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Abstract

Based on the official report data of forest fires in Xinjiang from 2013 to 2021, this study analyzed
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the spatiotemporal distribution characteristics of forest fires in Xinjiang using correlation analysis,
regression analysis, and other methods, and explored the relationship between fire frequency and
climate factors. The results showed that the number of fires from March to August was relatively
high (accounting for 85.52% of the total), and the number of fires in April, March, and July ranked
among the top three of the year; The burnt area is relatively large from March to May (accounting
for 67.15% of the year) and from August to October (accounting for 29.96% of the year), with the
largest in April and the second largest in March. Spring and summer are the peak seasons for forest
fires, and since 2013, both the number of forest fires and the area burned have shown a downward
trend. The forest areas in northern Xinjiang are the main areas where forest fires occur. The fre-
quency of forest fires is mainly affected by the drought index (-1.8 < CIn < -0.6, mild to moderate
drought, with an overall decreasing trend in drought frequency and a significant mutation in 2017,
known as “dry-wet”) and the highest monthly temperature (r = 0.532, P < 0.05). Forest fires are
mainly caused by human factors, with agricultural fire being the main cause. The research results
can provide certain data support for the monitoring and early warning of forest fires in Xinjiang,
that is, when low precipitation and extreme high temperature (monthly maximum temperature =
40°C) overlap, it is necessary to strengthen the monitoring and control of fire sources in high-risk
areas.
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Figure 1. The scope of the Xinjiang forest research area and the distribution of meteorological stations
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Table 1. Meteorological station information

#1. SRMRER
i A 23 51013
5 B (KABA HE) 86.35 48.05
B4 (TACHENG) 83.00 46.73
HAi 72 38 /K (HOBOKSAR) 85.75 46.82
¥ (JINGHE) 82.82 44.57
77 (YINING) 81.33 43.95
154 K (WU LU MU QI) 87.62 4378
Hi 53 4 (DIWOPU) 87.47 4391
& 4 (BALGUNTAY) 86.33 42.67
A& 75 (BAYANBULAK) 84.15 43.03

HERHE o M X R T R A R4, BERMD> . A HE KA, PRI EE . FR
Framte A E ORI X 22— 45 2021 FEMREASZS WNPHIRE ) BoR: 2 2021 F, BNk
ML 901 JI AL, AR 5.4%; RWEGRREN 5.52%, RHRERESR 30,405 JJLT7K. Hl
R AR U T AR AR A KPP B, X2 PR, JLiEE T |E A L, B
PRI IG 2, HRFEONE—. B, BLRIL. BRI ERNL ORI, B mRmkn) 34, Hx
BRI R FRZE ARSI 1500~2800 m LAy, PLETHREMFEHFEES A Higx
AR RO 32 R A AT AR TR 2 B R AR il AR —— S BT 45 RORMR s I J5 78 25 W0 K 2 th Je 5t
T X FEEAM, DURAR . ZLWNSETT YR E .

BT AR ARG DL, BATK Ll Jik B e DR R AR bRt XA R Bt 78 X (LI 1), IR T2k
WEFEIX R 9 AR RIOLEE DR EHR AT 582504

2.2. BUESRIE AR

2.2.1. KREHE

(1) Bk

1K SatSee-Fire L2 F ‘K (http://satsee.radi.ac.cn:8080/index.html) ] Landsat-8 i »5 H a5 AT 72
R K R Bt , I B IR SR AR AR Y R 2 B A T 7 X VS K s e, R BR B AE BT
80 AR EE MK i, ST BIRRM O R -

(2) BITIREHHE

JE I R R A MO AT FR(2013~2018 4F) DL HT R 4E T R H IR XN SV BE T (2019~2021
SEYVRRAE IR 7 DI SRR K SRR, TR IX 9 AE LR K R R AR R K TR BRARSZ S TR
ORI GEKIREE KR ST EEIR (K 2).

Table 2. Forest fire basic statistics in Xinjiang from 2013 to 2021
% 2.2013~2021 FHBARRKREMG TR

i AR TR IKEL K B SR BRI A

() (A HD (A HD RIRIK N THk
2013 31 64.61 12.79 3.48 9.31
2014 28 118.08 90.71 34.97 55.74
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2015 19 143.69 117.28 117.28

2016 12 8.85 7.82 7.35 0.47
2017 58 32.82 30.14 28.95 1.19
2018 42 23.53 13.22 5.77 7.45
2019 23 13.86 11.49 11.49

2020 7 8.8 8.29 8.29

2021 1 0.28 0.28 0.28

2.2.2. SEHIE

GBI K A 3 AR E R (NOAA) R W B A 5545 B A O (NCED IR BE ) 4 Bk A,
vlh A R B (https://www.ncei.noaa.gov/data/global-summary-of-the-day/archive) , % B 5 ff F ¥ 58
2013~2021 SFEARMBF XN 9 DT EMM G 1 10IZ H RG0S, 28 RA s I 2 0 P
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AR AL A o X FARGEIN T, KRIICON AR, RH T (PRSI N AR, Tl
ARG RS BE TS, SRR E ERMRIITERIT =B Z R K R, Bt
FIWrEA 12 (8 AR SSIE IR 577 [ 14], FR AU S5 25 MR I6 TH SRR Gk (Y 2 35 MK F . e BT VAR B
TR =5 (1) FRE, 2013~2021 FERRF KGR H4E R TR MAENE: 2) FRIE,
LT B RN AN Z=T5 1 K RIS 242 K SR s 3) AR, 24P H kK
5 24 F R SR AR A

2.3.2. ZLEIASH

TEARS 3 M B b, Dy 7k — B i\ = R (R K 5 AR KR AR B2, #3647 22 e 4k el )5
ST. ZnRIAS N RIBTEA R E o — AR RN, Hih— AR 2N TEN AT E, &
S AN B 2 (R e B AR A M BUE A R A O R AR R AR EAT A A Gt M . TR
TEARBRE N, KIKUCNFR AR, SEFETFERSREK)Z R, 8RS R

2.3.3. SEAHL
FIH ArcGIS 22 il 35 58 A K K o 23 18] 7347 B
3. ERESH

HeF TR K R R T SR A AR AR IO R AR AT 2 IRE (L 2014.12 6, K T F M
BARFRE R I 3 U0, AFAERPC AR SR, SHEsi S BRI B T SR A%, &
28 e A8 B T R BdiE AR Ja 2R 7
3.1. FREEFHRM A REE S HFE

3.1.1. FFERIT
TR AR X AE 2013~2021 SRR R A KR 221 #2, F34) 24.56 EOLFE 2). FRAR K EREEEA B
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BRI 9 PN R K IEIAR Y 414.52 A b, 3 KA N 46.06 AWK 2), HEAAARE
B R R, B5KIGREBIEAFELE 2): g KR 2 LA, 3T 2015 £ KR
{E(143.69 A b)), B KIFRERRE, 7€ 2021 4F H AR /ME(0.28 2 bi).

B b X AR K IR AE B AEBR AR LR, KRBT LRI 73 3 N BE: 2013~2015 4F: Ko P
(78 i2, 326.38 Abi); 2016~2019 £E: kR K IA(135 82, 79.06 2AH); 2020~2021 £E: K RALKIAS L,
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Figure 2. The inter-annual variation of forest fires in Xinjiang from 2013 to 2021

[&] 2.2013~2021 fFIE)FBARA N REFRTLIFER

3.1.2. BERTH

2013~2021 4F, FRMIFICXERFK 316.46 =K, 6 Af£41.71 =X), 7~8 A 30 =%, E=
K2 5 44 36.04%. FEHAIR 6.53°C, 1 HIAR(-13.17°C), 7 H&=(22.60°C); 6~8 H ki
40°C, 7 HEnk 44C (WA 3).

BRI K K A PR B2 (LA 4). FEFEILRE KK 189 42, 43 b KK AEHT) 53.85%F
31.67%. 4 H NFEGST I, At 25.79%; 161.22 AW, Lt 38.89%); 3 H AIKEIEB9 &, HE 17.65%;
66.39 AL, 5L 16.02%); HARmAKHAS H 8 AF10 H: 11 A1 12 HKKiE&iET 0; 1 ARKKEK
Ao 7 AREEH: KK 33 EE(14.93%, EFHZ), (HiL KA 2.56 Ak,

Z b, BFZKGGRE KTAR 5 H e, H 2R ROR L H R 22.17%, (HRKERE KT AR
SO E 2 20 Z A,
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Figure 3. Climatic characteristics of the Xinjiang forest research area from 2013 to 2021 by
month
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Figure 4. The variation of the number of forest fires (a) and the area burned (b) in Xinjiang from 2013 to 2021
4.2013~2021 FFBHRM AR E BB ()T K EFR(b)ERIFR

3.2. FEHRMNRZE S HHE

A 2013~2021 FH RS HN KR ALEL, RlE 8 NKKMKES: FEH 1 CRRKER =0). FH 201
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Figure 5. Spatial distribution of forest fires in Xinjiang
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3.3. XESEEATSNREFRIXIEE

BT AT RO SRR, AU FORICTF IR . H i & B B E NS R T, TS
KRR FR . dKEREMHRWEYER, FFRm, £FRIK. REEFHROIBCORTEE
(21.28°C), {HHFFL KERLEER 5 FULE 6(b)), XA EER BOE SRR EAZ 30%, FIHEHE
TR, M2 NIEBCRFR KL 12 BKRRIH K, ZZRIR(-10.86°C) LA EH 1)
5 R 2 PR R KRS

KARHCEL 2013 4R 31 L3N FREA 2021 £ 1 42, 1H 2017 SE 51 4 58 L. /KR BRE
s, S ETHESLE 6(a)). 2013~2014. 2017 A 2020~2021 N K 7 4R 45 (K i /D),
2015~2016 & 2019 4= NBEKIER P (KR Z). SIRAKTER 2014 (-0.87°C)AT 2018 £E(—0.69°C) N
EAL, HRFAEETEELE 7). Z2HFRSCR “FEKS KR 2HARERFEKEZ N KR D) X —
e, Bl 2016 FFEKEZ, KR 12 2 FEKFAEEFF40(A0 2013 2014, 2017 42)38 i K R L%
H 2020 FFEAK D (FEKEEFA-28.11 ZXR)URA 7 ki, ] Rg S S IEE-F IR K (0.09°C) S 4%
B KA %
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Figure 6. Comparative analysis of key climatic factors and fire chronology (a) annual precipitation and annual fire frequency
(b) seasonal mean temperature and seasonal burnt
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Figure 7. The situation of precipitation and temperature deviation in each year from 2013
t0 2021
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3.4. KRR SSIEEFHIEXME

FERE L 3), HFKEHfmi: B 2021 240, HAREM 5 IEM(0.152~0.595), HATHIE
Pr B U 2013, 2014, 2016 BAK 2017 4F), b 2013 45— FH MR R(r=0.595, P < 0.01), F£HHIZE
Bk & 5 S BRF AR R A 2

HBEKG H KRR KA FE 0 2 IEA S 2013 4 r = 0.585, 2018 & r = 0.336), 1H 2017 4
[RIAH PRI T 0 (r < 0.001), 2021 FEELZE I T HUAX(r = —0.408); 1Y 2013 4E (P < 0.05), HAh4E
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WA, RFFIRZER K, BT KR 1 B o] B 55 83 52 FAb R R 4.
HfEia S B ACRBIR: FiE 40y 1) B 1EF 9(0.142~0.689) H. 2013+ 2015, 2016 £1 2019 E R E P <
0.05), 2018 FFEE(P<0.01), Hr 2021 4 A IR (r=0.186), W HESE K TAEMHERE7E A 5%,
HRE E(LE 4), A¥EKSAREE: r=0.636, P<0.01, L3RIEMX, BHMNKIRE, BK
BEREFDAEMAEALE. ARmEiRSHKIRIR: r=0532, P<0.05, 2HEEHL, R
T A AT BT RS A R 0k g RS . B4R K 5 H KRR © = 0219 HARIKEZKF, £

B A K 5 B LM F] BE LA R R (I N S 3h) i i
FREZEOLES), =B ZRAHMAEREEER . BT RS KR

FRES IR I BIMALE, B 7wt g KRS AT R

Table 3. The correlation coefficients of the three on an annual scale

3. FRETEF=ZENHEXRY

K B EEGUHR,

G 65 HBEK JEER =0 F KRR
H &K 1
2013 H iR 0.595™ 1
HRRIIR 0.585" 0.546" 1
HBEK 1
2014 JER-2=! 0.515" 1
F KRR 0.329 0.329 1
HBEK 1
2015 H iR 0.364 1
F KRR 0.085 0.524" 1
H &K 1
2016 H iR 0.485" 1
HRRIIR 0.174 0.522* 1
VRN 1
2017 JER-2=! 0.504" 1
H KRR <0.001 0.142 1
HBEK 1
2018 JER-2=! 0.369 1
F KRR 0.336 0.689" 1
HBEK 1
2019 H iR 0.303 1
HRRIIR 0.168 0.503" 1
HBEK 1
2020 H iR 0.152 1
KRR 0.250 0.365 1
HBEK 1
2021 H iR -0.030 1
H KRR —0.408 0.186 1

TE: TE 0.05 ZHICWE), MSRIMER . "/E 0.01 ZONWUR), MRVEEZ
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Table 4. The three-way correlation coefficient averaged over the years at the monthly scale

F4. ARETZFTHIN=FEXEY

A H kK A B YK RATIR
H¥8K 1
H i 0.636™ 1
H R RATIR 0.219 0.532* 1

e CTE 0.05 FACGUR), AHRMEERZE . TR 0.01 ZAICWR), HXERE.

Table 5. The three-correlation coefficient of the four seasons at the seasonal scale

F5. FRETHFEN=FHEXEH

E=at] Bl FEK Fl R =R RIIN
BN 1
HE ZE R iR -0.056 1
7= RIRAIR 0.197 0.141 1
ZEREK 1
HZ 2B e i -0.087 1
= RIRAIR 0.057 -0.209 1
BTN 1
€= Zh iR -0.057 1
ZE KRR 0.093 0.096 1
K 1
== ZE iR R 0.056 1
ZE KRR -0.174 -0.521 1

e CTE 0.05 FACGUR), AHRMEERZE . TR 0.01 ZAICWR), HXERE.

3.5. KRR ESEEFRZ TEYE

T e AR R AR AL e R B (W2 6): REETEEIM 0.007~0.462, FBHLAY (1) fi#
BERENTEANFEEMD ZE B3 HAp 2016 4£ R2E N 0.462, SURANPE KT DUERRE K G ATIK 46.2% K178 5+,
SRR R AR BE IR —4F; 10 2017 4F R2EN 0.007, HEAY JUF-ReG fRERE 11, R IWZAE KRR £
R H Al RN [ AR A B (AR . T S . 28T A RER R2EN 0.412, B
Kk b, SURRIBE K AT RS 41.2% 0 KRB 5, (HEAES ST BEERR.

FLUOR B R 8 BRI DR 1% K SR B RE MR SR o 2016 A B R E0CK 0.680, FRoR H
B KRR 1 BT, CRATKIE N 0.680 AL, FEMALSR: 2017 FEHIFEIERECHN 0.081, JLF L
PEORR, AR R BN AES) SRR AL KA. AFEIHRECH 0425, HMEGR, 7 A5 RIRM
HhH K.

a2 PAEEEM) T 1 2016 A1 2018 4FHT &3 (P =0.062, P=0.069), HALFE AT &
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Table 6. Multivariate regression model of climatic factors and fire frequency
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Figure 8. Classification of ignition sources of forest fires in Xinjiang from 2013 to 2021
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