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Spatiotemporal variation and its causes of thermal environment in Shaanxi

province coupled with remote sensing and ground monitoring

FENG Xiaogang , LI Meng , LI Fengxia, ZHOU Zaihui
(School of Architecture, Xi'an Univ. of Arch. & Tech., Xi'an 710055, China)

Abstract: Based on the data of 60 ground meteorological observation stations from 1970 to 2013 in Shaanxi
Province, and assisted by MODIS data, the spatiotemporal variation characteristics of thermal environment in
Shaanxi Province during 44 years were studied by using the constructed thermal environment differentiation index,
and the causes of spatiotemporal variation of thermal environment were analyzed from two aspects of nature and
social economy by means of the geographical detection method. The results showed that: (1) The monthly average
temperature in Shaanxi province had the largest variation in northern Shaanxi, followed by the Central area and the
smallest in southern Shaanxi. The monthly average temperature after 2000 changed significantly from that before
1990, with a positive increase of 79. 8 per cent in the month of 60 observation stations. The variation of average
temperature of four seasons in the Southern, Central and Northern areas showed that the temperature increased
significantly in spring and autumn, and the variation was the smallest in summer and winter. Meanwhile, the
lowest temperature in winter showed a downward trend, while the other three seasons showed an upward trend
slightly. (2) The temporal and spatial distribution of temperature in typical years from 1970 to 2013 showed a
decreasing trend from south to north and from east to west. Among them, the Central area had the most significant
changes, followed by northern Shaanxi, and southern Shaanxi the smallest. (3) The overall thermal environment in
the Central area was the worst, followed by northern Shaanxi, southern Shaanxi was better, and the overall trend
was increasing. The TD index changed greatly, showing a trend of ups and downs, indicating that the thermal

environment differentiation in different regions of Shaanxi Province in 44 years was different due to different
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locations. (4) Geographical detection results showed that the main natural factors affecting the atmospheric

temperature change in Shaanxi Province were altitude, evaporation and relative humidity, and the main socio-

economic factors were park area per capita, greening coverage rate and urbanization rate.
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Tab. 1 The average temperature of Southern, Central and Northern areas of Shaanxi province from 1970 to 2013
e B R L X 5K Hp i X Bt i X
EE  HE KE AXF K% HE KE XF £F HE KE 4&F
1970 12. 66 23.85 13. 04 2.69 11. 90 24. 44 11.76 0.17 9. 39 21.79 8. 64 —4.18
1980 12. 60 22.34 13. 31 1. 66 13. 81 24. 30 13.78 0. 25 10. 53 21. 87 10. 54 —4. 38
1990 13.59 23.76 14. 71 2.51 12. 96 24.49 13.93 —0.17 10.88 22.39 11. 60 —3.00
2000 16. 09 24. 05 13.29 3. 05 15. 48 24. 64 11. 88 0. 23 12. 81 22. 84 9.83 —2.99
2013 15.96  24.39  14.30 3.30 16.67  25.86 14. 03 1.21 13.99  23.11 10. 79 —2.40
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Fig. 1 The difference between the four-season average temperature and the annual average
temperature from 1970 to 2013 in Shaanxi province
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Fig. 2 The changes of the four-season average temperature from 1970 to 2013 in Shaanxi province
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Tab. 2 Annual average temperature, maximum and minimum temperature of Southern, Central and Northern

area during the 44 years from 1970 to 2013
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1970 13. 06 17. 30 8.30 12.07 16.11 6. 14 8.91 16. 29 3.25
1980 12. 48 18. 28 8.19 13. 04 15. 89 6. 38 9. 64 17.47 4.71
1990 13. 64 18.76 9.82 12. 80 17.55 7.01 10. 47 17.76 5.55
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2013 14. 61 18. 84 9.29 14.73 20.21 5.61 11.72 19. 83 6. 24
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Fig. 3 The difference between the average temperature and the 44 years average temperature of Shaanxi Province
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Fig. 4 The difference between annual maximum temperature, minimum temperature and annual average temperature in

Shaanxi Province from 1970 to 2013
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Fig. 5 The spatial chart of annual average temperature of Shaanxi Province in typical years from 1970 to 2013
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Tab.3 The TQ and TD of thermal environment of Southern,

Central and Northern areas in Shaanxi province in typical years

X
Eh B v L X KX Bk X

TQ TD TQ TD TQ TD
1970-1970 # 0.15 0.15 0.20 0.02 0.26 0.47
1980-1990 4 —0.08 —0.23 0.31 0.26 0.43 0.19
1990-2000 4 0.07 0.15 —0.12 —0.09 0.04 —0.22
2000-2013 4 0.17 0.1 0.09 0.24 0.08 0.35
1970-2013 4 0.31 0.48 0.43 0.57 0.81 0.79

3 uH. TQ F8% L 1980 4E Ay s [w] 45 p,
HAERRES . 36 v B b = b 26 Bk S5 5t 1k )
. B TQ 85I Ak a L1T, 1980 4E )
AT R, TQ F8HR i+ 0. 155 1980 4F
Ja, TQ $8 %0 5 Bk B b X 2k TQ #8 % % °F;
1990—2000 4FBRFG HLIX. TQ FEELIE N 0. 07, &
/N, FHH 1980—2000 4F R, Bl G Hb XA R
AR /N, B PR PO B AR B AL TARAL. 2000 4G,
TQ 8% AR, BRIt 0. 17, 3£BH 2000 4
J& . BRI AR BT ANE . % X 1970—
1980 4FH) TQ F8EL A+ F; 1980—1990 4E 8] TQ
SRR A, RN 0. 26, FHYIX —IF
i DX AR SRR 5 B A Ak 1990—2000 4F TQ F8
ke F4T; 2000 4R S, TQ 8%, Rit
BAN 0. 24, ARABREIA A 10 35 S AR 1k S S0k T
PIREEVE— B4k, BRIEHLIX 1970—1990 4E (8] TQ
FEECHE IR 2, SR FHE 0. 395 1990—2013 4F ]
TQ F8E e/ MEEE T G BAR TR, RitAstk—o.02,

I8 H R R TE T BRAb b X 2R 4b R R i i 45 2. 3
PRI HTBEVE A8 44 4F ) TQ F820 & I 56 v b X FAR
BRI R 22, PRIbIRZ, BER Rl

Berg X 1970—1990 4 TD 85038 ey 8. (£
3), Z ¥4 0.51, 1990—2000 4F 2R it i 2>
0.12, J5 TD {84 2 M Ffa ¥, 44 4Em) TD 48
BRI 0. 48, R HH X — e 10 B B b DXk T A
WEr R 2B . ko X 1970—1980 4F
TD 3% g e &8, 280 0. 23; 1980—2000
S TD 185 2RI T4, FRitwid 0.07; 2000
GBI ARG MM G, Rt o. 41, £l
X B X IIR E B 3. Bkt X
1970—1990 4F TD $8¥UB LA ., ZRitHn o. 66,
S PR G My DX 3X — Dy SEERE 3 AR Ak a5 Ay ) 2 X
1990—2000 4¢ TD $8%0/MiE TR, 2itEd 0. 22,
FEWH X — I 30 B b M X B0 PR 55 4y e A T I 4.
2000 4EJ5, TD M 0. 12, AR i /N T 56 b X
i, XXl T AO S fMEd, @ kRS
JC HARGHE, il 5 S rp Xl ok T AN R T 4 R
BeAR b i oM R 2R X I, HAR R o SRR B R .
3.4 BRERZETRENH

ARLAEZEE 7 A HERK R A 6 ME SR &
ol O B BE 73Ty R O S IS S A 1 5
A [5) b 358 1) A A Y 5 5 i) D) - 320 47 A 56 1 43 AT
GiRFW (R AMELD):

(1) Bewmg i IX., 52 M) Al B A G B R 38 K IR
MREW R, BIRE R LR, RPHIX, ZmEE
MUK Ry AR X 0 B L b 2 T B R R Bk b
X, S PN 38R IR h 28k R HE AROR A X T B
PRI, B PG A8 AS [ b a5 T 2 e R A B Y B R
AR 4 b 35 1 AS [T AS R] 5 i) B2 VG X3k K A
SrATHY HARA 3 E BN . KK B AR EE
g 4 k. 0.625, 0.612, 0.538.
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Tab. 4 Geographical detection results of seven main parameters of natural factors affecting atmospheric temperature in Southern,

Central and Northern area of Shaanxi province

S T B R L X ‘ 5K it X V B Ak 1 X ‘

q {8 p1EH q EHEF q 18 p1E q EHEF qfH p1EH q TEHEF
iERORtTY::S 0.010 1. 000 7 0.428 1. 000 1 0.177 0. 947 3
Hi 3218 0.128 1. 000 6 0. 387 1. 000 2 0.061 1. 000 5
Ak 0. 249 0. 999 2 0. 089 1. 000 4 0. 547 0. 000 1
H e % 0.176 0. 144 4 0. 000 1. 000 7 0. 159 1. 000 4
S35 R 0. 158 1. 000 5 0. 056 1. 000 5 0. 026 1. 000 6
R K 0. 629 0. 007 1 0. 023 1. 000 6 0. 000 1. 000 7
SRR 0. 235 1. 000 3 0. 355 1. 000 3 0. 432 0. 999 2
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Tab.5 Geographical detection results of six main parameters affecting atmospheric temperature by socioeconomic factors in

Southern, Central and Northern area of Shaanxi province

B T b X K X B b b IX.
S
q {8 p1E q EHEF q 18 p1E q EHHEF qfH p1EH q TEHEF

UNEE G 0.022 1. 000 5 0. 085 1. 000 5 0. 025 1. 000 6
GDP Y& 0.003 1. 000 6 0.149 1. 000 4 0.322 0. 627 2
Ik AR 0.033 1. 000 4 0. 046 1. 000 6 0.377 0. 999 1
AEXmEA  0.318 0. 003 2 0. 200 1. 000 2 0.224 1. 000 3
FALFEER 0.078 1. 000 3 0.189 1. 000 3 0.031 1. 000 5
ANY LSRR 0.653 0. 000 1 0.478 0. 988 1 0. 034 1. 000 4

(2) B R b DR SC rp i X, 52 e R A B 1 32
A PR 3 18 el T AR R At ok DX T AR A 2R
Bt DX, R0 R A B B T S PR R T Al R
GDP S b X AR = A 23, AP
M3 AT BRI 23 A WY R e B G 4 X e R
A A3 A1 i A S 2 3 PR 3 N84 40 bl T AR
BB ERML TR =AER, ¢ EH 208
0.692, 0.613 Fl10.517.

4 g

(BEVEE H P ¥ B, BedbAsfbi Kk, K
Wz, BeE i/, HPYAWR 5k 2.46 C |
2.37 ‘CHl 1.43 °C; 2000 4E J5 & H F 34 i B 4%
1990 AFRTASL W25, 60 AWM &l vp 79. 8201 H
ByAE 2000 4 G ¥ RPN IEI K. BREg . &b FIpk
A b X 1) 7 5 RK 461 349 L AR Y 2 B R RK 2R
R, EXAWERIEE/NRES, HEE 2
TR PR, 56 AR b XA OF X AR IR
JEEAFE T RIE R, =HF ¥ AR5 &
BRI A EM G, HAl=FW RIS
(RSFER

(2)) B V4 45 T ok 3 B I 2 0 A B Uk R AR
I VG AR 326 D bR I A DR ) R A,
Ho oG i X AR d A L, BRABIRZ, BRI IR

(3)TQ FBELFW . vk Mo X IR IR B 5555
Bedbik z, BEmASIRS/N; TD F8HCEAA X, 2
Pk E AR R 3, FEHH 44 4F 8] Pk 7Y 48 = M i B4
P85 43 S5 DR b B IXCASE A9 AN ) G AR [). 2000 4F S
B UG 45 e Ak BN 55 20 S R 5

(4) Mo FPEM R 0H - 52 B VG A8 R AT AR 4k
MEEHREEMH SR EE SR BIR.
L wm, MARE., AHMAEER, S EHER
B R
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