Hd6 % S e SNES|

2026 4F9 H

JOURNAL OF DESERT RESEARCH

> i
A Vol.46 No.5

Sep. 2026

FEZE RARA B H T, 45 A RFL SRR A A5 R GUIR 55 DI RE SRS LRI [0 . b Vb, 2026, 46(5) : 1-10.

TR A FIRES R SRS IIEE
R EBEIH

BOE REE, AT, AR, TR, BA, War

(LR E B2 B P A SR BRI TR I RIS 3, HR 2290 7300005 2. EBHEBE R, Jbat

100049; 3.5 /RZ MRSk &R duey, WSl SFRZH 0170105 4. At K,

BRI ME/RIEE 150030)

TR RN AR RGNS RN & 2 WA A 2R 5 04 £ B 7 1], 14 24 B9 07 1k B FH RN I i B e A S R 4
fR55 THREITAT 9 EERT . A SCR FH InVEST #E7FT RWEQ AL 43 43 T 1AL S b X K P % | 3R E L o XU
b R BE ) AN B R AL 2 R SRR S IN B, RN FE ArcGIS BRI i F PCA LB 301 T <7 IR 45 ThBE X 4545 IR 55 3
RESZM AR AL . S5 SR R . R IR IR S5 HhAE as A1 ME Jr 5 B0 A2 p I 1A A b 550 2 0 22 S5 001 2 VG pi 7 el ) X T A ol e
WIS R, 1990—2020 4, 23K IFHFE I RERS N T 6.267 mm; T4 AREDIBERS N T 0.320 t-hm™-a™'; B KL
YL IHEEREAN T 1.598 t-hm2-a™; FBRAE ST I AN T 0.684 t-hm2-a™ s AL BE B IHAEN AN T 0.062, PAMEZS RSN
55 DIREXT LR G IR 55 DI REIT-Mh RSB MLTIAE AR RAE Y A BT 22 3] . 1990 4F , i K IWFRA-AE A (PC1, 64.31%) H [ i g
SR A B R T S R A VR (PC2,29.78% ) i B KU VD D RE T SC L , e BAAE BRI 2B B8 28R vE RN Bl VR T
TEUE TIZAFAE B RGR S DIRELRB7K T 2020 4F , s R IFEGAE T (PC1, 65.52% ) i B RUE D D g B £ 4, 1
YA EF (PC2,28.72% ) A B8 S it DRI S B, R AR VIR T 1 BE AR SR Z AR PR B e T AR E S R GRS DI BE
RGO a2 304, ML S R GRS M LIAEBOIR I A 85 ARV Ry 32, 3B A JE R LB VAT IO X —

AR I NS B0 A A5 R GER 55 D e A R TR

KA AT RS ; RS TIREFEH ; InVEST; PCA; T RFL

XEHS: 1000-694X(2026)05-001-10

FESES: Q148
0 35
BRGNS e RTE S R g0 o g5

3k i 1) Nt 2 B AR 118 45 o L A 1R 42 11 9% U
fey AT RIS ARk B 4
BRERBE M)A H 3508, 3 T4 B R G R 55 D aeT
M DX IR R 558 IR AE 2 BRIE B N AR B T T2 .
25 R GER S5 DI RE MR & 5 7E 20 TH22 60 4R AR 4R
o, BERGR S R G AL SR BT .
B T 9% TR AR A BR IR S () UM, A28 R GE R 55
WS AW B AR . FRRE THAES RS
b R A e A P N VIS |- S 3 e~ (R N
22 N T [ 28 RO AR 25 R G IR 55 Thifg
R A RSN 1 B2 A s S ZS) e I B S SR

i EHA:2025 - 06 - 22; BEIHHE:2025-09 - 29

DOI: 10.7522/j.issn.1000-694X.2025.00241
XHARER: A

B RE R, R RS T] X AR A8 R G IR 55 e kA T
PEA A BRI 3E  RICH AT AR I 55 b X 7Y
RO LR, mAER RGNS D REA] LIS
NS RGNS S NS SR, 18 T LA E
Al RE SR kR UK B IR R F KPR . Costanza
FYEEREY RENRERAT 2RAES RS
55 W 2 B A, HAE EERIER NG R T T2 %
o oAb, BN A S R GEIR 55 DI REDE B 58 8
TR IS 5 o WS I s R L - A 3 RS
T X,V 22 20 38 R PSS R S o AR S &R
Gl 55 DI REEAT T IR ATEAL FHT

HEAESRG RS DIRETE M ik b B T B
o FH 2 A E BRI 5 B, Ho InVEST B AR H
A PR bzl 69 TR BRI RR A

BRI B - RS T HE L (2022EEDSKIXMO004-2) ; [ 58 A SRR} 3430 H (U2443223,42271018)
EE R/ 42 (1986—) , B, IR , BIWFFE 01, WF98 07 I A AR 25 543538 B E-mail: dujun2012@lzb.ac.cn



) 0

[

VPG AE K IR IR A i R 2R RS
FEW ) Z R A2 R GRS DiRg , - i 2 (8] 43 BT
NS RGNS B2 [ 43 A REAE . InVEST 525
(4 I FH AR T T A2 25 R Ge iR 55 D RE DTt 1)
PE B REPEAG ARG 58 T AR S R IR S DI AR
b, DT A 3 34 B RITRE R 2 (e 5 S 15 o bAb
R T HA Z A 2 R GRS VRN 51, i) fn ik
T N G B RS AR 2 M L et
X RORUBE A= 25 7 40 M 55 D) R E A7 4[] BF A A1 7
D R0 R A A A R 5 3 SR A R PEAL i, Tl
LR 4 T b T I A S R B IR S5 T RE 1) B s AR
AL B IR S o A BT A A VLA S A L X
WEFE R, WF I A ALPEAS T 38 385 A 7K 5 i 5% 1
g, 4B T A R AR fh A AR A S5 2 G
WS RGNS RERIE M HE T RS
RGNS Yrae 2 2 L oA AR AR LR A
WS R IR 8l s AR S R G R 55 DI Re R B B Y
b as 28 57, U HORAE KR 37 K AR FR Rk fifh
Y T E LS NS TR
Mo XA TR E AL 2 TR B R K R B AR
Ti1) VY 38 9 B, A A A A R el G D T
DX A 55 U0 RN G R B T DX A BT 1 - 4%
AT PRI o A DK IR A 0 B A XL A
FF 2 A K PR 5= L B KR 7D K R RS
T AE 25 R 55 D BB A 98 A6 2 T 5 i XA B4 AR
FER

BRI I, AR S35 B 1990 4F- 1 2020 41 A 4 AifF 7% i)
BL B InVEST B AUE By 20 b1 T2, [ i 455
RWEQ #5715 18 J8B AR 55 73, % R AL S b X A=
BRGNS DIRE POK IR SR | EHEORE B KU
[E5] ik 1 77 R A B8 o A5 5 S TR A T LI RN 2545
fili o PB4 0] N ORI AE S R GRS
Titiezs (B A% s 5 AR L A ; @B A S R G0 IR 55 )
e SR B RS TIRER A HLH] . S SRy XA
TRERR TR A 0 ORI A B R A A

1 MREK

ARG X Ry N 5t R AL S8 T 88, 154K 900~
1 600 m, B ALl 1.02 77 km?, 35 1 I3 AT
FEENBAFLAL S 10 45385 ] — 2% 57 3 i 8 (&
1) FE B I 32 2 0 g 70 v A A e X i A
TR | S AT S VD B VD A R A B E AR B
DA K b Bt BT TR A N T T AR R AR A A

109°E

40°N | 4 40°N

IR XA
O+RABRELR  KIDHE
ﬁtﬁ,ﬁ%‘ﬁiﬂ%ﬁlz ?#%F\mﬁ?ﬁ X

109°E 110°E
K1 W XA
Fig.1 Location of the study area

B2 AERE KA 200~400 mm, [ 28 18] P4 33 R, K
EREREZE HE KRR WX N6 A Rl
K 742 X R A2 X, A A S R A
JfE 55 .

2 WIRFE

2.1 HIER

A B 5 ) 22 AR AR AR T AR T 1990 4FE I
2020 41y Hu R G U A S A S R R
+ #b F] FH R HE R [ Landsat 3% B2 A%, 1990 4F 4
Landsat 5 TM 521% , 2020 4F- U] 5% A Landsat 8 OLI 3%
16 T8I 515 AL P (A 6 8 5 R OE R AR IE A
JUMI RS TE A ) DA S W8 432, Ot DL H WA B8 R4 T
K BERGG , SR BT ST X AE 1990 4EF12020 4F A [7] + Hb
FIIFHZER )28 [ 3 AT O (3 HEE R 30 m) . G4k
P 45 AF K B AR P 2 SR AT AR ZE T A 4
B, T FE ARG 0 1 H RSB 5t
TEARAS , BE IS T BIF 5 DX PN I8 320 09 AR ik 3k 4
L. RIEBRA Bz [ 2 5, R
2 B IR (IDW) X4 B 2547 T 23 [ 46 {E
AF A Ay PR N 30 m By A ) B LR AR
TEREAWF 58 DX SN (38 P o b R B8 i £l 56 [
Hi 5 A R (USGS) #2485 9 SRTM DEM 4445 (30 m
SRR AE ArcGIS FREE PR BE 3 1) 45 P
T, AR IR SR R R A S R RS TIRE
TEM P A0 L Al B 2 15 o I BIR AL FE 2 AL
MRS A HLER SRS S AR R R T E
R E R s I . A A3 ) ERAE (30 m A3 HEE) A
G5 — bR e, WA 5 X 3 - SR RS A
—EME RS AS R GRS DI REVE AN P HE A
R



555 Fe FEAE s A RAL S A A R GRS DR S A A HL 3

22 EEAE

AHFFT 3B K A InVEST #580 Jz RWEQ #5170 5k
X AL S AR K R L SRR (B KU T
A 5% I A [ A BE 0 A AR A IR 5 T AR AT T
FEPPAL 2 SRS P A — 105 0 ST E ArcGIS 26
Bl A A VA T
2.2.1 JKiBEIFRINEE

FIF InVEST #5578 1 () WY (Water Yield) 155 5
TR K IR TR T RE , I B I F oK & P ik, %
JEAS T R FH 28 )+ 08 i M Y 25 1R S B Pk, 456
P ZEZR HDRE B 7 S5 7 04T
AET, )~PX

S o KA BTG 5k L R SR Y, R x
AR AR K s AET, A x b 3 A
J B SEPRAEZE T s PO x BUAEREOK B, DG T
KR A A TR T 2 AR R R K R R
R 2 SR (25 ]
222 TEERIFINEE

LR FED AR TS B InVEST 5% rf SDR
AR R S B, BE A T B O B b 1) VA - HE AR ki
(SE, )k 25 9t 78 56 10 S B 3R i (SE, )™

SC = SE, — SE, (2)
SE, = R-K‘LS (3)
SE,=R-K-LS-C-P (4)

AP SCH IR R BETRR SR F 5K R
MR Pl R LS S A R B R C ol A
B H T P R T
223 BAREDIhEE

ARG R I IE 4 XUt A (RWEQ ) e 1155
AL ST BT XU P R 55 o o, AR B AR 2 RS
fige FEAE IR A SR LA B DI 41 &
) A At i 55 0 7 T O B S B AU
ZERA E B KU VD T e AR Ak 2427

SP = SLP - SL (5)

2Z (z)
SLP = 72.QmaxP'e (/Sl) (6)

Sy

QmaxP = 1098(WFEFSCFK/) (7)
Sp = 15071(WFEFSCFK!)_O3711 (8)

27 )
SL:F.Qmax'e(%) (9)

0.,.. = 109.8(WF-EF-SCF-K"C) (10)
S = 150.71(WF-EF-SCF-K-C) """ (11)

A SP Ry B T FR VA 5 S VA KUl i 5 S, R
SEBR R 5 Z R AU B S 5 SP R T S e K
JE SR ; 0, WIETEX I i K% iz
5 0, H PRI e KTz 5 WF R SR - EF
by e AL b KT SCF Ry 345 e N1 K Ml
FHURERE N1 C MW 25 I T .
224 4IEFRETHEE

ARG R A InVEST B8 i) HQ A B 1145 1
AL S TR 1 A B R 55, I R T R
IF) -l 6] JFE 288 TR0 f v Al D e A R
HZERANT[0, 1] (E#R, A58 i il

D3
Qy=Hy\l =5 (12)
o D+ k
R Y
Df - ZZ Ra)r ryirxyﬁijr (13)
r=1y=
w,
d,,
S —

K. 0, 0 LR ISR j rhdibAS x 19 A 55 Bt s H,
R j A BEAE ELRE 5 Do j R x BTS2 UK 5 kRt
PO H B 2 VA — A B, 38 R BUE 2.5 R/r 38
PRLF- 5 Y, o e DXL 7 T o BEAR 5 oo, o W 308 BT A
By B E R, SR H 0B 1560, o y Y
r 0 x B IERE K 5 82K x B AT IAPEKSE  BUE L0, 15
S, R % r B OB BUE [0, 1]5d, x5y 2
FEES s d N r B RS BE ES . AS SO O T e IR 1
Fo 45 A R 2SR 30 PR ) SRR RS Y B o 2
O SCHREE R
225 [ElRRBENTNEE

AW 5T 2K H InVEST #5% 74 1) CSS (Carbon stor-
age and sequestration ) B e T35 1 K AL b i Bk
[E] Bl BE 7, A5 B rp OC Tl fidf 2 (35, R AR 8
KA R E (R A= b R A | R AL
BT FBE T2 A HIL T ) >k Ak B B I A AE TR S5OU Y
i

Cit = Capove T Chetow T Cioit T Cgeaa (15)

K. C R B i 5 C,, R HE_EAE VIR 5 C,
S HLE AR At C N A LB A B 5 Cu N
TR HLIR i 5 X T AL 47> 0 5 i 2 i I 1
SHEOHMFRER,
22,6 ZEITEHM

TERIGUIR 55 DI REVE A i S AE L, SR A B



4 i v 5% 46 %
AT A RS NRERIT . ARABRGEMS AP a b IXCEA B AR IR SR D RE , b 74

TIIRE (1) T AR 8 STk 0 % FAT 4315 0 0 B A
PEATIRAEL , K U A 5% 3R KR Bl XU VD AR B
it [ Bk BE ) 19 AL 43 0 o 0.25.0.25.0.2.,0.15,
0.15% TR AN S ARSI 7 3R A BF
PLEZRG PR R 48 B 09 3 — A0 5 Bl A T
SE 0L F AR W S S o R AT AR AT . 25
A RS THRE I BV ROZ 8 =, 43 ) 5 SUMT
¢ (fi%,0.207~0.376) N (F5 41X, 0.376~0.444) 1115
(H145,0.444~0.485) IV (57, 0.485~0.540) F1'V
P (155,0.540~0.707) o Z5E A MSS VIRe B4 TE 7
oAb RE 2020 4025 1990 4, 45 KT 0,
FEkRE X T 0, MERUE X s /NT 0, IR IX . fF
FIX AR RGLEG RS DI RERE G DL 43 M1 7E Arc-
GIS " H PCA B 531 56 B, i A KAk H 5 4> 5
TGP I — A% BB

3 HBRS50MH

3.1 BIESRFERSINEEITEM

MG X 7K TR S DI RE SR &, 19902020 4F
JKIEIRFERE 140 51°M 4.304.10.570 mm (451 K
4.4035%107.1.0816x10° m*, % 1), 2020 4E45 1990 4F-44
T 6.27 mmCEEHIN T 6.41255%10" m’) ; 7£ 53 4
K5 JRy b AF 5 DX AR T 357 AT 2 A5 5 )1 e 48k 114 g

FEINZET MAL AT HUS X A 57035 44
(& 2) o FERIERIFIIEE T T , 1990.2020 443 5]
4728.403,28.723 t-hm?a™ (i 4314 2.9064%10°
2.9391x10% t-hm™-a™") , 0[] 1= 1 O 47 Ty B A8 b 3¢
AN ALY 0.320 t-hm-a”'s BFST X AR XD 5
DX R AU AR T AR i BT T XA A v A - AR KR fiE
77, 10 FR AR 2 A XA o DA AU 70 2
REFAIFE , 1990.,2020 4F 43 51 4 2.980.,4.578 t-hm™-a”
(B2 91k 3.0493%107, 4.6840%107 t-hm™>+a™) ,
2020 455 1990 AEHE M T 1.598 t-hm™-a™ s BF 5 X By
JRU T b Ty B A WP 07 ] 1) 355 D YT A e 35 28 A 55 10
Vo DX S8 A ey, e PO A B S L 5 I 3 X 4
T H A XSk P 4K . B [ ik T BB 1T 35, 1990,2020
AEIIE 23 WM 6.966.7.649 t-hm?-a™ ( 570 % 4
7.1277x107.7.8272x107 t-hm™+a™) , 2020 4F [t 1990
AT 0.684 t-hm™-a™ s Wi~ B B 1) v (L X 2 2
R TESRA BB b P AL S A AL 8 A ORI
AT TP, W30 AT 2 i A )1 A R 5 2+ XA
AR ST U WA KA D A X o A . FEAE SR
JF T BE 7 1T, 1990 4F 112020 4F AYAE 43 %1 4 0.199
H10.2614 LA X 32853 A1 78 Hh &R 1Y PR AT T V5L 5 DA
B ] 28 AR L 1990—2020 4F |, I X 14 43 4 T X
D, FE AR SRV B N PLAL R B Y
[X 4,

®1 BOESRFERS TN

Table 1 Functional evaluation of individual ecosystem services

Ay KPR FE /mm AR/ (thm™2ea™) B KU R/ (t-hm™-a™") FEBEES1/(t+hm™+a™") M 355 o
1990 4.3035 28.4032 2.9800 6.9658 0.1994
2020 10.5703 28.7234 4.5776 7.6494 0.2614

32 ABSRERZIEEEEMN 22.1% F1120.2% ; VIR (8522 ) 43 A7 T FREIN, 4y

1990 4 It 55 D fig 25 [l 4 Jm 45 R o 190 (22)
VYL () 2 ZE 53 A0 e WF 58 X 38 04 LV s 551X
(K3), fETimssfi b, I BE X I 3 B4y T2
BN EE MRFL L7, T VR 68 X5 o A
T I 17 R InT 28 35 BRR] 22 1) o B9 DX R P A Al b
ALK SRS EELIIG (Fh5) R E
IR 2R PRALSLZ B o DA G T
BURE (£2), MG TH AR K, N 3 661.3 km?®, 5
5% X AT ARG 35.8% ; IV (B ) AR 22, 4353
h 2 263.4 km® 1 2 068.8 km?, I f2 (5 [ B K

W A1 383.0 km® 1 847.2 km?, T FH 5 Hb 43 i N
13.5% #118.3%.

FHXT T 1990 4F, 2020 4F ik 55 T fig 25 ) A% Jag A& LE
TR AR T AR 75 TR SR 2 /N VR A
FELAE D 50 X 2R BB RG34 4ok (1 3) o HL A&
T IS/ D IR S 98 R TV
DX S8R AR 0 o0 A i LN T Rl B Ak, e 78 3
PR Y 9K o AN, FE SRR IITE 43 A7 1) X 3, 1% He
T RKEAEH NEH MR E (F2),
2020 4E 1% i A K, M 3 383.6 km?, [ 5T X 1T
BUBY 33.1%; MK Z , A 2 855.5 km*, 5 L H



55 5 3] ko FEAE s A IRALLRIERAE A R SR 5 D e SO AR A HL 5

109°E 110°E 111°E 109°E 110°B 111°E
' ) Al: 19904 ' i A2: 20204F
[>
45
o)
40°N | & 40°N 40°N | 40°N
W
SRR ¥ K IR K
=3 TR AL R A X 1492 0 15 30 km 3 ‘f‘j(?L%%ﬂZﬂﬁ‘lX = 213.0 0 15 30 km
= RIS RIS R 0 —-— ORISR R 0 —_——
109°E 110°E 111°E 109°E 110°E 111°E
109°E 110°E 111°E 109°E 110°E 111°E
' ' Bl: 19904¢" ' ) B2: 20204F
N b 40°N 40°N | Bl 40N
& CREIIEGE
[ =] mﬁ Bﬁ' L i“ﬁ{/t' Z.a-l) mlﬂ?% Bﬁ' iﬁ{'hmla")
o FRAL A X 29308 0 15 30 km 3T RAIE S X 29308 0 15 30 km
O AL R (14599  wmm— RS 10702 wmmc—
109°E 110°E 111°E 109°E 110°E 111°E
109°E 110°E 111°E 109°E 110°E 111°E
' ' Cl: 199048 ' L ..oa  C2:20204%
DI ORISR
N e Lo q
40°N | 40°N 40°N | 40°N
mm%lz Lb/t'hmz-a'l) (=) ' m%/(t.hmz,a-l)
ErLalonain 16568 0 15 30 km s e 16159 0 15 30 km
O KA RS 0 —— ORI 0051 s
109°E 110°E 111°E 109°E 110°E 111°E
109°E 110°E 111°E 109°E 110°E 111°E
' ' DI: 19904 ' j D2: 20204
ERRAES s
[ . )
458 45
¢ 3 s
40°N | 40°N  40°N | 40°N
(] ' 4]
QW%E » ‘ ﬁ/(.hmz.a-l) IR AR » /t.hmz,a-l)
kTR X 0 8274 0 15 30 km IRl RS X 0 21176 0 15 30 km
O KA RLA 0 —— -F AL RS 0 —
109°E 110°E 111°E 109°E 110°E 111°E
109°E 110°E 111°E 109°E 110°E 111°E
' ' El: 19904%" ' __ . & B2 20204
I BEIX
40°N | 40°N 40°N | 40°N
ISR ISR
R AL SE AR A X 0.700 CiRFL RS X 0.695
otamsns W Qul3 30 km AT LR o Qud3 30 kam
109°E 110°E 111°E 109°E 110°E 111°E

K2 1990 4E 12020 4F: 25 R Gt Ik 55 T RE =5 (] /0 A1

Fig.2 Spatial distribution of ecosystem service functions in 1990 and 2020
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Table 2 Statistical characteristics of the integrated
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Table 3 Integrated evaluation of change characteristics
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Table 4 Correlation coefficients of different evaluation factors
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Ecosystem service functions and their coupling mechanisms
in the Ten Tributaries Basin

Du Jun', Wu Juanjuan'?, Xu Rigan’, He Zhibin', Jia Xiaopeng', Chen Longfei', Liu Chongwang'
(1.Linze Inland River Basin Research Station, Northwest Institute of Eco-Environment and Resources, Chinese Academy
of Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3.Ordos
Water Resources Development Center, Ordos 017010, Inner Mongolia, China; 4.Northeast Agricultural University, Har-
bin 150030, China)

Abstract: The evaluation of large-scale ecosystem service functions is one of the primary research directions in
macro-ecology. The proper application of methods and the selection of evaluation factors serve as the foundation
for the evaluation of ecosystem service functions. In this paper, the InVEST model and the RWEQ model were
employed to calculate the ecosystem service functions of water conservation, soil conservation, windbreak and
sand fixation, carbon sequestration capacity, and habitat quality in the Ten Tributaries area respectively. Mean-
while, the PCA module in the ArcGIS was utilized to analyze the coupling mechanism of the impact of indepen-
dent service types on the comprehensive service functions. The research findings indicate that the spatial patterns
of different service functions are mainly influenced by the differences in geomorphic types in the north-south di-
rection and the disparities in the intensity of artificial vegetation construction among the east-west basins. From
1990 to 2020, the water conservation function across the entire area increased by 6.267 mm; the soil conservation
function increased by 0.320 t-hm™-a"; the windbreak and sand fixation function increased by 1.598 t-hm™-a"; the
carbon sequestration capacity increased by 0.684 t-hm®-a"; and the habitat quality function increased by 0.062.
The coupling mechanism of single-item ecosystem service functions on the evaluation of comprehensive service
functions varies across different periods. In 1990, the largest coupling effect (PC1, 64.31%) was dominated by
carbon sequestration capacity and habitat quality, and the secondary coupling effect (PC2, 29.78%) was domi-
nated by the windbreak and sand fixation function, suggesting that the vegetation condition, habitat diversity,
and the intensity of sand control and desertification prevention determined the comprehensive level of ecosystem
service functions during that period. In 2020, the largest coupling effect (PC1, 65.52%) was dominated by the
windbreak and sand fixation function, and the secondary coupling effect (PC2, 28.72%) was dominated by the
habitat quality function, indicating that the intensity of sand control and desertification prevention and habitat di-
versity determined the comprehensive level of ecosystem service functions during that period. In the past three de-
cades, ecosystem services in the basin have gradually changed from vegetation status and habitat diversity to de-
sertification prevention and control, which reflects the far-reaching impact of human activities on ecosystem ser-
vices.

Key words: ecosystem; services function evaluation; InVEST; PCA ; Ten Tributaries



