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Evolutionary Characteristics and Driving Capacity of Ecological
Zoning in Middle and Lower Reaches of Hanjiang River
Basin Based on Ecosystem Service Functions

Liang Huaqiu, Li Song
(College of Horticulture and Forestry Sciences, Huazhong Agricultural University » Wuhan , Hubei 430070, China)

Abstract: [ Objective] The evolution characteristics and driving capacity of ecological zones in the middle and
lower reaches of the Hanjiang River basin were studied in order to provide a scientific basis for the sustainable
development of the water ecological environment of this region. [ Methods ] We used the InVEST model,
clustering, and correlation analysis to conduct a multi-year analysis of ecosystem service changes and zoning
characteristics based on water environment-related ecosystem services, and to study the association characteristics
of ecosystem services and environmental variables within each ecological zoning transfer area. [ Results| @O In
2010, 2015, and 2020, the dominant ecological zoning areas were the third., third, and second category
areas, respectively, with area shares of 70.54%, 72.92%, and 45.53%. The second category areas had

greater water content and soil conservation intensity than the third category areas. @ Correlation analysis
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showed that rainfall changes were significantly correlated with changes in water conservation and soil

conservation intensity. Changes in the areas of agricultural land and construction land for each land use type

were significantly correlated with changes in ecosystem services. @ Regarding the contribution rate of

explanatory variables in the areas where ecological zoning shifts occurred, the areas with larger explanatory

rates of rainfall changes were mainly located in the central and southern parts of the study area, and the areas

with larger explanatory rates of land use changes were mainly located in the western and northwestern parts

of the study area. [ Conclusion] Rainfall changes had a greater impact on ecosystem services and ecological

zoning changes than land use changes. By identifying the key drivers of ecological zoning changes, the

stability of ecosystems can be enhanced in the future with targeted optimization of land use type layout or

construction of green and gray infrastructure.
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Hanjiang River basin

HEBRGEM S SN ANNETRGE T RE W
HAER  ERSETEESRET T AES RS
IR 55 4 o R R 2 IR SRR 0k 4 25 HBE R K
WA Tk, 24 F R AR RGE MRS KA TR
15 ME LA TERBRERIRA WA T
BRGNS AT 8 AN 5 25 R JE 7R 7] LLBH B
T X3 A A R 5 iR 75 4 T 109 DX 3l 20 A7 L 42 T
WAl RS R R I RE 1 . B A4 45 InVEST 4
I SWAT KR, & ARIES #6825 41 InVEST #
RIP i P oK AR S g R AR R A B AR kR
R AN TR 9 DX IR AT T 732 W L S 2R A7 7K B 45 A 55
5 AR RS i F 5 s SWAT AR X — 434 X
(R 7K SCASE 7R N T K R T R 55 G A g R
ARTESHE RS AL 3 32 A= 25 22 48 IRk 55 Ui 3h 1) i 25 3l 25 43
Br, i 7 8 B SPAN (Service Path Attribution
Networlo) X Y5 7“7 Al N7 #4740 70, 2k
BRGNS RS F B I B R R RS
AEUOT Tk R 28 O 1k S B DI R L A S F
ST TR AR RGNS LR 247
ERRGIRS B R RRAET DL AR A 25 R G R
55 N AR A R Gl 55 A B B Bl R D
A R GRS W 1 WF 58 A A T LUAS W] ROEE BT ik 47
AIF 58 XA 48 2 5 A

PUYT 3 da 2 pg K E 3 v 2 T AR A K TR L TR s
R B AR S R R XL 92 IX 8 R A A KO0 TR A BE R
SETIIX T RS R R EE LA, B 20 U
o s DU S8l 1) A 25 B B 0 02 [ 58 S 4 i 45 i 1) 3t
W5 o AT IR BRI MGA B bR L O AP L R OK R
PR AR A TR T T DLV S A T R L P
KT KRB SRR SE T K63 1 &R |
2 Wi 5 AR AR A LA B NS Bl 8 ] DU 3 R R
T TN 5 AR U AS S A7 A B0IR K B S

TFRER R F AR BT e P R i X AR
KR LA W FH K 5 SR 3G g o 1 3 K AR AR IR
K JRATMr iy a8 H 5 98 0 UL UK AR S R
AR RGIRS ST 3 B A LR O i - BT XA
RO M55 A S AR SR AR REER T LK
Az A G I 7K R A 5 5 K R o F L R AT 2 AR (]
BRGNS 028 A o0 b7 . I TS RAER RS
R 55 9 A8 Ak RRAE 5 BT X6 A 25 R 58 IR 45 18] (0 A A 5 B
) o R T S T AT X AR R S5 L PR OK R
55 YL MR 55 DA R I B Al 55 S R AT T AU 5 Eb D
G3AT s B T AR A R G A5 AU DX 88 P TR DX AR T
YL SR 73 A5 1R XSk & J 5 2R 25 O 4 5 s 42 A4
i+ 6T S [ 2 45 725 gk X YT 9 3 K B B 114 5 ) L 7R
AR H R RO DL R R G AR AR R AR
2 JEAE W W5 UIE BH AR B L B X KR R o DL &
IR Y A7 A R 49 52 M) T AN [5) Fg = 1 ) FH 288 8 %6 7K
T FR 5 ) R B AR [ 5 6 %o AN TR) % TR 1 B T A K R 8 &
JE IR, Hong 457 £ 5% 152 B9 IR 4 300 00 40) D) &
KRR HEAT 43 A . B AR T DU R R K A IR 55 S
P L % i 555 A s 1 DX

B A ] s T R Rl 1% S i, 1 b A ] 4 s )
X (2021—2035 ) MAESBE EK TR S, LR
B MARKESGEEE S K EREFSEAEE
B L 2R S R GE IR S5 DI Ag b K R R 7R AR 55 T R
55+ SR RR Il 55 ) BB T AE A0 )2 T A% X BF 5T
PEOUEECE S L TR O A A R G AR A R AR
T FEE R DL S i B R AR A AE S R
Gi o F BT R AE AR AR 1 5 )5 3 AR S R G AR A s/
R S R AR I EE . B RTDULR
Stk = DT R A S R G R S5 B S R A
Jai 5 FLA BRI 5L AE R AN S B UL H O i X
JR AT 5 A 25 2R G0 AR 45 B R 28 %k T B K IR TR 9 1) T
DR S K B R Y R Rk R AT L L, AR



258 7K R E

%43

FUE JE N InVEST #5881 7= oK B A e 5 4 B4R
FRBLHHEAT 22 4F 7K IR0 7 i DA B 4 8 O 455 o B 1 F
58 HR LT ZARFE W & K IR 75 B 5 4 O FR R
JE B REAE N FH SR 2 1 O L AE T RO R E AT AN TR
AT IR E L W 7E S R A0S 5 R ARSI X
AR s AE LSRR b 6 A 85 AR o, I BH A AN [R) A=
B XA 5 54 BRGNS 0 RBRAFE, &
T G244 kg A A DTG 3 b e DX 38 7 7K A 28 3R 355 T
Fgk R R R IR A K 78 K e i A b SR B A S A
B
1 BRHS5i%
1.1 HRREER

POV 38 v F 9% (30°4'—32°50" N, 110°16'—
11417 ED A F 0 At 48 638, it &5 o e 4, 3% 3 1 4
PACHL FERH IR 1T 5F 10 NATEUX, A7 H i B 3,68 X
10" km®, % X B AR DLV Bl L e O 3L A
H S b X 5 AR 1 S SR VLU T LA B3 4 i A B R
(14 L1 M b 3558 g DX 30, 0F 9 DX PE . DT
K AL 2 TR A K R ML K B IR AT A L R
6 248 7Y DL B 2 XU Sy 3 L i b 4 K RDT Bt &
B 20002020 4Fi% X S BE R 8 29 721 mm, H &2
BT, RGN A AL Y R R AR S
- A FH AR Al Y £R v R AE L AW 5T % IR R 2010 4R )R
Bl A 5E 3%, B EL 2010,2015 F1 2020 4F 5 B {K [
T AR AL AR A o — 30 3 a AR R AR 5T A S E) 4 45
1.2 #HEkiR

A 5 ) A AR AL 55 T4k L % (. DEM., 8
R A b I R R R T KUK R
FERLFBOHE H 0 (http: / www.nedce.ac.en/portal/) ,
Al 1 s 25 T3 O A s R R IR T R KR
% B8 T 0 Chttp: / data. cma.en) , £ 35 BF 5% X
B JE 1 50 AN 4k 5 2000, 2015 Fl 2020 4E 3 a 1
BT AR TR R XU H BB A (E S s DEM 4L
P 3 JH T #b 3 23 (8] 5598 = (http: / www. gscloud.en/
search) , 4 ASTER GDEM 30 m 43 ¥} % (1) &5 #2 %k
s R R IR T K O R R R A o
(http: / www.tpdc.ac.cn/zh-hans/) , H%&F HWSD
(v1.2) 9 S50 4+ & M R 250808 ok V5 1 b B 5
Woill 7 &, 4135 2010, 2015 F1 2020 4E3X 3 a 19
30 m M4 - b R CHE
1.3 MiRF*
1.3.1  AKREIIRS KRS L= K & (YD
HEAE L CTD | 34 A5 K R (KD A2 i Il & 4K
(V) Ry i, 25 A 11 5045 20K J6 0 5 &0, Hop

InVEST R v i) 7 K L el 13z 0 1 77 K B
Mt KRR TR T
_ AET(2)
P(x)
KX AET (o) R n A% B0 = 09 4F 55 bR 28 B =
(mm) ,3i@ 31+ Penman-Monteith it &% P (x)
FORMAR BTC x IAEREK B (mm) , ZE Bl 5 K &
AT o B A A (A F
AET(x) PET(x) PET(x)“y '
P TP *{ +{ P(x) } } )
AF . AET(x)/P (x) B Budyko £k i 38 RIEP
PET () ERBHERLE(mm); o NEKRSEL,
PET(x)=K.(l,) « ET,(x) (3)
KK, (D) R B IT o HROR [R] 4 B B 28 A Y
P ZEMRE ET. WS HEYEMRL.

Y(I){l J°P(1) (D

L AWC(x)
wlx)=Z P +1.25 (4)
TI=log, [g . Pj (5
WC(I):min(l’éZng . min(1,0.9><%) .

(6)

. K
mln(l ,%j Y(x)

X Z AW B AWC ) IS BAIC « 1+
AR KR (mm) , i AL B AT RS E T h
HuIE A8 # 0t XK & D+ R E S (mm)
KW B L P AR VO R s K b+
BT KR (em/ D),

1.3.2 EIEHFFIRSE  InVEST S8 h, 4 {5 e
HeAeok 107 26 J7 #2 (USLE) 1Y SE il | 2% & 3] Hb 2% 4
B B VD LK, kb T USLE BRI AR 2, Jf
SCHUE Al i 2 R Ak e R Y L BTN R B RL R
SEDRET(2)=R(x) « K(z) * LS(x) +

(7
(1—C(x) » P(x) J+SEDR(x)
x—1
SEDR(x) =SE(x) > USLE(y)
y=1
L (8)
II (1—SE(2)]
=yt
USLE(x)=R(x) * K(x) « LS(x) * (9)

C(x) « P(x)
F P :SEDRET () A M4 = 09 RIEARFF & (D5 R
() WA & (A R K AR Bk 7 ¥, 38 3 Wischmeier
ARG EAR K (o) IS « /9 35T il pE A
F il Williams 42 H 9 20 0 H 545 32 LS (o)
JAE o BB s C () o P () 43 3l g il
x FAE B 5 208 8 B DN 1 RN K b PR i P
SEDR () M4 « (e 58 2 (0 5 SE(a) g



5% 43

BRARTKAF B T A A AR G I 55 T R B DUt b e 2 2 0 IX 3 AR AR R K 0K Bl e 1 BF Y 259

x PRV B8 %% s USLE(x), USLE (y) 43 51 H #
M x G RS v 19 SERR R R (O,

1.3.3 A& RxE ETFUFREXEMAKRIKRS
P JEB T SR 1 A W R AIE LA B 5 T 3 A S 0 7K TR R
FRUIRE S 1 R R D BEAE A 3 0 XA 1 il
k YIEHR TR — P2 Ak S 0 R 2L o7
WL HA TS SRR AER . A B S KW E
iz SPSS 27 i)k MERE TR, 54Xt 2 H
2010,2015 Fl 2020 4E3X 3 a 4% ek B T L 2K U5 i 37
5 AR . TS B AN R 2R S ) X TE B
W RS RG0S5 D6 DL K M AR FH 2 T A R 1 T
A H AR RAE 7 B 248 1] 6] — F i s kR A A S
SRR,

1.3.4 FHBEFTLHALS ZLIRS 0 L IRAFIEH AT
HEAT SRR FRAE 3 AT s S WIF 5 5 o FHAJF 52 DX 38k P i
B SRR 5 1) 05 06 6 AT A3 A 6T G (R 3 B R AE — ZE 1Y
TERPEDY . R UERIF 5T 0 4 nT AR R 5 X 0 25
FEAE A% SCK B 3% 23 B 3T R 32547 10 km X 10 km (1 %]
K& AGAL B 5 HEAT 43 AT . 35 B I A ik Oy 7K U TR R i

20105

BER/mm BER/mm

[ 748.82~850 [ 645.64~750
[ 850~900 [ 750~900
[ 900~1 000 [1900~1 000

I 1 000~1 200
I 1200~1603.23

[ 1 000~1300
I 1300~1644.96

2010—2015%

BER/mm

 <-120 FEM/mm
[ -120~-40 [ <220
[ -40~0 [ 220~320
[1o0~70 I 320~360
[ 70~150 B 360~450
I >150 Bl >450

55 - BRI A ) A TR (E s RS LR A R A
SR ZE LA RN R 2 e BRUATE ) 8 T A S B S 1Y) A
AR A S L B 45 - b ) P 28 7R 1 B AR Ak L R R B K
- M 2 AR Ak X A S o K AR (R R IR S A .
IR Spearman 3T 5 TUAY 20 B 19 5 ¥ , X i R AR
AR B — g N AE DL R e N AR AR 1Y RE T E AT
GEHT .

2 RS0
2.1 BWZEEESTHEE

B 1 JE/ART 2010,2015 Al 2020 4F B TR 25 8] 4% &)
DA B A <0 15 4 22 (8] [ R A AR AR REAE . BEIEORF L3 a
FERN 1 2 B [ db ) mg 2 W O e, 2015 AR Y
2010 4 & RN AR Eb L 78 B 5% DX S Ak A B T 45K T R
BRIV /0N o M FEE K F) 120 mms B RR 0 X 8k £ 2 T
SIS R O, B2 28 70 mm DL . 2020 5
2015 4F RN AH Fb S B0 T 4 ek A 34 . L B4 iR B 4R
KZ K 320 mm Ph b, BRI IR DU LL oG 00 38 n 45
Zmad.,

20154 20204

BEW/mm

[ 975.67~1 100
1 1 100~1 200
[ 1200~1400
[ 1400~1 600
I 1 600~2020.90

2015—2020

0 60 120km

[ E—)

B 1 SUTHE R T 5 b = A A S R LR

Fig.1 Spatial pattern and variation characteristics of rainfall in middle and lower reaches of Hanjiang River basin
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Fig.3 Spatial pattern and change characteristics of soil conservation intensity in

middle and lower reaches of Hanjiang River basin
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Correlation analysis of ecosystem service change and environmental variable

change in middle and lower reaches of Hanjiang River basin
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