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Investigation into the spatio-temporal dynamics of the Temperate Steppe in the

southern foothills of Qilian and its response to climate change
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Abstract; This study aims to explore the response mechanisms of alpine grassland ecosystems to climate change in terms of
vertical zonation, specifically focusing on the temperate steppe on the southern slope of the Qilian Mountains. We conducted
a comprehensive analysis of the spatio-temporal evolution characteristics of this temperate steppe over the past 35 years,
quantitatively evaluating the relative importance of key climatic factors affecting changes in the area of the temperate steppe,
and revealing the nonlinear response relationships and thresholds between area changes and climatic fluctuations. The
findings indicate that: (1) Over the past 35 years, the area of the temperate steppe on the southern slope of the Qilian
Mountains has shown an increasing trend, at a rate of 28.3 km’/a. The areas of expansion are mainly concentrated around
Qinghai Lake, in river valleys, and in mountainous regions above 3000 m elevation on the southern Qilian Mountains, while

the areas of reduction are chiefly located in sandy regions east of Qinghai Lake and in areas below 3000 m elevation.
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Vertically, the temperate steppe has migrated to elevations above 2900 m, as well as to slopes exceeding 25°, flat lands,
and semi—sunny slopes. (2) Temperature, precipitation, and wind velocity are the main climatic factors affecting the area
changes of the temperate steppe, with the contribution rates of the climatic factors ranked as September precipitation>wind
velocity>March temperature>April temperature > August temperature >July temperature. Of these, September precipitation
has the greatest contribution rate (20.6% ), succeeded by wind velocity (18.5%). (3) Climatic factors, including
precipitation, wind velocity, and temperature, collectively impact the area change of temperate grasslands in a complex,
nonlinear fashion. When the precipitation change rate in this area is within 0.2—0.5 mm/a in September, the wind speed
change rate is within —0.005—=0.0025 m s™' a”', the temperature change rate in March is within 0.01—0.02 °C/a, the
temperature change rate in April and August is within 0.02—0.06 °C/a, and the temperature change rate in July is within
0.02—0.03 °C/a, the increasing trend of the area of temperate steppe is the most significant. Under other circumstances,
the increasing trend of the area slows down, but no negative growth is presented. These discoveries will offer scientific
decision—making support for the protection, restoration, and management of temperate steppe vegetation in the southern

Qilian Mountain region.

Key Words: southern foothills of Qilian Mountains; temperate steppe; spatio-temporal evolution; climate change;

response regularity

AR T LR S 7 3 e D TG b A B 5 R T R X o Bk 2 P A DX R ) A A5 R A R Y
BB AR 2B TR 2R RS R Hob R MR R 20 X E A RS R
Gi 2z — YRGS R ) 2R B AT R

TERBRAUEAERT T T R TS AR R ot Mo U SR R 38 22 LU oK) R R I Rl s H 984
BRG=H TV RS R G B K AR T35 B 1 K FA S, TR R K 103 A8 Ak
RES A 0 % 75, 1 S PR SR sh ) S5l St iy e 70 L TR AR L Kl BRI X A A
P 5 B R F A AR DCED T o AR R KO B R R SRR IK S R 2R AR AT A b SR
e K 72 Ao B AR B 14 TR S Y BR T IR IR K S A PR G R B e R AR I e
HAEB RGBSR G S

T, 52 A BRAEAS LA ZEIE Sy 52 IR, A0S 72 1 i DX A% 30 1 B I 28 1y 26 A 2 A B s i Ag s
Hozs () oA Jry i — 2 S AL 2 el R T TR 3 B R 3 1 0 A 6 BE 0 — 254 RO A ] — e A A ]38 B o
A AR AR, PRI A 0T 2 DX R ) P 471 A i e D ) s 2 i 728 AR R T PR R AT IR ST, S 1 AT
ANTR) S PR X6 e b A 285 2R G A2 AV AL A oy ML, Ay o 7 45 B ) R ) SRR S TR it 2 Ak ke
S EN

H R, B X0 B b AR A 08 S R B VAl O A RS, 5 P A 46 [l U5 23 A 3% 22 531 R = A3 43 A
AT S AR S AT IR R K O R R A5 A DR Xt R b AR A S e TR T R R AR
T, ARG R 2 7 AR X e b 28 A 14 52 2 BK ST I A7 78 Jey R, PR A UM P 75 e ] 19 OC RAEAE 2 3
A A0 AR Bl SRR TR S HAR R . e X — R R BRI DI T AL T A
SRAL RS A R F 5 AR 2 T AR LS R L SRR L, HLES 2 S R A 2R AR LR R T
BB A BRI, BRAT W50 30 R FH AL g4 S AR 2200 T o A P S R T e vk , 25 ) e 3t
UG N T AR A SR AN R Sl s 7R A £ 0 A S W X A R T R A T O 2 DR AR A A
BE TR AL A RS, BESS |, SR ML 27 > AU Hp (1 38453 [ IS AR A5 780 ( Boosted Regression Trees, BRT) AL,
DR F AR e, A BRT ASTAL ST 1 %ol M e S A A Bk 3 R 3% (b o a7 0 (R Tk ik —
o g AR R 2 i n] s i A o R T AR AR AR, A, ARBESE ST T IR AR 23 AT ( Partial Dependence
Plots, PDPs) , H A A fif BRI m] A0 A (4R a5, BE 8% T 00 i /s A8 (] A e btk SR> Jili i s b 78 A A< f R

http ; //www.ecologica.cn



3702 JAE = 45 4

- I 7 [ A, 483 7 T D AR AR A X 4% M AR AR R LR PR IR N S R

FET e AR LA 1987—2019 AFFH /3 A0, X 418 3% L1 e R X 3 1 2 it i 22 i A8 AR R A 7 0 T, SR
FHIB 20 22 56 8] A RS A 5 6 52 e i e e A0 A i) 45 A PR o g S R e 2 i 5 2 A R - 1 1 5[]
VAR ST R g A T RSO 2R | B FEPTA 25 A0 DR X e I R A P A ) B 2 488 7 i M o i AR
XTS5 PR A2 AR R A Lt e 17 DG R A A, DABIA AR 3% L R s A= A8 R G ) kA B R TR AR 2 A
PR A

1 HEE5FE

1.1 BT XA

A3 LR B T 7 e SR AR b k|, R AR L DX R T BT PR 0, 18 T Sk AR 2 A b 2 |, 8 4 v S
(B 1) 2 E P X ) B2 S bt e, HIGHRAE 2148—5814 m, M3 p 74 1] AR REAIK, HbTE 22y 1l
(B 1) SIREME I SR IR R B S Ll A, R BR - & 18 K HLIE% 0, i
TR | AR IR P RR A A T H , AR TR B 9 400—700 mm , AR 4 °C |, KSR 25 R K, 2 P il
AL AT 2T SER] G ] Y 2 PR RAR R X P R B AR T 2 XU B A R A g SR R R B
HH I A ) T A PR VA DR 380 0 40 A T e L SR ) A FE SR O

1 win

— VR
HilEH

T f/m

— 105814

B (k2148

B1 WREER

Fig.1 Overview of the study area

1.2 Bk S Ak p

AT 5 A FH A 8l 2R 80 oy SR DR s (B 1) A 5 25 1] 43R Landsat 38 BB R 3EA , 22T Google
Earth Engine( GEE) =5 FIFALAE AR ( Random Forest, RF) Hls 2= > B 15 2] A0 23 (0] 43 #8030 m AR IE
I FEHLIX 1987—2019 AFIZAF RS B0, HAR S 2R BE AT 35 85% 7 78 ArcGIS 14 i A AIF ST IX
WY 1 kmx1 km PR 85 GE T A AR A 30 m 23 AR 1 5 s A% ‘f‘ﬁ AR 3 23 (B 3 R 1 km 1Y
ke e T RO A A0

AR L1 BRSO SR VR T R vk N - V0 Rl A Hruls http ://www.nede.ac.cn/portal/) ,él'ﬂﬁ’;ﬁijﬁ
30 m, & H AR B H BEK S 2R A EicE >k R T 2875 i R 2= B0 E 0 (htps ;//data. tpde. ac. en/
home) , FHXTIEEE A FHFR S ARG B PR R IR T CHELSA S 545 (hitps : // chelsa—climate.org/ ) , %5 [0] 43 HE R
M1 km, R H BRI T ZE 01 2R LD BB B4 PO (hup ./ www.nede. ac. en/portal/ ) , %5 [8] 73 B
HHR S5 km, FFEGEIERIEINGR 1 Fs W T A B8 A T MR AR B B e e 5 F R AR AR AL B ORAIE BT
AR BAEA T8 5 — B0, B A PR R WGS1984, 23 [0 70 HEAR A 1 km, W H B9 BT A B8 I ) 58—y 1987 —
2019 4F,

http ; //www.ecologica.cn



8 4] ATSCIBL 45 A8 34 1L P R T P B 2 3 0 R X A A A Py i i 3703

®1 BSERSKBERE

Table 1 Sources of elevation and meteorological data

Hln e ] SrHEER P S

Data type Time period Resolution Source

AR L AR Qilian mountains elevation data — 30 m eI RSy €
% F 7K Monthly precipitation 1901—2022 1 km T 9 o SR 2 B

% HS.J8 Monthly temperature 1901—2022 1 km T A e SRR A B s

FEM K Evapotranspiration 1901—2022 1 km T 9 SRR A B T
AHXHZE Relative humidity 1987—2019 1 km https : // chelsa—climate. org/

KPHAR T Solar radiation 1987—2019 1 km hitps ; // chelsa—climate. org/

K Wind speed 1987—2019 1 km https : // chelsa—climate. org/

TR H T Snow days 1980—2020 5 km = G KR VbR 2 B o
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Table 2 Types of temperate steppe area changes and the basis for their classification

AL Type of change K504 Criteria for classification
i AN Significantly increased Sen o, >0, |z]=1.96

55 . 1IN Weakly significantly increased Sen >0, 1.64< | z]<1.96
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kAL AR R IR R R TR AR A AR AR L R (km?/a)

ABEFEIET Sen+MK & H o017 15 , 15 B AR E 1L v e I 1 s v B A 2 A 34 e AR AR IS 7Y 5[] A

http ; //www.ecologica.cn



8 4] ATSCIBL 45 A8 34 1L P R T P B 2 3 0 R X A A A Py i i 3705

(1 3) , B55R R . 1987—2019 4l M B0 J5T i AR UK S T i 34 | 7 2 25 () 2 A 3 829 m*/a, 553K 3
A AR S I A TRk 7289 km® ST AR AN 31.85% , 3B Afi 7 ] Ui R )L
ML DX, AR 75 T e LR L T U R, 5 R s i AR A 25 BT AR 16.09% 24, EE
FE AT AR AT WA i BRI I R LR R A SR TR AR TR Vb

A R T AR A3/ (m? km 2 a7

= :36839.5 LA
Wl B ] ek s
B g -27526 IR NTE 2V NTE S|

0 150 km
[—

B3 19872019 EREEFRARTHBBERTUEB=ELSH
Fig.3 Spatial distribution of temperate steppe area changes and trends from 1987 to 2019
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Table 3 Changes in temperate steppe area and proportions from 1987 to 2019

A Ap A AL R TR km? JIT 5 e BBl %
Types of changes Area of the trend in change Proportion
BFE W/ Significantly decreased 3681 16.09

55 4 /D Weakly significantly decreased 393 1.72
FAAE Stable 10934 47.78

55 5 N Weakly significantly increased 587 2.57
BTN Significantly increased 7289 31.85
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Fig.5 [Illustrates the changes in temperate steppe area and the corresponding rate of change at different elevations from 1987 to 2019
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Fig.6 Illustrates the changes in temperate steppe area and the corresponding rate of change at different slopes from 1987 to 2019
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Fig.7 Depicts the changes in temperate steppe area and the corresponding rate of change at different aspects from 1987 to 2019
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Table 4 Stepwise multiple regression model indicators and results of various climate factors for temperate steppe from 1987 to 2019
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Fig.8 The relative importance of the dominant climate factors in
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Fig.9 Partial dependence plots of dominant climatic factors for the temperate steppe
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T Desert 173.17 — — — —

B 12 Meadow 533.37 — — — —

WA ETT Total area gain 952.92 — — — —

F 6 2000—2019 FiBMEERELER km?
Table 6 Conversion of temperate steppe from 2000 to 2019
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Fig.10 Trend of dominant climatic factors in temperate steppe
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