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Abstract: Against the backdrop of global climate change, precipitation patterns in desert steppes have undergone varying
degrees of disturbance. There is a particular significance in recognizing these alterations for both the hydrology and ecology
of the changing environments of desert steppes. In this study, daily data from three meteorological stations located in regions
of different precipitation gradients in the Darhan Muminggan Joint Banner were used to analyze precipitation patterns in
desert steppes and their variation characteristics. Unlike previous studies on this topic, this research utilized precipitation
events from areas of different precipitation gradients for comparison at the same temporal scale. Precipitation events of
different levels were analyzed to determine the precipitation composition of desert steppes and its spatiotemporal variation.

The results indicated that, overall, as the annual precipitation decreased, the fluctuation in the number of precipitation days
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and the precipitation amount in the study area gradually increased. Also, the fluctuations in precipitation amount were
significantly greater than the fluctuations in the number of precipitation days, which meant that precipitation amount had
greater spatiotemporal variability than the number of precipitation days. The proportions of the number of precipitation days
of 0—5 mm, 5—10 mm, and >10 mm precipitation events were 77%—80.9% , 11.5%—12.2% , and 7.6%—10.9%,
respectively, while the precipitation amount proportions of 0—5 mm, 5—10 mm, and >10 mm precipitation events were
25.2%—32.2% , 21.9%—25.4% , and 42.4%—52.9% , respectively. The mean precipitation amounts on a rainy day with
0—5 mm, 5—10 mm, and >10 mm precipitation events were 1.2—1.3 mm/d, 7.0—7.1 mm/d, and 17.8—19.2 mm/d.
From the annual distribution of precipitation events of different levels, which were affected by the combination of the
southeast monsoon and the terrain, it could be seen that the 0—5 mm precipitation events were mainly concentrated from
June to September in the growing season. The 5—10 mm precipitation events occurred mostly in July, and the >10 mm
precipitation events predominantly occurred in August. Both the amount of precipitation and the number of precipitation days
showed an increasing trend in the study area. A major feature of pulse precipitation from 1960 to 2013 in the desert steppe
region of the study area was that 0—5 mm precipitation events showed an increasing trend in terms of both the precipitation
amount and the number of precipitation days. In the Bailingmiao and Mandulla regions, where annual precipitation was
relatively low, both the number of precipitation days and the precipitation amount showed an increasing trend for all
precipitation levels. This was another significant feature of precipitation events in the study area. However, in the Xilamuren
region, where the annual amount of precipitation is relatively high, there has been a shift in the internal precipitation
structure from large and medium precipitation events to small precipitation events, although the annual precipitation
continues to show an increasing trend. The annual precipitation and growing—season precipitation had 2.84—4.5 a main
periods. The differences among the precipitation gradients are inconspicuous, and from the perspective of the precipitation
events of different levels, the overall trend indicates that the higher the precipitation level, the shorter the cycle of

precipitation events.
Key Words: desert steppe; pulse; precipitation pattern; variation; spatiotemporal analysis

B A 2SR G TR R R R Bl R S R G, IR AT A5 R R AR R b T PR 2 5 - T AR 41.7%
T VB e S Ay D 1S Y e I T L A H g A S AR B R S i S A 2SR B A H T M
G, FEARZ R ZR T B BRI Ay 2 5 i T55 5 JBURE W 25 8 I s h SR A ) AR IR R
ERf B XS A PR 2R s A S e A B 0 R A R B B Bk s Bk s K 5 K 1 B
Tk 874 ( Resource pulse ) il 7 &1 22T R MU X A8 R G B A0 9K 3) ) O R TR K S R K
UE o PR e B, DX A 257K SCHIL R LA B A A 2 K S

R AR SR AEAR R 9B 3E 1 DA A A 25 Jmy | AN () S R B /K A 98 3 DIl A 285 Jmy b R4 P E A
[l SVARG, T 52 T S X RK R B HAE R K, AR SE R BRIk /N K A R A%
X AR R K i B TTIRAR /DN, TR K A 2R A A A1, A5 B K R Y BTk R ) 7 A BRI T P 45 T
FEIXHAT FEAU B IK S JR) o Sala Al Lauenroth™ ™ B 5% & BLAL I B 5 <5 mm (R /K F5 48 7 S REAK S04 0 70%
FERE KR 25% ; FRAEANE BRI 1956—2009 4E H F K GO I3 Je 4 20 HE e o J Ak A% Jmy itk 743
BT, R <Smm FEIRK AR L BIA 81% 5 16 5 A 5 (0 B P F 5 MRV B b, 3k — Ut T 90% 7

R KA AT B2 1 5 DX AR 25 R e b 4 T A T ) S B R PR 1, 380 P B 88 () I 2 72 S
iE, B S ]t DX A AN [t FERK e 2B I i) B AR T RE LA RO 25 et RV TR T2
by DX K S BRI ST R 2SR X R 1 i — Mt DX Bty () R K S R AT 43 B, AN [ R 24 ok 8l P o K S A
DWEE R AT [R]— I AR TR BUXS EE . HAh PR SRS A ZETE S 52 T | 76 352 L J5L [ K A Jmy . 32 B A []
FREEE SN, AT AR I Aty AN [R) 8K S G R K A (A R 25 AR AL R A AT Bl 1 AT S 2 b L A 57 1 o i A S G

http ; //www.ecologica.cn



16 1 K= 2 TR I KSR A Jr B HLi 28 28 A RR Ak A 3

555 1) L5 A 2SR AR ) ORI I DG TR A PRI e V5 S R K 2 B A I (AT i AN A, AR
WFFE LA S A DX UL RS 355 A it DXk 7R 575 5 A e 5 B 491, 20 A (2 -0 5 DO [R) R A 1Y 3 1R
1960—2013 4 H B/ A% Ja) SR 23 B AUARAE , DA A 4 RS AR 56T N 5800 TR BERE IR R K S fu a3 oy
R T AR B S AR S B R BT A SRR

1 HREH®

1.1 BRI

WFSEIX o TS 3 X TP TS A T 2208 4 S8 T3 17, 2RI 18177 kan?, A
B 109°16'——111°25'E ,41°20'——42°40'N,, BFFY X HIE B imi LA, S ¥E 4K 1400m (18] 1), 2 AR M5
IHIER Rl AT, Z2 4RV KR K it 253.45 mm, Z4EF-3 <l 4.12°C , 24 P49 %8 K 1 2480.57 mm (E601) .
AT i ] A R 2 e B 2 T T N S R BT O, e e ] BT AR A% BLINLR o P DX R DS 4 O = il
RURE BT /NEL 3 (Stipa klemenzii) | 50 T 3 (Stipa krylovii ) , TG 15 Bt F % ( Cleistogenes songorica) | JE AL EF 5
(Stipa breviflora) %5 ,"F-HIFE B 55 30% 45%

42°30'N

42°00"

;91 D - A i%ﬁl’j
i—'_ T e Gaar=\ w0 1835
R h (=& L
SRR Y NG b {1046
[ P B = R
Y
109°30’ 110°00’ 110°30’ 111°00’ 111°30'E

E1 HREMEE

Fig.1 Topographic overview of the study area
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Table 1 Precipitation and precipitation days of different precipitation gradients

S 43k Station F P Xilamuren T RJE Bailingmiao Wi#HL Mandula
Rk H 4L ZAR 79.3 61.7 50.1
Precipitation days/d A5 2R E % 15.8 21.3 20.8
KT 60.1 49.8 40.3
5 R % 16.4 15.7 16.7
Rk it EZe ] 282.9 244.0 160.4
Precipitation/mm A5 B % 24.8 26.3 32.0
HERE 266.6 232.6 151.1
5 R % 25.6 26.5 32.8
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Table 2 Characteristics of precipitation events of different levels

FiIK 525 Precipitation level 0—5 mm 5—10 mm >10 mm

LR Station AR OWRE MR AR WA W AR HRUE W
Fé7K H %X Precipitation days /d 61.9 47.5 40.5 9.5 7.5 5.8 7.7 6.7 3.8
A8l Proportion /% 78.1 77.0 80.9 12.0 12.2 11.5 9.7 10.9 7.6
75 5 28K Coefficient of variation /% 17.0 24.3 22.7 34.1 36.5 47.4 39.0 44.2 55.3
[#7K & Precipitation /mm 74.8 61.4 51.7 67.6 53.4 40.7 140.4 129.1 68.0
A5 Proportion /% 26.5 25.2 322 23.9 21.9 25.4 49.6 52.9 42.4
AR 57 2B Coefficient of variation /% 19.9 26.9 24.1 335 36.6 49.6 42.7 46.2 62.6
Fa7K H R i

1.2 1.3 1.3 7.1 7.1 7.0 18.2 19.2 17.8

Precipitation on a rainy day/mm
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Fig.2 Annual distributions of precipitation days of different precipitation levels
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Fig.3 Annual precipitation distribution of different precipitation levels
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Fig.4 Variation trends of annual precipitation of different precipitation gradients
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Fig.5 Variation trends of different precipitation gradients in growing season
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Fig.6 Cycles of different precipitation gradients
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Fig.7 Variation trends of 0—5 mm precipitation events

£ 2.35 a F13.0 a YR, KT 10 mm FFEK H BRI H 2.0 a,

MAFIREK SR K R IR E (B 1), AP X 0—5 mm FEKEEA 4.15 a (AN, 5—10
mm FFE7K N 3.86 a A1 10.8 a, KT 10 mm FE/KEEIHR 2.0 a, A RJEHLIX 0—5 mm FEKE A 2.0
a M12.57 a,5—10 mm FE/K WK 6.75 a, KT 10 mm FEK I EW A 2.57 a F1110.8 a, #ERPLHLX 0—5 mm
Bk HA 2.7 a F16.0 a (9], 5—10 mm FEZKEEISN 2.25 a F13.18 a, KT 10 mm FEZKEHIIN 2.0 a,

SEHEARTIE RN | 38 2R 5 I 22 KA JE 11 R 1] BT B 1 W ) R R B 22 e, AN T2 Bk L Bl J2
WK E AR LA AR R I LB s ) a3, FLIREK RS ok i B AR AR (a3, Uit oE IX A R ek S0

http ; //www.ecologica.cn



16 1 K= 2 TR I KSR A Jr B HLi 28 28 A RR Ak A 11

A AR~ (5—10 mmPfok HH0) H R (5—10 mmPEzk HE0 Wi#ERRL(S—10mm FEok H %0
- ERFBEORHB — 5algh Py — S alzhr)
20 14
o8
> 16
>
55 )
ZE 10 !
£ ¢ o
£ 4 M|
2 [ y=-00137x+ 36,788 z [ y=0.0223x - 36.931
1 1

960 1970 1980 1990 2000 2010 960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010

—UB — UF - - a=0.05

UF-UB

.5 -3 -3
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010

F P (5—10 mmpk &) A Rl (5—10 mmg K &) HHRHL(5—10mmgE 7K &)
—o- KT 10 mmiFKE  — 5 alFEh Bl — &Pk a¥FEhoEH)
140 120
120
c T 100
£ 100 %0
E'@E 80 o
g2 60
g 40 40 \ b
20 6 ]y \
20 1 ——0.0625x + 192.58 $=0.1499x - 244.71 0t S 8 200046 406,34
0 oL .. :
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
—UB — UF - - a=005
3.0 25 25
2.5 20k - - - e e — - - 20k - - e e e e o - - -
%(5) __________ 151 1.5
1.0 (1)-(5) f (1)(5)
s 0 /\/\/W)c(\ 0 0]
K 05 \4 W sl V.V \\/ 0
o -10} -1.0
-15 15} -15
20 boeoooo oML ] )
25 25l 25
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
Ay Year

B8 5—10 mm FEKEHTHHERE

Fig.8 Variation trends of 5—10 mm precipitation events
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Fig.9 Variation trends of precipitation events greater than 10 mm
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Table 3 Variation characteristics of precipitation in the study area
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