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Abstract: In the last 30 years, a series of spatial changes of vegetation types in different gradient zones has appeared in
Heihe River Basin, where belongs a typical ecosystem transition zone in China. In order to explicitly analyze the dynamic
change difference of vegetation types located in the different gradient zones of Heihe River Basin, the multi-source data of
440 field sampling data of vegetation types, vegetation spatial data of vegetation distribution in 1980s, remote sensing
images, climatic observation data and DEM data were collected and preprocessed. Based on the vegetation distribution status
and terrain characteristics of Heihe River Basin, the gradient zones of vegetation vertical distribution were classified into 6

vegetation zones of oasis farmland and desert zone (altitude<<1700 m), desert grassland vegetation zone (1700<altitude<
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2100 m) , dry shrub steppe vegetation zone (2100m<altitude<2500 m) , mountain forest and steppe vegetation zone (2500
<altitude<3300 m ) , alpine shrub and meadow vegetation zone (3300 <altitude<3800 m), and alpine cold desert and
meadow vegetation zone (altitude=3800 m). A spatial analysis model of vegetation vertical distribution and a correlation
analysis equation between vegetation change and climatic change were developed in this paper. The results show that the
dynamic change rate of vegetation in the whole Heihe River Basin is 25.75% , and the total area of change is 2.0312 million
hectares between 1980s and 2010s. The change area of vegetation in the oasis farmland and desert vegetation zone is the
largest (0.7224 million hectares) , and the change rate of vegetation in the mountain forest grassland vegetation zone is the
highest (56.93% ). The mean annual biotemperature ( MAB) and total annual average precipitation ( TAP) in the six
gradient zones of vegetation distribution showed an increasing trend, in which the increased rate of precipitation presented a
downward trend with the increase of elevation altitude, while the increased rate of average biological temperature showed a
continuous upward trend with the increase of elevation altitude. The correlation between the vegetation dynamic change and
the change of MAB and TAP in the low and middle vegetation gradient zones were generally higher than that in other
vegetation gradient zones in Heihe River Basin from 1980s to 2010s. The sensitivity of vegetation dynamic change to climatic
change in the desert and steppe vegetation zone and the dry shrub and grassland vegetation zone was higher than that in

other vegetation zones between 1980s and 2010s.
Key Words: vegetation type; vertical distribution; dynamic change; Heihe River Basin
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BB AR A XA AR A i 7 5 A3 AT i B AR EAT, FER SRR | B OREHG  Redd H 3
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Fig.1 Spatial distribution of vegetation in Heihe river Basin in 1980s and 2010s
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JER 2.39% , Horp, i 1 SRR Bl AT 48 A R (BN 12.48 mm) | ST AR T 5 3E 185 1 A B8 i s B (B T
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B AR YR EETE A BeN BT 0.62°C, ETHIRBE SN 11.42% , b Sk ATV ST T 19 -4 A4 )
TEE AN (ETF 0.80°C ), (EH:HE i B d5g /N (B 7.50% ) e L) FE B8 B A A 40 1140 - 340 A 0 7L 8 4 o e
/NCETFF0.30°C) HH EFRIEE e ( BT 37.97%)

F1 BARBFEAHEMBEEMBRKNEERETL
Table 1 Changes of mean average biotemperature and total annual average precipitation in different gradient zones of Heihe river basin

between 1980s and 2010s

IR RRCEE7H
. ) " Total annual average precipitation Mean average biotemperature
W LM — -~
L BT Ll A
Gradient zone of vegetation distribution 2010s— 2010s—
1980s/mm  2010s/mm Change 1980s/°C 2010s/C Change
1980s/mm 1980s /°C
rate/ % rate/ %
SN Al
49.94 57.25 7.31 14.64 10.66 11.46 0.80 7.50
Oasis farmland and desert zone ( < 1700 m)
Tie T B A Y
170.04 182.52 12.4 7.34 7. 7 N A4
Desert steppe vegetation zone ( 1700—2100 m) 0.0 82.3 8 3 % 8.73 075 9.40
T AT A
Dry shrub grassland vegetation zone 252.63 264.62 11.99 4.75 6.30 7.00 0.70 11.11
(2100—2500 m)
L R SRR
Mountain forest and grassland vegetation zone 368.11 375.38 7.27 1.97 4.18 4.81 0.63 15.07
(2500—3300 m)
i L A RE A AL A
Ipine shrub and meadow vegetation zone 462.26 466.04 3.78 0.82 2.40 2.91 0.51 21.25
(3300—3800 m)
i L TR AR A
Alpine cold desert and meadow vegetation zone 596.31 598.89 2.58 0.43 0.79 1.09 0.30 37.97
(= 3800 m)
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RURY 268 B e T A DI, Y] G S JER | BT T R AR O L TG 7R Y R e 2 B8 3 A AR B — | B LA /2 5
TR RA Ll | RR DX 0 55 16 = A2 AR B S A S IR kol 3, B A 3% 1L Db DX B PR AL B2
(S. sareptana var. krylovii) FE RS B R g a1y p i R e X ) SRR B R R gl 2 A T T ARk
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Fig.2 Spatial Changes of mean annual biotemperature and average total annual precipitation in different gradients of Heihe river basin

between 1980s and 2010s
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BASARAE N 25.75% , Hip, BRI EWI(S. oritrepha ) MYk /D 3 B Fe P, 78 1980s—2010s #A R I /> T
95% , T W 2 AZ RIS N B2 5o L 7E 1980s £ 2010s HAMBIHG AN T 96% ., 5341, B 5 ( Carex sp. ) -4 2 5 ) F 4
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SRR AL S P D 2) BB ARTH AR B, 78 1980s—2010s 1 ] 54> JE ] it AR B 73 A = 284k
AT AR 203.12 77 hm?, HoH A5 /N22 KR -AAITESRE - 0] H 28 - AC - AL el 4R 3R 9 28 55V W 2 B e Jon il A e
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AR TR SIS S . SR T IR R BRI TE 3 B0 AT B U AR A B AR e RO RURE
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FNTEBHT e IR SR | TP A e SR ey L e M e S A A 5 L DA o) A ol R 1 1) FE B
BT 6 D B N LR B AL 2 A [ A2 A i, Hrp | 2 A FH S Bt 1 DL S A e 26 2 Ry 21400
( Reaumuria songorica) e % , 0 FUE /> 7.95 J7 hm?® 5 3¢ T 50 JEUAR 98 7 10 P S AR 9l S A A 3k 35 ( Sympegma
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(Imperata cylindrica) %5, 10 AWK 2> 5.74 J7 hm®; 1L H 2% AR B J50RE 4 Ay 04 0 4R Bk 26 AL SN VG JL EF P
(S. sareptana var. krylovii) 5, TH A8/ 6.36 J7 hm® ; 3V /55 LU 34 P\ S50 4a) AR08 HF 0 DI 4 A2 9l 28 80 Ay /)N 3 B

http ; //www.ecologica.cn



4072 JAE = 41 4

( Kobresia pygmaea ) %ifa] RS /D 1.54 J7 hm® 5 e L FE 505 fa) ARG 19 D0 3540 4 21 TR0 A J2 /)N il
> 0.31 J7 hm® TV AR SR B PN A D00 S e IS B0 A oK S e i R T AR /L R
1980s—2010s HAE]IH /> T 45.45%,

7E 1980s 1 2010s P Be A, LU b ARAR L JSUAR BT P (A9 Bl S8 AR a5 (3R 2) L 34 56.93% , 4kl 4k
HH S ity PN AR 4 B S8 /N, R 7.73% BN A T S B8 (14 36 /N 22 - K R - W i - 1m) H 25 - A HE - el
SN T AL ARG i 2 (51 16.58 J7 hm?*) KPS S e I AU B 22 (9870 16.61 J7 hm?) ; Fia 165 B [ A¥ Bl Aty
TR T AR SRR AT DA 5 L ASOE A T RS e 22 (43 0 34 0 5.88 K1 4.30 3 hm* ), T 16 BT P 9D 6
BT 25 - K 36 B 5 SO AR e 22 (43 5002 1.07 J7 hm® K1 6.89 J7 hm?) ; LU M ZR AR HE JEUR #5717 10 75 8 o= A2
AREARR I 2 (12.22 75 hm?) , PUACAET 20 R B8 A 5 22 (98070 6.36 J7 hm* ) 5 0 /=7 L A 5 ) AR B HY 11
B SR RSB AU N2 (HE N 1.84hm?) | FEE HL (K. humilis ) WA AR D iR 2 (1800 4.93 75 hm?*) ;& 1L FE€
VR R R 11 7K B 25 S - XU 4 A A TR AR N e 22 (9 3.68 U7 hm® ), HL TS R ) 14 T B e 2
(/> 13.86 J7 hm*) ,

A, TR
JE R, 78

x2 BARESERESAHEE

Table 2 Dynamic change of vegetation change in Heihe river basin between 1980s and 2010s

, et FEBEE A ST R H o S AL
HEBETR 347 % | USRI
o . o Total area of vegetation Change rate of
Gradient zone of vegetation distribution R .
change/ (10000 hm*) vegetation/ %

LRI04 SR
Oasis farmland and desert zone 72.24 773
e T gk A
e B JEAR A . 20.14 31.88
Desert steppe vegetation zone

TV AR AT B
P AR S B . 16.19 37.10
Dry shrub grassland vegetation zone

e PN

IJJﬂﬁffﬂ/f\EJE}rﬁﬁﬁ? _ 43.26 56.93
Mountain forest and grassland vegetation zone
Fe LI A WAl
R LA R R _ 2251 26.88
Alpine shrub and meadow vegetation zone
fR L T ) A B 28.79 23.64

Alpine cold desert and meadow vegetation zone

2.4 BRURE B IR R B A 1) Bh A AR AR

Sk TR G b AR 7 T I SR 1 A3 A AR AR A 4 B A AR I T S R B A R R A AR
i BE T 0 A T LB R T4 T A R T Y 10 R ALK g ISR, I X HAE 1980s 1 2010s 54> B PN
FIBhASARANE DL HEAT 25 RN Ge ik (36 3) . /e M4 R Bon, SR U AR 5 B At Y 4 4 ik 6 TUR ( Kalidium
cuspidatum ) e AN TAHBE (/N 227K R -l it 3e- 1) H 28 - A E -2 el ) 38 fin 332 e R, 43 59100 39.929% il
38.28 , W3 i TIZAE WS N T 28 BB 5801 7.73 % ; 2 55 05 JEOAR WAy 9 8 N T AR (/N2 /K e - it
Se-I) H S HAT FH A4 el ) 3880058 B e 1, 1980s—2010s HRIIE NN T 62.06% , 1% A #HF PN AY 75 16 2= A2 AR 4
T 5 TV AR T AR DI PR 145 Sk e T o S8 B8 e R, 80 T 82411 % 5 L1y by AR AR LA B A PN Ak
BRI IR DR, LR T8 23 A2 PR 4 S A VE DA, B4 TN WG B2 40 30 853K 774.34% ,197.06% Fl1 169.84% 5 1 LI TEE M
B AR AL I P A I RS JRR B S T 0 e R, BE N T 228..00% , i B A L1 M-4: 78 M- 45 49 L ( Caragana
jubata) UL 100% ; 55 111 FEWE AR R BT P 9 4 8 M ARG e DR, 380 T 54.50% , 10 5 1 2 AZ Mk 20>
T 88.32%,

AN AR ER TR BRI T ARG (/N2 K R -WE -1 H 25 M A -4 P ) ZE SR AR FH S iy | i i
R TR R T AR DR e Y S R R A A A e B A D R AR SR g B R A4
28 A -7 P B X LT A 7K 3 X A L B BTV 2 R s R 45 % e T DA L b 8P e S B Y | v
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LY P DA o A O D g L TS A ALy S a3 T s A MR S e AR Bt i LR DA e e A
R e 1L T P R AR Ty S el I B 7 L M R AR SRR Y S DRI RO B g L DA R A AR 1) Sk
BiRLESY/SUBI SIS SE N

R3 AREERBEREWRTANELE

Table 3 Change rate of classical vegetation types in each gradient zone of vegetation distribution

ERABRELF A A R

HEBTE FLA A Change rate of major vegetation types/% Change rate of al
Gradient zone of vegetation distribution .
Vi V2 V3 V4 V5 V6 V7 V8 VO VIO | vegetation types/%

S TRPRITAITN
SRR IR 0.2 3828 000 000 000 000 000 02 -227 029 773
Oasis farmland and desert zone
b . 7.88  62.06  0.00 0.00 0.00 0.00 -100.00 0.00 245 =279 31.88
Desert steppe vegetation zone

PV SR A Bl
THARARRE . 342 2764  0.00 0.00 0.00 0.00  40.54 0.00 370 8241 37.10
Dry shrub grassland vegetation zone

Hb R T B
- @Mﬁﬁ@ﬂiﬁﬂ? . -0.18 -58.77 15.73 8.70 0.00 169.84 197.06 0.00 0.00 774.34 56.93
Mountain forest and grassland vegetation zone
AN i
m[{](ﬁ;ﬁﬁ]*ﬁ%}i?ﬁ' ) 0.00 -100.00 19.35 157.77 1.22 103.20 -26.29  228.00 0.00  0.00 26.88
Alpine shrub and meadow vegetation zone
FAlIE ST AR i
Rl B 0.00 0.00 1147 2457 145 5450 -88.32 4429 0.00  0.00 23.64

Alpine cold desert and meadow vegetation zone
VI—V10 J 10 RIS S , For VI ARRRM IO, v2 (CRE/NE /KR8 - BRI - 1 H 38 -ffe /A8, V3 ARR BB R -5 B Al - 5 -4 X L
I\, V4 RRFKFES H ( Saussurea medusa) / WEH (Saussurea japonica) FHiHIH:, VS REH 25 (Ajania tibetica) HORHIHE, Vo RESBMEMN, VI REFIF LMK,
V8 {RERIBERIRE (Ephedra preewalskii) S, VO FURLBDIHE, V10 X3 KB

2.5 WS IY AR B AR XU B AR B0 I A

R Y S b e 7 PR AC A R T R b AR S A S AT AT 249 A T B P A A R K A OB
AR EE AR L5 Z, T AreGIS 172 (6] 73 A 6% BR Xk 28 ] 3L a8 1A 44 6] B 100m 1) A i 2l 25 A2 AL R
( AS ) AF-F25 = Wil B2 A2 A ( AMAB ) FISF AR K B AL (E (ATAP) HEAT 25 M GE T (3R 4) o JFXF AT it ek
AR 2R YN A HISTEBEA e I8 AT JEARL Y T PERE A JEURE BTy | 1Ly e R e SR BT | v L8 DA o AR T g
LUy FE VLR ) R MY 7S AN T L N AS  AMABRTATAP WA G HEHEAT 00T, 255 R, AN iy L S Y5 5 fa) A
Y A R A sl 257 A AR A5 A A W L S A (BRI B4R R K 22 A B AT I35 AR DG, o AR R K A 22
P 2 TR SR (P<0.05) |, 5 4F A Wit B2 R AL S A . 25 AR 5E (P<0.01) o 5340, NTiEdk 4181 Fa 100 m AYARME
IR, B TR A T e 58 R 5 R DA T R I 1 AMAB 2 5L T i 4 i #a F ATAP B B 15 25
SE A IR AS A6 Tie T8 5 SO PN R A S 10 T A 5, 7 1 1 A e ISR A8 P UL AR B2 i e 3, LA
B AR, ST A AMABHIATAP R AR 94 8 25748 1 BA AN R 54 9K S 8800, AR A A [R] ) AR 9 T A L
TR SR N A7 75 2 3 B 2R

x4 BARBERESANSEALESEERNEXILE

Table 4 Correlation between vegetation change and climatic factors in Heihe river basin

TR B A3 At o~ - - AS SATAPHIM KA AS 5AMABHHCAE
Gradient zone of Elevation/m ATAP/mm  AMAB/C AS /% Correlation between AS Correlation between AS
vegetation distribution and ATAP and AMAB
MR IR (< 1700 m) <900 0.4845 0.0662 0.0345 r=0.62( P>0.05) r=0.39( P>0.05)

900—1000 0.3684 0.0661 0.0563

1000—1100 0.2425 0.0650 0.0773

1100—1200 0.1862 0.0694 0.1167

1200—1300 0.1522 0.0745 0.0408
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TR A i ik - - AS SATAPHIM AS 5AMABRAR M
Gradient zone of Flevation/m ATAP/mm  AMAB/C AS /% Correlation between AS Correlation between AS
vegetation distribution and ATAP and AMAB
1300—1400 0.1220 0.0789 0.1050
1400—1500 0.1039 0.0817 0.1444
1500—1600 0.0940 0.0862 0.0848
1600—1700 0.0850 0.0898 0.0806
FEB R FRIBAR (1700—2100 m) 1700—1800 0.0791 0.0908 0.2574  r=-0.81((P>0.05)) r=0.76( P>0.05)
1800—1900 0.0760 0.0922 0.3792
1900—2000 0.0725 0.0952 0.4062
2000—2100 0.0686 0.0977 0.3988
FYEHE B JFRTRE (2100—2500 m) 2100—2200 0.0606 0.1026 0.3998 r=0.79( P>0.05) r=-0.78(P>0.05)
2200—2300 0.0507 0.1102 0.4248
2300—2400 0.0431 0.1157 0.3336
2400—2500 0.0379 0.1209 0.3285
AR JFAE B (2500—3300 m) 2500—2600 0.0357 0.1232 0.3342 r=-0.55(P>0.05) r=0.36(P>0.05)
2600—2700 0.0315 0.1294 0.4514
2700—2800 0.0251 0.1391 0.5953
2800—2900 0.0217 0.1469 0.7003
2900—3000 0.0177 0.1563 0.7476
3000—3100 0.0138 0.1674 0.7407
3100—3200 0.0107 0.1789 0.6160
3200—3300 0.0100 0.1878 0.4573
e LU HE B A RELRHS (3300—3800 m) 3300—3400 0.0104 0.1935 0.3065 r=0.19( P>0.05) r=-0.23(P>0.05)
3400—3500 0.0098 0.2023 0.2690
3500—3600 0.0077 0.2129 0.2947
3600—3700 0.0071 0.2219 0.2564
3700—3800 0.0062 0.2337 0.2951
e L FE R R A (= 3800 m) 3800—3900 0.0051 0.2493 0.2539 r=-0.49( P<0.05) r=-0.81(P<0.01)
3900—4000 0.0045 0.2659 0.2614
4000—4100 0.0034 0.2878 0.2802
4100—4200 0.0023 0.3162 0.2868
4200—4300 0.0018 0.3481 0.2500
4300—4400 0.0014 0.3765 0.2378
4400—4500 0.0020 0.4034 0.1823
4500—4600 0.0027 0.4341 0.1338
4600—4700 0.0045 0.4655 0.0916
4700—4800 0.0072 0.4961 0.0483
4800—4900 0.0079 0.5404 0.0380
4900—5000 0.0085 0.5643 0.0324
5000—5100 0.0077 0.6332 0.0179
>5100 0.0065 0.6764 0.0000

AMAB (mean annual biotemperature ) FIATAP (average total annual precipitation ) 7351 A4 [ F% 100 K (1475 359 A 40y 30 5 RS- 3547 R K A ARAR ;. AS Shyitgdk 1o
100 KA B BD AL LA
3 e ESER

31 g

2010s AF-AR ST 37 Yol bl 4 2 0 25 (R 43 A 5000 1) SR IS SRR BH , 245 6 22 T i 40 SR 18 JEG AR Bl | B b 5K
MR R A S5 B | D B SR R | A 0 B | PR g Sk B LB 32 ) Google Earth AF- £ Al
ArcGIS 25 [a] il B A BT 51, AT LA i 450 S 80 2 T 3t Jal A g 25 780 24 (] 0~ A 00 1) sk B, i ELRE e A
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RR AN BT T R — RS B (AN NDVT) X 2 el g 28 Ak E A 740 BT A Sk B 7 . 19805 T 2010s 5
A} B 1) ST A AN ] E ELBR Bt L AR AR T 25 S 0 e BT e B, ST AU B 5\ DEM Bl S AE B o A
b€ e RSt R N BT W e eSS B R [/ 407 N [ e = e ol s et 61 7  i URCT D E @  E S  e  W N [E
Tofs B L (1A A e 28 780 ) 2 AR Ak B S AR B AR AR R Wi [0 56 R A T S AT . R S R SR B AT
VR AR JEUREL 5 (1) R 20 2 8 A5 A - 359 A e 32 AR A /K P A S v 1 b R e, A RIGIE 52 T 3 PR A A
T 2 BAFL Y A2 T X A8 A b 1 CIRR A v T Al A R Y PN AR AR T X A AR A 1 BEURR P 1 A DG A 5 2
W A T LRI AR HFEIEAT e TR SRR Bl T VR DA A o A4 T L e A AR 4T A (R AR B
iR S BN 55 ) R AR AR R GEAE 1980s Fl 2010s B A Y A8 Ak e B v T oA Al g7 | a3 — 20 3R T A28
TG S T T AT 38 I VAR 7 A A R B K T X v VAR AR A G T iR

FA, E AN R AT W, A 2 P X S AR A A 2T Bl R R A X 3T e A A A
X35k P AR S TR R HG 22 P 1 43 A1 B 45 5 32 31T 49 A W ik B R R K A AR T 2R R A S T T R A
AR R I, SRR A S T MR G A A VAT | S e AT SR AN ] BB L R 2R R A B S
P B B X AN () A B 2R AR ki o7 A s B8 22 S, NSO e At A 285 YR e 1 e AR 2 A A B < f
AR Ak Ry ELA i 68 SO T LT R RUE T A b A= A 78 A P i o A 9 g LA e 15

FEIGSEMIESE TAE T Kt — 20856 B R o0 BE R 0 8 B, B B 2 40 A B 2450 1) S MR S5 858 , %
P 3052 0 S 338 190 T 55 i 25 5, X6 9 3 PR 465 L e IS AR R A7 TR 51 R AR B 0 17 7 1 1 45 AL 2 AR 0 B R S
B BEA T, XoF BT SR A She e e 2 AR R LT 50 AR 738 A s A AR
32 FELR

PR S R N AR S 5 | SV B AR I | T P A R TR el | L b MR R S A Al L T A B )
L ety 0 e L B o) R Y 7SR 8 T A A ) - 34 A R B R P B4 B KA 1980s—2010s RIS |1 2
B s, b BEK A SRR T S T RS T T X A T ) 1 R 0 B v R R S e
kN

£ 1980s 1 2010s P Bt P, BAIAT 30 M 4 2 AL 43 A A= A8 AR IR TET AR /35 3K 203,12 J7 hm*, SR fL R
H25.75% . FHorh, & /NAE - KA - WEESE - 1) H 2% - A B - A4 el 4R 1% 28 U5 AR 4 218 AU o i AR 22 (185
20.0373 hm?) , A LU JEMIEE M\ S 3 e bR (U800 95% ) o AN [ F 4 2 M5 B9 XoF LU 20 A 36 B L e 0 v 3
FEHEHT (2500—3300m ) IS AL i b, 28030 56.93% ; 45 A T 3iE 5 Vb B A (1700m LLF ) Y7284k Fet |
AAIEAN R 7.73% , 10 AR A Rty P R e 3 A5 70 A 0 5 451 24 A6 e B R 34 R K A A G R B0 {4 |
o T AR B

S BV T SRR S R SRR AR R B R, Herh A IR B TR B AN T T
VEW AR S P b i 2 | e R DA TR AR SR Ui/ 3 s 5 v e T 4 B ) T € E PN 75 955 S TR AR U7 40
B S TR0 ) T BB AR SR R 35 T AR g i B B O 3 S R ) s ke B R TR B
BRI VKN AR RS G Bk, TR ARk,
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