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Research on the Spatiotemporal Differentiation Characteristics and Prediction
of Grassland Degradation in the Upper Reaches of the Yellow River Based on
CA-Markov Model

ZHANG Yan"*, ZHANG Jia-gian'*
(1. College of Land Engineering, Chang’an University, Xi’an, Shaanxi Province 710054, China;
2. Key Laboratory of Land Consolidation, Xi’an, Shaanxi Province 710054, China)

Abstract: Taking the grassland in the upper reaches of the Yellow River Basin as the research object, based on
multi-source data from 2000 to 2023, the degradation problem was analyzed from the dual perspectives of
“grassland coverage type transformation + degradation evaluation index system” , and the CA-Markov model
was used to predict the future degradation pattern. The results showed that: (1) The grassland is mainly com-
posed of medium coverage grassland. Over the past 23 years, the total area of grassland has decreased by
2201. 60 km?, and the coverage conversion has fluctuated greatly, showing obvious spatial differentiation char-
acteristics. (2) The proportion of un-degradation grassland has decreased from 59.77% to 54.62% , showed
an overall “one decrease and three increases” degradation feature. Spatially, it presented a pattern of “low in
the southwest and high in the northeast”, and the area of regions with increased degradation grades was larger
than that of regions with decreased grades. (3) By 2030, the proportion of un-degradation grassland will further
decline, while the proportions of mild, moderate and severe degradation grassland will increase, and the degra-
dation trend will continue to intensify. The research can provide a scientific basis for regional grassland protec-
tion and management.
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Note: This map was produced based on the standard map from the Ministry of Natural Resources’ map service website with the review number GS

(2019)1822. The base map has not been modified
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Table 1 Data sources
25 [0 43 R
% Bk Name He i Source Spatial
resolution
B 5 FE B Digital elevation model i B2 (8] 5040 = Chttp://www.gscloud.cn/) 30 m
JHCHOSR BE Grazing intensity 5 A SR B H 0 (http://www.nesdc.org.cn) 250 m
B 4T % Nighttime lights [ R M Ek R G0 B 245005 o0 (hittp://www .geodata.cn) 500 m
AW 00 94 7 71 Net primary productivity \Z£H{ % Evapotranspiration ~ NASA EarthdataChttps://www.earthdata.nasa.gov/) 500 m
16 B 46 %4 Leaf area index Google Earth EngineChttps://earthengine.google.com/) 500 m
+ b R Land use data , 1325 Soil type h EREBE R IR R oL (hitp: / /www.resdc.cn /) 1000 m
N 1% £ Density of population LandScanChttps://landscan.ornl.gov/) 1000 m
1A — 1L A B 75 54 Normalized difference vegetation index NASA EarthdataChttps://www.earthdata.nasa.gov/) 1000 m
[# 7K Precipitation "< #ii Temperature , 34 HL Soil organic matter, [ 5 75 i i FURL 4 B4 70 Chttps: / /data.tpdc.ac.cn/ 1000 m
+ HERP AL i Soil sand content home)
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Table 2 Evaluation index system for grassland degradation
Bii R e til= JatE FIRKHR W&
Target layer Criterion layer Indicator layer Property Selection criteria Weight
RN T T B HE Fractional vegetation cover i1 Negative S A S R G A A AR 0.028
Vegetation factor IOt 11 Negative sk = ik F 0.023
Net primary productivity Reflect the growth status and productivity
it [m}”?[‘ﬁ Leaf area index 11 Negative level of grassland ecosystems 0.003
HHHET AW S Soil organic matter — §11f] Negative FAT TR RHTR AL RE ) 0.012
Edaphic factor + ;;ﬁJr Soil type i Positive Characterizing soil qualny and 0.129
LR YA it A +ERD R A f Soil sand content IE [ Positive anti-degradation capacity 0.019
Grassland degradation SEATF WK & Precipitation fit[i] Negative Ry P 0.030
evaluation index system Climatic factor S Temperature £ 11] Negative Determine the water and heat conditions of grassland 0.045
Z&H % Evapotranspiration 1E T Positive 0.046
Wi HF B Slope 1E[i] Positive PALE S Y SRS 0.082
Terrain factor Affecting the water and soil conservation capacity of grasslands
NEFEHAT AR JE Grazing intensity IE [ Positive VI R 0.073
Human activity factor TIT L Nighttime lights E il Positive Reflect the intensity of human interference 0.335
1% & Density of population IE [ Positive 0.175
®3 THEERBWMER
Table 3 Assignment table of soil and land use type
Soil type 5 11 1 Alpine soil #5281 Caliche soils Semi-Hydromorphic soil #I8 & Primary soil soil \ 3% + Desert soil
T AE Assignment 2 4 6 8 10

1.5 EMEERAEIEHMNR

index, GDD 1E & & Hb iR 1k 19 45 &

R4 2R

GDI 1 ML 26 B 35 A= KR I Eﬁ%

GDTAE i ) B e 55 3 A= 4R B0 2,

5i1R 2 GDI oy 7 b 25 5 B Ak 38 %0, B0 V8 F N
O 25 & B fb 48 %0 (Grassland degradation O~1,n M EANHEA R (AW R oT E A 1

(A R T PEA 8 b 00 bR ME AL AL R, W, 0 56 AN TEA FR bR
1’{3%35 ’ﬂf&, *REO
B, K K ArcGIS (9 [ 88 Wi 500 W I 2 % (KRR

TRV 6 br AR 201345 2 GDI, &) 73 1B 1k 25 2 BAL VMG R AL 1 4 RS T ) T 4

HRA T AR A

GDI=>" AW,

BT IX 5

EARAR AL, 48 2000—2023 4F GDI & 2 KB 4k .
(2) W“ Bk v B S Ak R T R R AR AN S %, WL 4



56 ik HEAE BT CA-Markov A5 78 [ 38 T] 3 36k b Ui 50 Hi 3R Ak I 45 40 S R AT B T500 AT 5 2233
x4 EHRUSEE Pn Pln
Table 4 Classification of grassland degradation P=| : .. (5)
3l 3Rk 4 G 25 IR A R R P, -- P,

Grassland degradation grade
F i 1k Un-degradation
% JE R 1k Mild degradation
11 B IR fk Moderate degradation
T J¥ iR {k Severe degradation

Grassland degradation index
0.0665<<GDI=<<0.1659
0.1660<<GDI<0.2156
0.2157<<GDI=<0.3041
0.3042<<GDI=<<0.6438

1.6 JLHBZIN S /RAIX#EE (CA-Markov)

CA-Markov £ B (1 15l U &5 & 1 7o ML A 3 #l
(CA) Y 7S [1) ) 25 1Ak A H JR W] R (Markov) i 8 /4
REFEFE AR F S8 [R5 W) 16 A 232 RS )
(18 3 $60 AR 23 T A R AR A R

JCHE A B B — e H A )] Bl S A
HY o b, 3423 8] B HCh JT I RS T — I 20 1 o
MRS ST . XK

Sy ' =/15%) (3)
K SHE G AR ;e M e+ 1 27
Ry B 5 pR VB 5 g R AR R

L IR AT J AT I R 0 4 45 v )R 2 TR] R %

P B0 ¢ 10 220 19 A8 ARl # o AR e A A ad i il

& H JRT] A, ST HAE (I 20 AR PO R
B R B IR HAE ¢+ LI ZI AR S S o

STt=8"XP (4)

CA-Markov BRI 25 & 0 35 P 3, 3% T REA 40
18 e b IR Ak A G IS, B A8 X R SR AT (3 1) b R Ak
A G IS HE AT B ) A5 ] bRy o E AL . SR A
IDRISIL7. O34 (1) JE P 1 5 b 3R Ak 55 G084l
A B BE S AR O e 4 BN . 2 R IDRISI
Tutorial ¥ 55 ] iR 22 8% R 0. I5CZ S H T K Z 8K
BT 3k 85 % (K ) o (2) AR 315 97 309 5 4 1sF 1] ] B
BB EACUKEL, R 5 X5 IE I A% , B N — A4~ Je
Ji Jil L 5 <5 A4S 56 M 2 B 1 R 255 )% 12 o IR 2
ek A8 BA 2 5 L (3D F) ] CROSSTAB 5 B 5¢
L 52 R 0L A R Kappa 22 8% 09 3 5 15 K5 B2 36 IE .
C4) i 38 3 46 36 19 C A -Markow B ) 3 47 % J] 3 5
U R R b AR R S AL

2 HERESH

2.1 Hith=EEFETHFLE

2 BE v [ R 2 B 9 TR 0 5 R 2 B o0 & A
o B 2wk o R R R R W 4R
(CNLUCC) ¥ 50 4y 43 oy v B i JE v B3 55 B AR
TR (KD,

®5 HH-GHERD
Table 5 Secondary types of grassland

£ FK Name % X Meaning % 1, Characteristic
1 7 5 JE R b Tl 2> 50 76 B AR F M | o5 R b R R KA SR AR R AR R

High coverage grassland

grasslands with a coverage rate of over 50%

B 20%~50 %0 By SR 5 b Ak B 5 H Natural grasslands and
improved grasslands with a coverage of 20% to 50%

ERCE a8 )
Medium coverage grassland

[(SEEus:i)
Low coverage grassland

Natural grasslands, improved grasslands and harvested

BEAEHE 520~20% MR AR FEH
Natural grasslands with a coverage of 5% to 20%

The moisture conditions are favorable, and
the grass is growing thickly
IKAFAN R R
Insufficient water led to sparse grass
growth
IRy Z B R, Ol R 2% 22
Lack of water, sparse grass, and poor con-
ditions for livestock utilization
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Fig. 2 Evolution of spatial-temporal patterns and cover degree structure of grassland in the upper reaches of the Yellow River Basin
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3 Line chart and transfer map of grassland coverage type transition in the upper reaches of the Yellow River Basin

N

A

21.57%

N 1857%

0.09%

22.65%

I 20.34%

|0.32%

22.25%

P 2051%

[0.54%

22.45%

P 2071%

10.87%

21.67%

20.03%

|1.48%

2230%

120.96%

2.12%

s 300 [ AiE AL, Un-degradation | | 4%J%3E ¢ Mild degradation [ rj1Ji#3E ff, Modcrate degradation [l /%L Severe degradation
B4 BARBLHFEMBRLKERSIERSHE

Fig.4 Proportion and distribution map of degradation grades of grasslands in the upper reaches of the Yellow River Basin
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Fig. 5 Map of the distribution of grassland degradation grades in the upper reaches of the Yellow River Basin
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