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Abstract: [ Background ] The Xiaoluan River Basin is an important part of the Beijing-Tianjin-Hebei
water retention functional area. Finding out the spatiotemporal evolution patterns of water yield and water
retention functions in the Xiaoluan River Basin can provide a scientific basis for water resource
management and regional sustainable development. [ Methods | In this paper, based on the multi-source
spatial datasets in 2000, 2010 and 2020, the InVEST model and spatial autocorrelation analysis were
used to explore the spatio-temporal changes and spatial clustering patterns of water conservation functions

under different land use types in Xiaoluan River basin. [ Results] 1) Shrublands, forest and grassland
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were the main land use types in study area, urban construction land continuously expanded while the
sandy land significantly decreased, leading to a noticeable improvement in desertification conditions Over
the past 20 years. 2) The annual average water yield of Xiaoluan River Basin in 2000, 2010 and 2020
was 0.425 x10°, 0. 669 x 10° and 1. 147 x 10* m’, respectively, and the annual average water retention
was 0. 035 x 10°, 0. 061 x 10° and 0. 073 x 10° m’, respectively, both showing a steady increasing trend
year by year. 3) The high-value areas of water yield and water retention in the basin gradually shifted
from the Yudaokou pasture in the midstream to the forest land and shrublandsin the upstream and
4) The

spatiotemporal variations of water yield and water retention function was obviously heterogeneous across

downstream, indicating that ecological degradation occurred in the midstream pasture.

different land use types, and the land types that contributed most to water retention were shrublands,
forest land, and medium-coverage grassland. [ Conclusions ] This study can provide constructive
scientific suggestions for land use optimization and water retention protection improvement in the Xiaoluan
River Basin.
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Tab.1 Basic information of meteorological stations

. ) e 4 2000 4FREK fE 2010 AR REIK &t 2020 AFREK
Wi A
Longitude/ Latitude/ Precipitation in Precipitation in Precipitation in
Station No. Station name
(°) (°) 2000/ mm 2010/ mm 2020/ mm

54208 Z A& Doron 116. 47 42.18 373.90 361. 80 409. 90
54218 NI Chifeng 118.83 42.30 281.70 540. 60 492.10
54301 iR Guyuan 115. 67 41. 66 349.30 577.10 456. 40
54308 FT° Fengning 116. 63 41.20 363.70 507. 50 611.00
54311 [El3% Weichang 117.77 41.96 364. 40 538.50 537.70
54318 Ffk Longhua 117.74 41.32 381.20 612.10 536. 10
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Tab.2 Biophysical coefficients for InVEST model

T bR HI2EAY LULC 1% LUCODE K FEBE AR R B E Root depth/mm

4 Dry land 12 0. 60 900

FHH Forest land 21 0.70 7 500

HEAM Shrubland 22 0. 65 6 500

A Open forest land 23 0. 65 5500

HAbMk L Other forest land 24 0. 65 4000

TR 8 35 HOHL High-coverage grassland 31 0.55 950

Th 7 35 U Medium-cover grassland 32 0.45 750

KB 35 b Low-coverage grassland 33 0.45 600

i River 41 1.05 1

T Lakes 42 1.25 1

JKJE Reservoir 43 1.25 1

J& B 45 Residential place 52 0.30 1

B ML Construction land 53 0.30 1

Vb1 Sand 61 0.21 1

Notes; LULC: Land use/Land cover. LUCODE; Land use code.
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v InVEST model simulated GouTsizi Hvdrol Accuracy/
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values (107m) Station/ (10" m*)
2000 5.30 5.38 98. 64
2010 5.39 6.24 86.24
2020 7.40 7.78 95.14

3.2 FEAKEMKEEFENREIE

MBS [E] B, /NG 3 3k 2000 ,2010 FT 2020
AEFEK AR IR SR St 22 5 B3, BT K&
3510 4250 73,6690 JT A 1. 147 42 w® |, T 372
PRk R 147 T3 505 F1 626 71 m®, B T A& 40T
AR 77 K IR FE R 291. 28 . 415.90 ,404. 26 mm
A TR 2000 477K i I, 2020 42 /N
T KK e AR . DWTERUEE & /D
VAR AL 37 KR P A A S PR A A 2 T S I
(3 & 4), 2000 4EEE, 777K & 0 = {E 3R 5 2 0F
FEX PR ER R A O s HE D S KBRS
R AR ) i A A BB AR 7 58 B K a1 P e Sk

2000 A 2010
. EEHWIERY
“Saihanba forest land
~
u ou pasture
Sclegiad
= i 0% 3
. Yudaoko nship
- 'gg AR
%@%é Water yield depth/m?
291.28
Laowopu togeiiship l
X -0
111 F
Nanshanzui tov\ggship

0 5 10 15 20
e — —

3

=0 5 10 15 20
e — —

2 MUY S 2010 EAE T 2000 4F, 77K &1
1 29.99% , & {A XA A R A AL BB AR 1B 11 40 A
LEFEWMGHR s S & Tk & 557
K I i R AIG

KR FR I e R AE A= 25 R G AR FFK 1 g
SR E AR B R B, /NG IT 3 3R 7 7Kt 3 AT
BEAERZ I K IR FR B 504 (8 5 AT 6) . AIRF[A]
- ,2000,2010 F1 2020 45, /N ] 37 487K Y5 I 3R
SIS 350 T3 610 T A1 730 J7 m? IR K
USSRk 279 J7 371 T A1 415 J7 m’ , B T FUK
TR EE 433 h 41. 44 71.92 F1190. 55 mm, = H}
AW BT, 2000 A5 FE AN TR 7K IR R 7R e
IR ,2020 F1 2010 4F f19 7K Y5 6 57 1 AH 3 2000 4F,
Ay HETE 52.05% 1 42.62% ., MZS 6] |5, 2000
AR () 7K VR ToR 5 B e (DX A v A v R N
WhAE s 2  AUE X E e FR i ZE Mk
R AR e LI & | o (B 3 A1 3053 HL, 2020 4F (1)
1 B X R R AR AR kL S ZE M N T
AARHE AN YR AR R SR M b, AR 1144037 1) 7K DR i
R BE BH S, 37 b XM v (L A8 S AR
SRS /NIRRT L 388 ) B A4 7 7K R 55 T e 2 AR
SRR RiIF R
3.3 ARELHFIARBT=KEMKERFEN

=

- b FE P K IR IR SR e D 00 DG B e R
T MR R PE KRR SR e 12— AS[E] LA
IR HTADREURE B 1) 3028 5 M i e 7% P % =R

N 2020

PRIKIRE
Water yield depth/m?

l404.26

5 10 15 20
e — —

m

/N 4% 2000 2010 1 2020 4E 77 K R 23 ] 284k

Fig.3 Spatial variations of water yield in Xiaoluan River Basin in 2000,2010 and 2020
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Tab.4 Variation characteristics of land use area and corresponding water yield and water retention in
Xiaoluan River Basin during 2000—2020
2000 2010 2020
LHFIHRR B T I L I
Land use - Water Water & Water Water - Water Water
type Area/ elds retentons Y yield/  retention/ Y yield/  retention/
km? 73 703 km? 703 7.3 km? 703 7 3
10" m 10" m 10" m 10" m 10" m 10" m
S Dry land 192.51 0. 64 0 194.90 0.93 0 195.13 1.42 0
A M Forest land 330. 32 0.43 0.15 359.91 0.54 0.17 318.61 2.02 0.18
HEAMK Shrubland 473. 18 0.58 0.14 446.91 1.42 0.19 445. 56 4.12 0.32
HiAHL Open forest land 204.55 0. 80 0.04 223.04 1.46 0.12 222.68 1.43 0.09
HAtb A Other forest land 283. 67 1.10 0.02 317. 15 1.94 0.10 318.27 1.92 0. 06
B 36 High-coverage grassland 0.39 0.0l 0 30.86  0.27 0 344 0.36 0.06
7 35 F L Medium-coverage grassland 2.45 0.07 0 5.77 0.10 0.02 6.75 0.12 0.02
KA 5 F Hb Low-coverage grassland 51.48  0.60 0 2.62  0.08 0 1.97  0.06 0
% River 107.14 0 0 106.75 0 0 105.96 0 0
I Lakes 0.73 0.02 0 0 0 0 0 0 0
JKJE Reservoir 0 0 0 0.48  0.08 0 1.25  0.02 0
B3t Total 1646.42 4.25 0.35 1646.42 6. 69 0.61 1646.42 11.47 0.73
3.4 KEERFEZHEBEEXZH DRRR R s O] S TR o o e — e AR — R 28y TE A

XN ORI IR T R s M A E Sess A R R AR |, 6 I 5 o0 B SR 10 B T K U o 3R
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0.001) ¥yimat i & A 0 (32 5) , U P/ NI s IRE, R & . NS5 ok &, 2000 4F DL R — S E
KGR SR RS ] o A AR BRI Sy R W E 25 RIOCHR IE AL ALY W W, o — s B A
W1, BoCm R 26 5 o i — AR HOK RN FHOM A it iy b e R IR R IX
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gRi) REzME Moran #6880 Z #i#4r
Year  Clustering Z-value ~ Moran index ~ Z-value
2000 89. 67 0. 64 92.41 0
2010 105.36 0.75 107.85 0
2020 112.10 0.81 115. 68 0
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