 45 3221

L 45 2 A R GE RS (B AR TR 9 P 0 (A0 B B, BB R T % AR = HLE R R, N
REVENR S WA R 287 A 28 R G AR RIS B AR R R GRS A 228 R 32 5 g R 3R 1) 22 5, () B A v
A 2SR S5 A 24 5 PR 08 0 B R SRR WP AR AR 2R 0 P R (AL i A K, L2 SR e = 243 I IE . R
Bt B 2SR LI BCE A GEP D RE Az S iR 1) AR, B0 i AN DI R RIZRAVE S RGE T AES RS
WNTRSS AR SS AN SCAR IR 55 5 e fith e =2 1) ) 5 2R, AT AR AS B S o 2 A s 25 1 2 i R 7 3% ifF
— TR LS R B SR EERAT Lk

AR B AR TR FE AT b DX AR 25 SC B STl T BT AR ST T A S AMEE AL
il S A R el a4 A RIS Sh A AR sTk A R L, HATEIR )& GEP MR kiR Rk &
AR B 2 1 R R TC e NG S s MR T i X 48, AR 0B A2 48 R G i e 9 7= M (LA Sl s o
A SRS ANE Y 1T R T — D RRAE E it X SRS A RN - b 1) FH AR A A 285 7 AR AR AR T BTk 7
25, T RESS K A= 2457 S EPEAS A 45 5 5 BOR PR 5 8 AR A MR & 3271 T AR 28 S (B TN 1A 80 |
BRI A, Ay DR A 2 SO R 1 — R AP sR it 7HoR SRR, B LLAE 2000—2019 4FW11H] , i T4
VrAt S P R R i A R 5 5K, & S S 5 SR 3, 3 2% 20 4R @ S N T 37.411km*, 5
2015 4F B L XK & i FH LY 12.27 % , F 1 FH 0 3G 00 32 28k 5Tk H TR AR s /b ask 26 20 4F B LU X A
AR /D T 36.256km” , HoUR R /K ST AR /> T 2.518km?”, e i) T AR A Airvsi /b | L[] s 3 2 o L X T
SO R AE S R G SR W EERN, 15255 T 55 11 DA S SC B AR Y AR, AR b 1 R
Y BT 3 e s AR AR AR AR I T 1.38km?  JEHE E ARG N T 0.74km® , BT HBAG Y SRS B 1L
XA P= MAMENR> T 0.967 27T, FRARFI NG b 1 B A 338 Jin o 454 259 P= 638 i 1 0.55 4200, KA A AL ]
A AR =N T 2.689 1270, kIt 25 20 4F 7 L XA A B F= i n 1 2.275 427C, LT LLE Y S
FERAE SR S EHOE T I 5K s A 8B i . 73 b ARG A S i X A S AR Ak
1 A AR A A 25 5% P AR AR B AR BTk, (E A2 sl s i Bk 1= R AR (R AN iR AR B R 51
PMAEE M I FrE s R S BAE, T 20— 20 o 3 DI RS A 2 X 45 b A 280 sl v AR 2
RGP LT P AR AR X TR

4 @

ST AR A P | Zh A A A A BT A PG 51, 2019 4F By LU Bl o A= 28 R ge AR AR 08 7 B (E AT
SR 17714 427C, FRAR AL A B RTE H AR 2™ 0 ) o5 AR 2 08 ™= AN 1Y) 82.33% 11.76% \5.25%
F10.095% , 5 LLIFE 2000—2019 AFH ], A= 28 %8 7= BB E IS N 1 2.275 42T, & 2000 4 A 28587 S AN (1Y
1.30%

By ILAE 2000—2019 AFHAM] , th T2 ur st Sk & 8 |, Wb i 09/ oK, s b N T 37.411km* &
FH 7K 3 AR R s D A B L R AR S PR T 0.967 4200, {BAR 25 T Bl X AR 25 SO EES 0 AL,
ARG Hh [ AR BT R0, ARARRNE M AR A= LN T 0.55 41278, it 2 20 4R AR 0 A R Bl X AR
BT A AN T 2.689 1270, UL AE L 25 20 48 5 Ll X9 AR 28 98 7= iR R BN 3G T, < f
ARSI S RN T IR 5K B s A A B R

Gl X AR 259 77 G i AR A1, AR R B A AE PGS L0 X, R B 08 & A S e Pt , AR TR X A 34
M A H R 3 AR AR . a3 2% 20 4F G5 I X AR S W 3 K e o b 3 R SR BB Il A, Pl T i
Yok B A AR TEAR T X, B R ATE AR S N R
£ 2 3k ( References) ;

(1] [, 0, EVEIE, Juha M. Alatalo, 0%, T XISCR. 2 RS 54 ARG SRR RIS, FREIER, 2017,
32(7): 1100-1112.

[2] e, ESESITM . A5 JiES50E. SRR, 2017, 45(11) ; 18-22.

http ; //www.ecologica.cn



3222 JAE = 44 %

(9]
[10]
(11]
[12]
[13]

[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]

[22]
[23]

[24]

[25]
[26]

[27]

[36]

[37]
[38]
[39]

[40]

[41]

WOR IR, EHUM, EL0m, BRAR. ARG M ET A BB HE SRS A S AMESE B, s BB 2R, 2012, 31(7) @ 963-969.

XI58, WEH, S, ASREMSMETEAE I LI, LY, 2017, 45(6) : 64-68.

WIHE =, KF2, B Owk, RD4e, B4E, kIR, H&% EBREESEKR. S BEEFE 5SROI, £5%W, 2013, 33
(21) : 6747-6761.

TRuE ) ARER, TR, SK¥Y, ROUW, FITERS. STONFORIRHAE S RGNS I IEAL. EZS24R, 2015, 35(13) ; 4295-4303.

SRFLAK, SRR, XIT. ARG R A S R GRS I E PR ——LA 71 MR ZE BSR4 254, 2015, 35(13) « 4279-4286.
BEG, mr, Eam, AER, 24, 25, AP, BEEZ, 236 b E 2015 FERHES RGA 7 SEZEDR. HERER
2017, 37(4) . 1474-1482.

PRI, TR, KGR, GOk, RIRH . ACUHTIE R X A ARG AL 7 B E AL Sz k. K RIS, 2020, 27(1) : 265-274, 282.
WRIHAE 2, MRS, SRER. B RGAT SUE (GEP) BANFT—— LI Bk i A6, H8E 5 a8k %, 2020, 45(6) : 80-85.
BROIC, B, fA T, 2R, S8/VE. 20002015 AR IE L AR AR R GEAR S I (BN 25 Ak A28, 2020, 40(4) ; 1392-1404.
REZ, G, WA AN A S R G A" SH GEP AW —— AT 48 ). A= 2%4, 2020, 40(10) : 3207-3217.
Costanza R, d'Arge R, de Groot R, Farber S, Grasso M, Hannon B, Limburg K, Naeem S, O'Neill R V, Paruelo J, Raskin R G, Sutton P, van
den Belt M. The value of the world’s ecosystem services and natural capital. Nature, 1997, 387(6630) ; 253-260.

e, TR, BRE, HE, B METLRMNNES KRGS O EA D, ARBIRSIR, 2008, 23(5) :911-919.

e, SRR, SkED], BRSOE, 238 BTN mARBLE M B A S R GRS IME IR BGE, AARRIEAAR, 2015,30(8)
1243-1254.

e, SREZA, BEE, R, IR TPEARFHAESRERSME, AKREESMR, 2001, 16(1) :47-53.

Wi, AR, W, FREE, ZERUR. e AR SR N E PR, B ARTTRAAIR, 2003, 18(2) : 189-196.

P, OB, SKEW, BT, SFE. FEASRGEMRS MO, SRR, 2015, 37(9) :1740- 1746.

SO, SRR, PRRREE, TkEh. MG R AR 1 R AT E A, TR X 53R, 2004, 18(3) ; 28-32.

TRETNE, R, A, A0, R, KRBT 5 R EARCERMAE S RG RS M E R 28 FRIE. AEZR24R, 2018, 38(6) : 1952-1963.
RIS, XVZLE, AR, il Wi Ak it i AR 25 3R e IR 55 0 (B I 25 40 e R fiF B oF - b R P AR B8 g . AR 2524, 2013, 33(8) -
2565-2576.

XUKER , BMISC, JEAERE, ZdUEr. bR R ALY AR S R S IR 55 0 (BN S BT —— LA R 48 ). S ETIRESY, 2015, 34(4) : 691-700.
KA, wWl, Bk, BRI, #hTE, F4AE. 1988—2013 4F BT FIRJL XA M A [ 451 X A S KRGS M ET . %R,
2017, 37(2) ; 566-575.

XEHE , FH, T=J785. St PR X - b ) FH A8 bk A 45 3R 58 IR 55 5%
1597-1606.

Polasky S. Natural Capital and Human Well-Being, American Association for the Advancement of Science. 2011.

VIRl 48 R it . AR A AR, 2018, 29(5) .

Estoque R C, Murayama Y. Landscape pattern and ecosystem service value changes: implications for environmental sustainability planning for the
rapidly urbanizing summer capital of the Philippines. Landscape and Urban Planning, 2013, 116 60-72.

Sannigrahi S, Pilla F, Basu B, Basu A S, Sarkar K, Chakraborti S, Joshi P K, Zhang Q, Wang Y, Bhatt S, Bhatt A, Jha S, Keesstra S, Roy P
S. Examining the effects of forest fire on terrestrial carbon emission and ecosystem production in India using remote sensing approaches. Science of
the Total Environment, 2020, 725, 138331.

BOUSCHE , R ST R ) 2R R DU 23 AR A 3 —— DAL ST 7 L XA ). SRR, 2018(4) ¢ 196-200.

Cao M K, Woodward F 1. Dynamic responses of terrestrial ecosystem carbon cycling to global climate change. Nature, 1998, 393(6682) : 249-252.
Cao M K, Woodward F I. Net primary and ecosystem production and carbon stocks of terrestrial ecosystems and their responses to climate change.
Global Change Biology, 1998, 4(2) . 185-198.

Gu F X, Zhang Y D, Huang M, Tao B, Yan H M, Guo R, Li J. Nitrogen deposition and its effect on carbon storage in Chinese forests during
1981-2010. Atmospheric Environment, 2015, 123. 171-179.

TRIEAR, PESh, BUED, XIS, PR i L DK 53 R AR 25 32 B HO S s Ak iy i . A= 2523, 2016, 36(6) : 1515-1525.

Gu F X, Zhang Y D, Huang M, Tao B, Liu Z J, Hao M, Guo R. Climate-driven uncertainties in modeling terrestrial ecosystem net primary
productivity in China. Agricultural and Forest Meteorology, 2017, 246, 123-132.

Gu F X, Zhang Y D, Huang M, Tao B, Guo R, Yan C R. Effects of climate warming on net primary productivity in China during 1961—2010.
Ecology and Evolution, 2017, 7(17) : 6736-6746.

He H L, Wang S Q, Zhang L., Wang J B, Ren X L, Zhou L, Piao SL, Yan H, Ju WM, GuF X, YuSY, Yang Y H, WangM M, NiuZ E, Ge
R, Yan HM, Huang M, Zhou G Y, Bai Y I, Xie Z Q, TangZ Y, Wu B F, Zhang L M, He N P, Wang Q F, Yu G R. Altered trends in carbon
uptake in China’s terrestrial ecosystems under the enhanced summer monsoon and warming hiatus. National Science Review, 2019, 6(3):
505-514.

Zhang L., Ren X L, Wang ] B, He HL, Wang S Q, Wang M M, Piao SL, Yan H, Ju WM, GuF X, Zhou L, NmwZE, GeR, LiIYY, LvY,
Yan H M, Huang M, Yu G R. Interannual variability of terrestrial net ecosystem productivity over China: regional contributions and climate
attribution. Environmental Research Letters, 2019, 14(1): 014003.

Yu L, Gu F X, Huang M, Tao B, Hao M, Wang Z S. Impacts of 1.5°C and 2°C global warming on net primary productivity and carbon balance in
China's terrestrial ecosystems. Sustainability, 2020, 12 2849.

Gu F X, Zhang Y D, Huang M, Yu L, Yan H M, Guo R, Zhang L, Zhong X L, Yan C R. Climate-induced increase in terrestrial carbon storage
in the Yangtze River Economic Belt. Ecology and Evolution, 2021, 11(12): 7211-7225.

YuL, Zhou BT, Xu Y Q, Zhang Y X, Gu F X. Projections of the net primary production of terrestrial ecosystem and spatiotemporal responses to
climate change in the Yangize River economic belt. Diversity, 2022, 14(5) . 327.

Hutchinson M F. A new objective method for spatial interpolation of meteorological variables from irregular networks applied to the estimation of
monthly mean solar radiation, temperature, precipitation and windrun. In E. A. Fitzpatrick & J. D. Kalma ( Eds.), Need for climatic and
hydrological data in agriculture in south-east Asia. Proceedings of the United Nations University Workshop, December 1983. Division of Water
Resources Technical Memorandum 89/5 (pp. 95-104). Canberra; CSIRO, 1989.

Zhou P, Zhang H J, Huang B, Ji Y L, Peng S L, Zhou T. Are productivity and biodiversity adequate predictors for rapid assessment of forest
ecosystem services values? Ecosystem Services, 2022, 57 101466.

http ; //www.ecologica.cn



