CSCO3 R M HI

il Z I
@ ** !I.k I *E = ;E ' : $:'1;;Emm

JOURNAL OF FORESTRY ENGINEERING

RCCSECPE £ /M K HA T

#: T Gompi t B JHAERY IR Z2We TR K PRI R I R BRI -F-1T 52
RS, RN, SRATY, W
FIHASL:

IMESC, B Z R, gRA Yy, A BT Gompit M AR B 42 W MK T AR Y K SRSl D F-BiF 5 0], Mol T #2241z, 2019, 4(4): 135-
142.

TELR R View online: https:/doi.org/10.13360/j.issn.2096—1359.2019.04.020

FETT ARG HoA S EE

Articles you may be interested in

L2 BRAR K R NOFISO2BE R HAti
Estimation of NO and SO2 emission by forest fires in the Da Hinggan Mountains
Molk THE2A4R. 2015, 29(5): 134-138  https://doi.org/10.13360/j.issn.1000-8101.2015.05.033

HLT PR TR RSO B AP I T BRSSO S - B UE—— DL R S 35 5 bR DX g B
Retrieval and validation of forest leaf area index based on HJ satellite data: taking Jiagadaqi District as a case study

Mol TFESEH7. 2015, 29(4): 126130 https://doi.org/10.13360/.issn.1000-8101.2015.04.031
BT TR WA S AR K o3 AT S R TR A

Research on spatial distribution of forest fire based on satellite hotspots data and forecasting model

Molk TRE2A4R. 2017, 2(4): 128-133  hitps://doi.org/10.13360/].issn.2096—1359.2017.04.021
FEF RG2S P I AR A5 T

Prediction of forest fire danger rating based on meteorological and space—time factors

Mol TRE2E4R. 2018, 3(3): 102-110  https://doi.org/10.13360/j.issn.2096-1359.2018.03.017
J7 SCERMASBITE AR K A T A 10z

Research on generalized linear models applied to forest fire forecast

Mol TARE2E4R. 2017, 2(1): 135-142  https://doi.org/10.13360/j.is5n.2096-1359.2017.01.024


http://lkkf.njfu.edu.cn
http://lkkf.njfu.edu.cn/oa/darticle.aspx?type=view&id=201904020
http://lkkf.njfu.edu.cn/oa/darticle.aspx?type=view&id=201505033
http://lkkf.njfu.edu.cn/oa/darticle.aspx?type=view&id=201504031
http://lkkf.njfu.edu.cn/oa/darticle.aspx?type=view&id=201704021
http://lkkf.njfu.edu.cn/oa/darticle.aspx?type=view&id=201803017
http://lkkf.njfu.edu.cn/oa/darticle.aspx?type=view&id=201701024

ARk LA IR, 2019,4(4) :135-142
Journal of Forestry Engineering

£F Gompit [ /3 H3 )k 3 R U4 R N
A T 9K 5 B F B

EX YR KEF L A EE
(LRI I F AR B WA IR I 150040 ;2. 48 BRI AR F B #8JH 350002)

i E.AHRAT 2000—2016 SFAR K3, AR E W AR ADFHFHEEARKAMNEE, KA
Gompit B )2 #E A AR KK A4 £ T3R8 3 B F AT AT, SF 2 S RS R oK K A TR AR ) R AW, K
XGE R AR ZAFE R A (B RFHEK B FAHHASRE)NO T ARKEERKRA AN ZRE 4%,
KHAZIEHRK S EAETEIR ZHERR K NBEAHEHBEARERE, BALR LY Gompit = )24
A 8 TR 2 R BIF (K E TT%) , ROC A ih 45 R R AL 6 LA 45 (B RAE A 0.868) ; o Mk S AF K 69 46 I
B, TR AR ER T5.3% BB AHRZHERNME, KEEWBIE 17 FHORKBFRAEKRIHHK, RS EK
WIS AP HEKEA T RKER T EEFTEHR AHHF, EEATFRRHN 24.2%; Rt dHf A d
A R T AARAE X | R BA AL A 3K s ph K 69 TR AL A R

K K 2429 ; Gompit B )3 5 Ak K TR AL A IR 5 1) F

RESES.S762.2 THRFRETD . A X EHS:2096-1359(2019)04-0135-08

Study on prediction model and driving factors of forest fire in
Da Hinggan Mountains using Gompit regression method
SU Zhangwen', ZENG Aicong, CAI Qijun’, HU Haiqing'*

(1. College of Forestry, Northeast Foresty University, Harbin 150040, China;2. College of Forestry,
Fujian Agriculture and Foresty University, Fuzhou 350002, China)

Abstract; In this study, the Gompit regression method was applied to analyze the driving factors of forest fires in Da
Hinggan Mountains and establish the forest fire prediction model based on forest fire data from 2001 to 2016 and mete-
orological , topographic, vegetation, human activity factors that are associated with the occurrence of forest fires in the
region. The results of investigation showed that the meteorological factors ( daily cumulative precipitation and daily av-
erage relative humidity ) had the most powerful and important influence on forest fire occurrence. The daily cumulative
precipitation and daily average relative humidity were negatively related to the fire occurrence in Da Hinggan
Mountains. Multitude of forest fires occurred in the areas with slow slope and far away from residential regions, rail-
ways, roads and other human activities. The results of model fitting showed that the Gompit regression method had a
good prediction accuracy of 77% , and the area under the ROC curve (AUC) derived from the ROC test was 0.868,
indicating a high-level goodness of fit for the Gompit regression method. Same as the modeling result, the result of
validation test also indicated a high prediction accuracy (75.3%) and good applicability of the Gompit regression
method for fire prediction in Da Hinggan Mountains. In general, the geographical distribution of the fire risk level was
high in the South and East parts, low in the North and West parts of Da Hinggan Mountains from 2001 to 2016. The
high and medium fire risk level areas were mainly concentrated in the south and southeast of study region, accounting
for 24.2% of the entire Da Hinggan Mountains. At the same time, the result of model residual examination revealed
that multitude of underestimated areas existed in the southern and southeastern Da Hinggan Mountains, which
indicated a weak prediction ability of Gompit regression method employed in these areas.

Keywords: Da Hinggan Mountains; Gompit regression; the prediction model of forest fire; importance of driving factor
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Fig. 1 Fire point and vegetation type (a), infrastructure and meteorological stations (b) ,
elevation (c), slope (d) throughout the study area
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Table 1 Overview of the independent variables involved in model fitting
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Table 2 Variables selected for Gompit regression models

A5

BERARNEP i/ P o)

SCHL

1:1

1:2

1:3

1:4

FI 8k 1 BE B DRAIL
FA M A9 BE R DROAD
F 7 B S AYFE B DRESID
3 ELEV
% SLOPE
MW I FVC
N B POP
A¥1 GDP
H X DW
H 21tk DP
H 5 =i DMT

H -5 M%H2 ) DR

10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
8(<0.000 1/0.009 4)

10(<0.000 1/0.009 6)

10(<0.000 1/<0.000 1)
10(<0.000 1/0.018 5)

10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)

10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
8(<0.000 1/0.029 6)
10(<0.000 1/0.004 4)
10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)

10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
9(<0.000 1/0.015 8)

10( <0.000 1/<0.000 1)
10( <0.000 1/0.005 5)

10(<0.000 1/0.000 2)

10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
10( <0.000 1/<0.000 1)

10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
9(<0.000 1/0.045 9)
10( <0.000 1/<0.000 1)
8(<0.000 1/<0.000 1)
10) (<0.000 1/0.000 1)
10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
10(<0.000 1/<0.000 1)
10( <0.000 1/<0.000 1)

M4 FhBCH LR A R R a] LA 2
REAS Y FIT0U PR A 8 B LG A9 BT R AT RGO, Tl S
{EUBEZ 98/, ROC A6 56 25 SR W] A5 780 f) 40045
ROR(AUC) HEA—3(0.864~0.873) , Y B EArp
[FI) 5 TR RE 5 - 0 B HEA TR (R 3)

%3 Gompit EVIEEY 4 FhELHE L 51
W& S5 RB TR R
Table 3 Prediction accuracy of four proportions

by Gompit regression model
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Table 4 The result of modeling and independent

test samples by Gompit regression model
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Table 5 Parameter estimation of Gompit regression model

S it REC trfEiRzE K7 e
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Bk I 0.008 95  0.000 724 153.061 8 <0.000 1
BN e I B 0.0419  0.00215 381.0034 <0.000 1
B RS 0.0121  0.000 972 154.231 1  <0.000 1
e -0.1505  0.005 17 846.698 5 <0.000 1
FE B T 0.6213 0.1014  37.5079 <0.000 1
N 0.000 259 0.000 034 57.760 2  <0.000 1
GDP 0.001 13 0.000 075 229.526 9  <0.000 1
H ZitpEk -0.2844 0.0233 148.3870 <0.000 1
H 5 <R 0.0214  0.001 97 117.9389  <0.000 1
HFEAHAHEE  -0.029 0.001 12 665.449 0  <0.000 1
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Fig. 2 The relative importance of fire drivers based
on Gompit regression model
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Fig. 3  The probability of forest fire (a), fire danger class (b) and residuals (c¢) in the study area
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Table 6 Classification of fire risk rank

MK e A AR KBS WA/km? EARE %
0.007 ~0.17 IR X 63 218.6 75.7
0.18 ~ 0.50 R X 16 618.9 19.9
0.51~0.641 4 K IX 3 591.0 4.3

5 % i

R I Gompit [F] AR TR X R %22 I8 Ml [X AR
K IR T 1 6 RFATIR BT AL
SR AR I A BEAR AT 5 K220 L XAk
KR AR ERR A, O HL IO B8 00 B0 , TE MR RE R
DAL 3 X AR R AR E BB R TR

BET AR Z 80, X RS2 YR KR A= 3K 5
T m 17 o Fr, 53R R, LR KR RN
2000—2016 45K 2% 42 04 b IX bR K A Az 5% 1) Fe K
Horpr, 1R BRI H -7 A X I8 B Y i S A
B o SREXIAR K ) R R A AR AR T N
TG B 2 T 17 AR X bR K AR 5 i A2
JEIEARSEH R, B fE R A ny R B8k
FUREES” BN BB N B F e AN
GDP” X R KA R B 1 8 2 50, B H AR X
TR, X AT REE T 4Rk i XN 3G G
B N H I SMNIRERTEL, I 20 & A 81

BT U ABE B AT 380 F AR K A A AR SRR K IR S
PRI B7R , RO W ZRFR | B BT 70l X AL T v
B R g KRG DX AR ) R FE MM RS | FA I AR
Jay A IR EF AR JR) =, e Ah B TS ik
Af A EED 52 B 25 4 ASBRoll Jey K AR T AR
A A A b DX TN BE ) 2%, 3 S X [ R
Mk A X Rl A R A X s g g v, R IX
B3 X R KR 302, 5 ISR AR A BROE H 2
TR A T e K R R ML IX A R ok TR A 2K [
K DRI AT Bl T 24 AR AR A BN 51 R AT AR
BETAE, 0 T8 A BRI 3y M B, B
BRI RS IR IR K X B R BUARAR X

6 W i
SR I AR B S,

IR E L) Logistic 1B IHAERIN 3 | 38 A0 45 bl
HLERAR M FEHN AL Logistic [A] A4 A2 A HfF 58
TERTADT I RO Al B9 KB it a], 45 1 k0, 5
HI BB AS SR AR L, 4580 ) F5000 8 ) AN AH Y
DL 03 REARIE 26 622 6 1l DX 1) A ok 2R 47 T
5%, ARG B, 3R I S 2B R AR K22 U4 b
DX A g i A P SR TR Xt T 3R 3h P
B BT 4 SR A0 T 22 5 B SR AR B il sk
KRB (1980—2005 4F) BYTE AL T RBIARHH R
XM R IR K TR R AR5 45
2 DR KO B (2000—2016 4F) |, 45 R E RS
HRYFESIEHRT AREZR, &G Fh 2 7]
e LAF LA R 1) 3G E AN R, B 5 208 A
TR SR Z 1A 22 55 2) BF9E DX B0 4 ok A
Fg e AN B shdfE, fF—2Bmasedn]
DIERE S B 7 B AN TR B I, B TR] — st [) i
BB BRI A TSRS 3BT

AR ZH R PFZIAR K A B2 A 50
WARBEZAR T2 AR 45 R AR ) R
SRR B BRI BE S N3 GDP” X ARk
REMER B EHEWZ W, R4 RS Chang
0 Wu PRI —3, SR, B K I R
JE B 1 b KRR k& A ABE R A 7R, Penman
AN R BT B R X MR K R A 22 TR A R K
i35 1, DX P R R A R AT R v I e, O HLAT
B %) e PR T 5 8 5 TR TTT A 300 5 b DX 1 AT A )
ISR 22, TC TP W% S Pk 3 1) AT B P IR
2. et R (NOBEMAY) GDP) i %
PERRBEAR IR TR FR S A R & AR
AU R S5 MOk & A 2 3 IE A OG, Prestemon
LI F AR A N2 3% R K ik i IX 25 5 S8k
NRI K, Aldersley 2120 B fF 58 45 S % W] GDP
XIS DX 38 Y )3 TR S AR OG | 3X S AR SR 445
RBEA AN, TERILZWS X, FRAMA ™ 16 S 7 Hb
X2 i A FE B A, 7] RE 20 Ik K &k A A
L REMREREKPHNOEE S KK ELE R
AL X AT 45 R —3K,

AW SRR HIE R 30 | 2% R o K%
G b X A 22 AR L e bR, o A B R, HiAth
[ BB M 1 T 2500 3 5 e b e A2 i )
FERAS AL, 0 T Bl A b 3 v R (R E T EAR,
AHHFFE T H S5 AR MK Y 52 e 2 HL
BPEARLEL R SR S5 AR Y O R ) 2 A G E ]
b IX B[] — 45 B B MK 5 R oK e X A R
G AR AR K R AR BB N Y WiAEA



142 Mol T A iR

B4k

RS Al sk 28728 B A D DR A T 5 TR AH G
R R I R X JEE K, A ] R 5 K Rl R
Yrag i SF AR  ARMER R B N A T i, X s
SRR Z , —E T LR T AR E AR,
TERA T it 2t — 2 oA Rinfige e

S 2 3K ( References )

[ 1] MCKENZIE D, SHANKAR U, KEANE R E, et al. Smoke conse-
quences of new wildfire regimes driven by climate change [ J].
Earth’s Future, 2014, 2(2) ; 35-59. DOI;10.1002/2013¢f000180.

[2]GUOFT, INNESJ L, WANG G Y, et al. Historic distribution
and driving factors of human-caused fires in the Chinese boreal
forest between 1972 and 2005 [ J ]. Journal of Plant Ecology,
2015, 8(5): 480-490. DOI:10.1093/jpe/rtu041.

[ 3] GUO F T, SELVALAKSHMI S, LIN F F, et al. Geospatial infor-
mation on geographical and human factors improved anthropogenic
fire occurrence modeling in the Chinese boreal forest [ J].
Canadian Journal of Forest Research, 2016, 46(4) . 582-594.
DOI:10.1139/¢jfr—2015-0373.

[4]GUOFT, WANG GY, SUZW, et al. What drives forest fire in
Fujian, China? Evidence from logistic regression and Random
Forests [ J ]. International Journal of Wildland Fire, 2016, 25
(5):505. DOI.10.1071/wf15121.

[5]GUOFT,SUZW, WANG G Y, et al. Understanding fire driv-
ers and relative impacts in different Chinese forest ecosystems|[ J ].
Science of the Total Environment, 2017, 605/606. 411 -425.
DOI:10.1016/]j.scitotenv.2017.06.219.

[ 6] A, WL MR LM R K BUEALBTSE[ D], BUM . Wi

TLAMR S, 2014,

SHI J J. Study on occurring space and forecasting model of forest

fires in Zhejiang province[ D ]. Hangzhou: Zhejiang A&F Univer-

sity, 2014.

OLIVEIRA S, OEHLER F, SAN-MIGUEL-AYANZ J, et al.

Modeling spatial patterns of fire occurrence in Mediterranean Eu-

—
~
[

rope using Multiple Regression and Random Forest[ J]. Forest E-
cology and Management, 2012, 275. 117-129. DOI.10.1016/].
foreco.2012.03.003.
[ 8 ] PRADHAN B, DINI HAIRI BIN SULIMAN M, ARSHAD BIN
AWANG M. Forest fire susceptibility and risk mapping using re-
mote sensing and geographical information systems ( GIS) [J].
Disaster Prevention and Management: an International Journal,
2007, 16(3) : 344-352. DOI;10.1108/09653560710758297.
VILAR L, WOOLFORD D G, MARTELL D L, et al. A model
for predicting human-caused wildfire occurrence in the region of
Madrid, Spain[ J]. International Journal of Wildland Fire, 2010,
19(3) : 325. DOI.10.1071/wf09030.
[10] GURIS S, CAGLAYAN E, UN T. Estimating of probability of

home-ownership in rural and urban areas: Logit, probit and

—
=}
[

Gompit model[ J]. European Journal of Social Sciences, 2011,21
(3):405-411.

[11] MINAB M, OIA M, ASL M G. Analysis of the effect of corporate
governance on the financial health of companies Using Logit,
Probit and Gompit models[ C]//The 12th Iranian National Con-
ference on Accounting, Iran, 2014.

[12] JUSTICE C O, GIGLIO L, KORONTZI S, et al. The MODIS fire
products[ J]. Remote Sensing of Environment, 2002, 83(1/2) .
244-262. DOI:10.1016/50034-4257(02)00076-7.

[13] CHANG Y, ZHU Z L, BU R C, et al. Predicting fire occurrence
patterns with logistic regression in Heilongjiang Province, China
[J]. Landscape Ecology, 2013, 28(10) : 1989-2004. DOI; 10.

1007/510980-013-9935-4.

[ 14] S . MRACER SEHM]. J050 . R EMO A, 2005.
HU H Q. Forest fire ecology and management [ M ]. Beijing:
China Forestry Publishing House, 2005.

[15] CHANDLER C, CHENEY P, TRABAUD L, et al. Fire in forest-
ry. Volume I. Forest fire behavior and effects [ M ]. Florida:
Krieger Publishing Company, 1991.

[16] GUTMAN G, IGNATOV A. The derivation of the green vegetation
fraction from NOAA/AVHRR data for use in numerical weather
prediction models[ J |. International Journal of Remote Sensing,
1998, 19(8): 1533-1543. DOI.10.1080/014311698215333.

[17] STURTEVANT B R, CLELAND D T. Human and biophysical
factors influencing modern fire disturbance in northern Wisconsin
[J]. International Journal of Wildland Fire, 2007, 16(4) ; 398.
DOI;10.1071/wf06023.

[18] SUZ W, HU H Q, WANG G Y, et al. Using GIS and Random
Forests to identify fire drivers in a forest city, Yichun, China[ J].
Geomatics, Natural Hazards and Risk, 2018, 9 (1) 1207 -
1229. DOI:10.1080/19475705.2018.1505667.

[19] XBBER, Z=0RBk, S PRE, 4. ZLF230 Logistic HMRIBTTA K

KABSAFE I 5 AR X R[], Rk T A2 4, 2012, 28(8) .
200-205. DOI;10.3969/].issn.1002-6819.2012.08.031.

DENG O, LI'Y Q, FENG Z K, et al. Model and zoning of forest
fire risk in Heilongjiang province based on spatial Logistic [ J].
Transactions of the Chinese Society of Agricultural Engineering,
2012, 28(8): 200-205.

[20] LITTELL J S, MCKENZIE D, PETERSON D L, et al. Climate
and wildfire area burned in western USecoprovinces, 1916-2003
[J]. Ecological Applications, 2009, 19(4) ; 1003-1021. DOI;
10.1890/07-1183.1.

[21] i, IR, Ea X, % Logistic [MIIFAE R f |5 25 R AR XT

BRI [)]. WL BBy, 2012, 24(8): 13-
15,29. DOI;10.3969/].issn.1007-0931.2012.08.005.
ZHANG B, DAI L Y, HUANG Q F, et al. Dominance analysis
for the relative importance of independent variable in logistic re-
gression model [ J]. Zhejiang Journal of Preventive Medicine,
2012, 24(8): 13-15,29.

[22] MENARD S. Six approaches to calculating standardized logistic
regression coefficients[ J ]. The American Statistician, 2004, 58
(3): 218-223. DOI.10.1198/000313004x946.

[23] WU ZW, HE HS, YANG J, et al. Relative effects of climatic
and local factors on fire occurrence in boreal forest landscapes of
northeastern China[ J]. Science of the Total Environment, 2014,
493, 472-480. DOI.10.1016/].scitotenv.2014.06.011.

[24] PENMAN T D, BRADSTOCK R A, PRICE O. Modelling the de-
terminants of ignition in the Sydney Basin, Australia;
Implications for future management [J]. International Journal of
Wildland Fire, 2013, 22(4) . 469-478.

[25] PRESTEMON J P, BUTRY D T. Time to burn: modeling

wildland arson as an autoregressive crime function[ J]. American

Journal of Agricultural Economics, 2005, 87 (3). 756 —770.

DOI:10.1111/j.1467-8276.2005.00760.x.

ALDERSLEY A, MURRAY S J, CORNELL S E. Global and re-

gional analysis of climate and human drivers of wildfire[ J]. Sci-

ence of the Total Environment, 2011, 409 ( 18) . 3472-3481.

DOI;10.1016/]j.scitotenv.2011.05.032.

[27] POURGHASEMI H R. GIS-based forest fire susceptibility

mapping in Iran: a comparison between evidential belief function

[26

—

and binary logistic regression models[ J]. Scandinavian Journal of
Forest Research, 2016, 31 (1):. 80 - 98. DOI. 10. 1080/
02827581.2015.1052750.

(wiE%h% |k



