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Abstract: The forest-grassland ecosystem in the middle and upper reaches of the Yellow River has important ecological
service functions and is the key ecological foundation for the sustainable development in the basin. Calculating the value of
the forest-grassland ecosystem services functions in the middle and upper reaches of the Yellow River is of fundamental
importance for grasping the ecological asset reserves and promoting high-quality development. The environmental conditions

of the middle and upper reaches of the Yellow River are complex and diverse, and there are spatial differences in ecosystem
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service level. Therefore, it is an urgent problem to accurately assess the value of forest-grassland ecological services in this
region from a micro-scale. Based on multi-source spatial data and spatial analysis method, high-resolution accounting and
spatial pattern analysis of forest and grassland ecosystem services were carried out. This study integrated use of remote
sensing data products, meteorological data, ecological statistical survey data and other multi-source data. A Tkmx1km pixel
scale forest and grass ecosystem adjustment service function value system was constructed by referring to the existing
ecological service value evaluation norms and literatures. This system overcomes the limitations of traditional statistical
monitoring data in terms of accuracy and pixel size, providing a basis for systematic and coordinated regional ecological
governance. In 2015, the value of forest and grassland ecological service functions in the middle and upper reaches of the
Yellow River basin was 1.90 trillion yuan, of which the value provided by the forest ecosystem was 1183.31 billion yuan,
the value provided by grassland ecosystem was 716.46 billion yuan. The high-value areas of forest and grassland ecosystem
service value per unit area were mountains with good hydrothermal conditions in Qinghai-Gansu, Shaanxi-Shanxi; The low-
value continuous areas were widely distributed in the Loess Plateau, which was closely related to the natural conditions such
as the forest depression, grassland coverage, regional precipitation and topography. The values of six forest ecosystem
service functions were mainly distributed in the three regions of Qinghai-Gansu in the west, Ningxia-Inner Mongolia in the
north-central, and Shaanxi-Shanxi in the east. The service function value of grassland ecosystem mainly presented a spatial
pattern of “high in the south and low in the north”. In the ecological protection and high-quality development of the Yellow
River Basin, we should pay attention to the ecological service function as the basis and break through the boundary limits of
the administrative region to establish the ecological product value realization mechanism and enhance the value weight of the

ecological benefits.

Key Words: human-land relationship ; forest-grassland ecosystem; ecological service value; the Yellow River Basin; high

quality development
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Table 1 Forest and grassland area by remote sensing interpretation

i it Woodland Bl Grassland

Provinces whe ki mie e air gwn TEE PR &t
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TR 6804 816 451 72 8143 2462 5523 4263 12248
S Total 36848 47982 16511 3204 104545 79839 172227 123783 375753

(4) SR8 M A . P B SR E085 M (http :// data. cma. en/) FRBURF 5T X 2015 452 H 1 31 0 38
P2 A I 51 B Tk B TR Kk U T B A F B
Ao B S X DL ARG R s AT 8 v A A IR R YT, 19 8] Tkmx Tkm 3 FR SR MG Sicdis .
A SRS B A YR T 3 N 3 0 s XK BE VRN IR G A S R ) Bl B A ST SCRk R A D s e SR
L % S SRR W B 77

2 WRFE

2.1 A SRR AR

g G R A A R G AT SR S R GRS TRV RLYE , R T M Ak vk T E R HL
SIAG AP I EE S R LR A AR R A S R G T IR S5 T RE M B AR S R GRS DB
S HNEY ) BEEUR SRR IR 7 LI BB R B RS YR S R AR 2R 6 TR S5
Uife g MR IR R (£ 2)

FAE S RG RS RS H T AES RGN HESR S REA 5T S BUR SR K IR | e HE | R4
BERYBRE IRBEEE 5 BTG . AWAMER AR AR (1) —2AK(20) , HHESHE| A (MK
BRGNS DIREVTAL G ) LA SAH I SCHR, JEH BEE S EOR IR T - MR BB 3 8% b 50 DAL R B0 48
THECE . X Je ik A BE A UE A S50 52 A NPP #idi 45) F 8 B2 AR A5 A s
GBI LA Thmx Tkem (R 248 ME R S5/ NMPAT ROTHE T IME R AR 2R TFEEE AR SR E A E
FEPER I I (B AL S TEARMAE IS R G, AT ZRARBI 17 D1 LA B R 1l 2 55 ) et e D REEA T (B A 5.

2.2 RO RGBS HCK
221 HIRET IR

PR B A 28 R GBI A 7= 91 (NPP) 26T 2015 AR REHEHE 505 3 5 Wi B, 15 56 2 7 18 4544

HEACRER B R 8] R AR,

NPP = (FPAR x PAR) x (&* x oT x oE) (21)
( VI - VImin) ( FPARmax - FPARmin) (FPARma‘( - FPARmin)
FPAR = : + FPAR, (22)
Vlmax - VImin
PAR = 0.470 (23)
Q =0Qy(a +bS) (24)
Q, =0.0418675(c, + ¢, + c,H + cse) (25)

http ; //www.ecologica.cn



i

2

%

7834

SRS LIS P R T B ek
D B A B b0 WA LI T e O H TS T GO

(1)Cdx'0) X x (v=-"y)xs =Wy

S WL SRS Y R S T :
o A BRI R B A R TSV SRR T BRWMEL Y 1) Hx D)/ V- V) xS xd = 4 !
I X YA R S WXy W & d B T e A
IR, 'S S TGN N B S
) ML GG R SRS SO T T T TN e G0 M Y B T S ML O M Y (€1) XY X[x§x"dq= Ty "
B 3 G e by 22 XMERC L YT " A T ek b T i ¥4
os 8 H S I M7 (T ) . E g x g = Wy °n
6 W = I T ol B VS T b W %0
. PN (1) o Wy g L = ¥
T A SR I T o B #O * P 3l St on) ey = g
A T T 0 TR T B S S LR Y o
. . o AR Y TR W F S e (6) (oxx's g ="
EWE (o 0 T IR AR z ’
o) BRI (o0 SRR S8 TR T BT ~7 (TR ) BHIRE L [ 8B O S GH R Sh s T 56 60 'Y HI S oy ; n
GUH B Y W 0 B H W L T ER (8) N ——
FEGLOWE PO TS Y BN S T Y0 o y
x (009 - *0) = *n
, . N RO d i N Coa
Sk g T LA AT e e 2 AN ) 0 L g s (N x W = ¥p n
o NI s d e W Wy b (v X
‘ T ] T A T o
N + Suruumy® ST = B . L (9 dg g Y61l = ¥ ,
IR B TR AT g TS TSRO0 T B w0 S K
W R PRt v s s 0 s *n () G TSR =
S O L g Sy L R0 . ,
; (v Cdx'D ('x - %x)'s = "
oo B HR S MRS M LT e Ry L S WD IS T WO O [ v " VNQ 09
W ORI MR MG MR (W) S T T S 2 T S T R () e ¥y = Ty
WEEAT WA Y B I WA 0 T R T Y- s
SO O YR 0 e (9 - 7 - d)'s ¥ o = W¥g
SR T T SR G T ST () MGy 0 0 T SE Gty B0 7 TN Gy by B d YRS T o o0 ,G- 4 - d)'s M or = g N
WS T YIS T A D BT S B RE T N h
92IN0S I9}OWRIR | uondLosop IojoweR g B[NULIO | uorouny
Y MR HMOEZ YA Wi

ADIAIIS WIIYSAS0Dd pUR[SSEIS pue JSAI0J JO uopen[ed 3y jo uondrsap Jjourered pue enuLIo

HMBeY EVHHERUBPELSWHESTEY X

¢ 9lqeL

http ; //www.ecologica.cn



7835

pue[sseis jo onfea uoneoyund [eyuowuorauy Hj 1 M 4 2y Jg T € A pue[sseis jo onfea uonEmWMOdE jusLIny
HG S i [ S 7 A {pur[sseIS Jo on[eA PIsea[el UISAX0 purR UOTIRXI] UOGIRY) HJ U s 0 ] T € | ¢ puB[sSRI3 JO ONIBA UOTIRAIOSUOD [I0G H a3 T M ¢ A ¢pue[sseid Jo oN[RA UOTIRAIOSUOD 98 M\ H
&N%E»mﬁﬂ I A :mcp& JO 9N[eA UOTIBAIISUOD mamcmmm @gﬂwﬁvt,tw&#mﬁu_\*wﬁ wb Jmmhcm Jo anjea :cﬁmom.::m TBIUDWUOIIAUD mamsmwcﬁﬁw ggﬁ%m,w\%&v%\%ﬁwﬁ mb Imm:cw JO On[eA UoTIR[NWNOOE JUILIMN] @gmﬁ@_ﬂ

5 BRI L AR R A 2SR Y R 55 D REM AR

19 4

%MW\W\%%&M@ vb £18910] Jo onyeA paseo[al ua3Lxo pue uonexiy uoqier) @L@W\HM%%EV_\*W_\M mb £18910] Jo onyeA UOTJBAIISUOD [I0G @,gﬁm_u@w KE\U_N%M Nb £18910§ Jo ONJeA UOTJBAIISUOD 191 A\ @gm\\\vﬁ%ﬁxﬁmm\w _D

YA LAV IR S Bt 5

=1
BLE MR, o ' (02) (dx'n)yxsE ="y g
o R IRIIT o et 6D TSI xmxsg 4
CHLGEGHEDC d B ok
Wt b 'S CHGG B NS00 N Sop T A 'S OISR (61)
o S B G T M 5 b T B0 FTA GG 4N TS ] Cax S+ "dx"S)xdIx gxg =iy A
HAGE NN d B M R W D R BEICN B (81) (“dx D+ "d x D) x ddN = ¥y
T st B "D TSP SY O e B S OO B B M I s B A
TE- 2 AESE L L R P 7 ES RO TG LA d ST T W A Y TG (L) ddN X ‘d x T = %A N
2 (op W LT RGNS I R R O DT Bt Gl T A ddN S 0D TR G A d E G R T e L A (91)  (Sx ¥+ ddNXT91) x °d = ¥y
90IN0S IQWRIR | uondLosep I9jowele g B[NULIO | uonouny
SN HAOGZ M %S Y7 Wi

http ; //www.ecologica.cn



7836 A E = 2%

- 220000 + 710( Ty + 273.16) . '

Tr=[1+ 26
o =1 +expl 8.314(T, + 273.16) (20)
17.27(T - 273.2) 17.27(Td - 273.2)
E=0.611 —e 27
7 B Ty A LS VN TS TR (27)

K, NPP I ), FPAR R BT O &8 RCE T B, PAR S 315K MR BOGG A R 5T,
& MY OCRER R ARYE Running %5 XA AR ILE X B b ARSI S, o e KOG RE A %
HUE 0.608g/MJ, FRAMIUE 1.106g/MJ; o T IR EEXHHY A K A2 R 5L, o I RKAK & XY A K 1
SN 20 FPAR ARYE L (EAE RS B (V) 15, FPAR, =0.950, FPAR,. =0.001"2 Vi F VI . 53512 m A
WhedRe R AR/ FE A A e 452850, VI i NDVI 353 PAR 2486 2 000 F 4 WS 1 K BH 0 6 v ol 4 28 037 4 04
RARS AR G iERE i, Q M KPR ST, a A1 b 2 H A (ML a=0.248,b=0.752) ;S S H BE 4%, A H I#
H o R BARAREAR B Q MR KNG R SRS, LG B o 3 B H ST KRR e A AT H, ¢) o)
o NE R BUE S WG 5 o T i3RI T #20(26) 1A oF fiti IR (27) MRS, Td
Shy 3 b 6 R
222 TIEERMEHGHA

TR MBECR T A MR AR RE T LIEME T EE S B R RO 7R I A T b 7 55
SAFF (B ) B £ R o B+ HE R S BUR BESE A RSB 5 4 F P R b THRA SR,

A=RXKXLXSXCXP (28)
R =0.043 p"° (29)
S =10.80 sinf + 0.030 < 5°
S =16.80 sinf — 0.505° < 0 < 10° (30)
S =21.91 sin — 0.960 = 10°
m = 0.5 tanf > 0.05
A mim=0.4 0.03 < tanf < 0.05
L=|-—— (31)
22.13 m = 0.3 0.01 < tanf < 0.03
m =0.2 tanf < 0.01

X, A AR LR EOE R SRR RN JFl e (I A S A5 g ik i AR (29) 1L Kb p o
AR i R e (mm ) | AR A RO Pl UG I R B S TR A B KO BT e R B A
WUME 0.2519; LS Ry H B e I8 AR B 22 & 4507 R B9 05 1, T DEM 3¢ 18 5080 AR 416 232X
(30) (31) 35, b S WS RE N T (T4 5 L A3 N T (TR 5 0 93REAE (°) 5 A KPR (E
(m) sm RPRAIRE (TR ;€ HoMe 3 7, b B s e TR B B s e S 2% 1 B 5 My
B PR LRI BUE S 11

3 ZBREHS

3.1 MFEAER RS IRS DIREME

2015 AE A L IR AR A R GE T RS I RE BN ELY 18997.69 4270, B I AU AR 2 R 58 ™
AR IR S TIRe M E iR 395.54 J770/km® . BEAT F5R 45 5 WoR , B0l LU GDP Bvit o 6.95 1L
JC MRS RGEME R ST GDP 14 27.33% , FRMAD RERAAHEFKIR AT 1 R
SEFYI ALK AR 2R S IR 55 DI RE M (6 11833, 11 424.TT , B Aor ARk I FR A i 1ty
1131.87 Ji70/km*, HHA S RGEAAE AR FRK IR | 00 5F | AR B4 B IR W IR B IR B AL R 52 %
fiff A HLIUIR 55 DI REM (BN 7164.58 42TT( 3% 3) , B0 REHL T BN 5 190.67 T3 70/km* . FRMAES RGEM A
Wi KRR E L HEIEE (6756.10 1270) , /D FUR B =Y T U)RE (273.35 {270) , #r ifi 22 02

http ; //www.ecologica.cn



19 HBR A B R L bR A 2 i A5 DI REAN (A 7837
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Table 3 Forest and grassland ecosystem service values and components in the upper and middle reaches of the Yellow River in 2015

BMAESR GRS M A EHES RGNS RN
Value of forest ecosystem service function Value of grassland ecosystem service function
g Wit Aeoe /% HiE it feoe /%
Function Value Proportion Function Value Proportion
|
RREFIT 273.35 231 HRUTIL 2667.75 3.4
Nutrient accumulation
%
FIRRER 70118 5.93 R 417042 58.21
Carbon fixation and oxygen release
i , 644.72 545 EE St 113.85 1.59
Water conservation
e
I i% . 6756.10 57.09 T IRTS 182.46 2.55
Conservation of soil
N = \ist
@Wﬁﬂﬁ 1706.54 14.42 FEBTHEL 30.10 0.42
Purifying the atmosphere
i%%#ﬁ{%?ﬁ' . 1751.22 14.80
Biodiversity conservation
/N Subtotal /{276 11833.11 M 7164.58
A1t Total/{Z7T 18997.69
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Fig.1 Spatial distribution of total value of forest and grassland ecosystem services in the upper and middle reaches of the Yellow River in

2015
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Fig.2 Spatial distribution of total value of forest ecosystem services in the upper and middle reaches of the Yellow River in 2015
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Fig.3 Spatial distribution of total value of grassland ecosystem services in the upper and middle reaches of the Yellow River in 2015
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Fig.4 Spatial distribution of functional value of forest ecosystem services in the upper and middle reaches of the Yellow River in 2015
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Fig.5 Spatial distribution of functional value of grassland ecosystem services in the upper and middle reaches of the Yellow River in 2015
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