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PER R FENATES, MERAT kK. SHRIET, AR5 2 2RkiE R R
KX W IF R (AN JIRER RO Sl A PR AR R AR BE ARl S 855 i BT 2k
Bebe, TR b, EBEE I IX TIRE KR RS R R AR SR 4 b TT & 5 AR H
(Friemeh) FEFFAERE 5 &M HARIER (FRAE) 51K MEF KA,

TS TR R KE BN L RIS BhAS MDA L T AR SRR S AR SR, Y
P TP BRI AT 5 (TRMM) TR ERAT ELT NSRS (VIIRS) PRt T
BOm S o He . H AR 55 G RTE B B S 57 (VIIRS VI, 375 m), &
MODIS 7 B W 375 R B 7= ok B B i, G /INRUASS AR e A7 A B 204, B
20124F VIIRS VI{GER A =h&Am Lok, ©) 2T kbefs SIS g8 M | Je/R
JEHHE M PEAL R DL R AR AP SR, AHELZ T, X VIIRS 5 MODIS i Bk 2k
BRI S S X N 1 A s e Z TR AMIFSR S A, MRk VIIRS M =[R2
TR0 (MODIS C6) Ff BAZ A A

AT R RE A W B RIS R R A 2R R SR 9 ) I SR s AR SR K A
BRFAE ARG (FIRMS) A AH) VIIRS VI IGER KA B Rz, ek 2 3 g it
S 8 AN 4 BR B i Rk ) (ASTER GDEM, 30 m) 5 4Bk 1 Hb 75 ol 25 /0™
(30 m, 2015), T GISMIEBR A LAEA G, WIE Gk, B 5+ s e f ot
ERMWEEER (Rse, Zht. gif. RE. B, BERVET ., DR S5IEE
TE) IR R AR A, T AR B IN CUBEERE , 4r E R IR I BR A A O
S A L

1 HF5E XA -5 Bt A

1.1 R XER

R B AR 4.54%10° km?, RS 5 EORBES & 42.72%H157.28%., TR
AR RZE . R gt . RE SR, SORBEREEEERVE . kP, JE
HTE . SR, FmR RS, 1 E (F D). hEg A E e, JEE oA R
WL Jok ) g ZE AR 2, mEE IR A B TIRAW . P FLETL . B/RIRIL . JRrE T S 2T
TAER, AR B B — 250 =AM s B CAnYRATREIR ) o 1 E ke i e ik
R, AETIRANA /NIOP R, 2 XA F AR g bty , Hiscis shid ik, KRR
SN, EEZZM, ReEHIYE 25, o, O%E 84.49% 1 AT Hik
200 m AR, & 61.93% 8 I BT AE 500 m LA L, Zfifa) 54.05% 1 1 BT-240 14K
TE500 m U L, HAWZR g 0 SO0 A T 200~500 m, ZE . JEATE . EIEJEVEIE
R VG- AE 300 m 2 T BT FLE (5 62% A 1o ZRg 0 8 [ 3% B e KA 34 7 720 LA
&, HobEss . gt R, JEEEE . DORVE W A E B IEAE 1000 I, RiigE . A
B ENEJEVE = E Y AEAE 10004 F o B R M SN, A 8 [ - ek
RIDIZRARIA R 3, TR A R DL b, Hod, ZRARTE R A B P 28 [ Y 41.64% 31 5
RPULIY) 86.10% A%, A TR (i Lo B SR PO 7.27% 3N 28 [F 19 50.72% A5 (£ 1),

P A E O O AS TN (http://worldpopulationreview.com/), 2018 4FEZ<Fg VA %)
H6.56x10° N, HAEERAHR8.59%, EHFH E AN B APE WX Z —, HEhorm T
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Fig. I Maps showing the topography, land cover types and population density of Southeast Asia
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Table 1 Topography, land cover types, and population density of the eight major Southeast Asia (SEA) countries

P [EESi] it it NG BE HE JEEE ERET Sk
Hk/m M 671.10  590.17  123.56 283.85 3959  330.68  346.08 281.18
WeRE/©) TR 78.75 89.15 7226 8627 8936  89.52 89.54 89.43

PIE 14.91 12.97 5.60 8.23 12.16 11.85 9.64 11.38
UNEE:: 7] f/IMA 0.18 0.06 0.38 0.03 5.89 0.23 0.85 0.01
(Nkm') e KA 31118 39864 61774 22384 55175 126446 22277 11275
e 30.88 7477 91.84  137.03 286.83 34627 138.1 93.23
A A<H 9.43 25.86 3342 5072 38.58 2222 13.68 7.27
HH% FERN 80.88 64.29 5593 41.64 4941 67.49 78.09 86.10
it 8.38 5.74 3.14 429 6.29 6.49 3.84 1.89
HEA 0.17 1.33 0 0 1.59 0.03 0 0
Bins i 0.17 0.64 4.17 0.62 0.49 0.89 1.85 1.84
KR 0.85 1.20 2.66 1.67 1.66 1.53 1.34 0.91

BRI KRG B R FAFPLRG (FIRMS) A A T Al WL/ G 4R 54 (VIIRS) VIig
BRACEIRAE BRI T 5 25 24 /N 48 /NIFFIT T KRB (GIE) SSRGSl
¥ fu % (Shapefile) . Google Earth (KML), WMS (Web Map Service) LA
g, AR ST FIRMS M3k (https:/firms.modaps.eosdis.nasa.gov/download/) 43-E % T %
TARME 11 [§2012—2017 4F VIIRS V1 & BR KR 40l 7 it o &1 15 K1) Shapefile £048
AL AN AR TR SR LR B . JOBER Rl (AR /BB 23RD) . KobEsEEE (R L R
07 S AL B A . VIIRS VIEUE 7 AR T8 B 5 U5 R 12 /8, 3G BR K <A
RF375 mx375 m Gt L.

2012—20174F VIIRS VIIGEERKEHRGETT R, AR R IS ER SR S e fo ks,
H 20124E 1 12.03 x 10°UGZ A K 2 20144510 16.52x 107K, FHF20154F (19.55%10°%%) ik
WEME, 2016 4FJ5 25 B W3 BR KR P22l /0 28 2017 4E 119 8.05x 10° YK, AHAS HABAR My JE/R
JETEAETR BR K A SR BN BT ArcGIS 23 [BI43 0T, A SC AT BR K447 5 [ 2 2 vt
NOPE R ERE . B BB RO RERER, it JEm T AT BRI
DA 7R A RS BRI M B2 [R] 43 A0 A 5 R AR 2R RO N A A e . F T Is R K
MG RAETRRSCE . R BCRUBEINE AR 8 [, iz ix = [ E - mfk /s, ik
AR SC AL IR B 8 [ IR B T e L A= 2 5 5 e
1.2.2 MR | 1 7 e 500 S N 1% i s

Sk B BRSSO R A 2 3R E T R B (ASTER GDEM) f48k (83°N~
83°S) 30 m A HERETF E AR AW, e 1ox1°0r . BRAA H BT AR NASA
X HURI T3 A Terra >RAE MY 150 1 5t ASTER AR HIME T %, Ok a5 5w HEk
i, DMEICFEARE GDEM X 4 IR i 5 IR R0, HaE B 20 m, PSRN
30 m, SR UTM/WGS 8445 . B AR WGP 30 : DEM At iFAh (QA) %X
o 2009 43 [E NASA 5 H A= 244 L6 k1 GDEM V1 (2011 4E5 8 8| v2), x5k ds
SECTEHBRY B | AT DUSGR MR e v S AR 2 T2 N . 3T GDEM 4K
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i, ASGEH ArcGIS 10.5 8P IRR R R 53 (E B

2015 4F - b B B, R TR T IR E B RBH LRSS T & — B K M ER RGP 58
FEREEH  (http://www.geodata.cn) , 43K K30 m, RH UTM/WGS 84 #&5%, il
Fe A Mg (TIF #850) . IR RARIEIE 23R 9K~ 2 (e, bk, w3
Mo Wb KR B OREKE . BRHLAE) RI25 KT 90502 (AR L REMAR . 4K
TSRS PYHb R SRR B AT A SRR 3 BN RO R - M AT
RUPR AL R SR . B AR A Bl ) R G E 6045 . Landsat 5/7/8., HhEE 412
AL OBIRTLAL . PREE TR AT SRTM HUE A 45 0 T 36630 B iiEAEAS X 4 Bk 4 4 7 5
BRI THE R RIE, — S IERNE B 70.2%, P B R RE FRE TR K.

20154 N VB EE B, R TR T 38 B NASA A S & 5 B 5 W 0 (Socioeconomic
Data and Applications Center) % i itk Fit4% N 14 (Gridded Population of the World,
GPW, http://sedac.ciesin.columbia.edu/data/collection/gpw-v4) . H 1995 4F % — fit & 7 L)
K, BHE HOE 2R E bR R P22 (5 B 2% U AR 255 UK (GPW V4) ., iz 8
AR F LT RO ) 23 [ RUBE 2010 4 N 5543 5538 A 235 SR FURH L 1 2R A 2 R A AU
W, FFHEHE T 2000—2020 4FREFE S AE N D STt s A g e =i (6 N D %e S
ANAEE), ZHAPEF A 300 (JRELZ) 1 km). ZEHREN 515 & HEkE
SR BN BRI, e 5 A5 235 3 1 H .

2 GRS

2.1 RELiE R AR EEhAS S

FIFH VIIRS VIEE A 3 (S B X R . R 55 Sk B 5 AN FE R A TR R
KORAERT RS TE A it (K12) . Z5REH, AR B EROR 22 7 W, 4 fa) i
£2iK21.26x10°K, HoRPTW A/ (1.30x10°%K) . A, a5 Dok i i Ik k iz H
mAESAE, PREERERAETEETREEN2H (2020%). 3H (40.50%) Fi14 1
(22.70%) ; T SRS IE R A E R L4 F 8 H (13.48%) . 9H (24.51%) 110 H
(22.93%),

AR 8 FEIE R AGE H Ay AT Mk 25 S B R, SZJERJE RS, R 26 IR BRI
T2 (CRAERIK36.41%) HBEKE, HR B (33.29%) . FE (41.66%) F4i
fal (51.27%) ¥IF3HikimARE, & ANEZER (4081%) T4HikEKE, 5
KA 3 G ER KGR H A 22540, SoRVEE (19.43%) FIEHERETE (31.24%) 4331+ 3 H
M4 ikt KA, ERERRVETE (27.63%) WIF9 H ki KA.

2.2 REL 2015 &FiF KA B 2D R4

S5 A BT RS BR JOBIR S AR, R HLS3<200 m A9SF 5. 200~500 m
M b . 500~1000 m AR S&2>1000 m 1)L/ it o 2015 4F 7R R 376 BR KR B 45 T34
TR (E3), AUEE 2SI . o, 53.84% 19 1% B K4 v 43 A 46 °F
B, JCLAESRBES g (FR2), W EE & V4 371 2 P - J 36 B Kk A R 43 ik
89.18% 55 88.85% , MG ER A MG T (45.14%) Flfbs (29.38%). 14k,
FHZE (91.99%) FIZEE (40.30%) 1EERA R LTI, thEg i i sk = ETEER K
KA MU RRAE B B i e s o ) R R 6 R K A Y S L i A R R el
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Fig. 2 Monthly differences in the number of active fire events in the eight major Southeast Asia (SEA) countries

FEC LAY, 4350 4% [ 3 IR KRB 1) 25%~30% 25 47 5 T A2 4 17 B & U 4 v TG L
(40.19%) FIFBE (29.33%). MHELZ T, HEg & B 506 BR O B 3 A8 AL RRAIE 22 55
PEBA S . b, g FER R 2 B G A B REAE A 7.13% . 16.71% 935 BR K B 4y
AT 0~25 mifERVE B N, ATHERT 5~25 m & AR TSR K E B R REATRERES ks Ak,
(100~125 m, 150~220 m). Z&[E (5~35 m. 120~190 m) FIIHFE (5~15 m, 70~110 m)
TG R BB IR 537 52 BH S A RO ARRAIE , R AE 2R 511358 15.28% . 26.97% . 34.19%.

FUH, 43 G 8 g BR K FEAS [ BE A A0 A R AE , U35 (<2°) . ZEdbdk
(2~5°) . Ry (5~15°) ., BEME (15~25°) . 2k (25~35°) FI@bEdE (35~55°) . M EHE
(>55°) 7%, %3 FWIZR Wi BRSO a3 2 i R St 30538 5 D R A, (L2 [0 01
FESREE N BARHL, KB5S A 35.51% 091 Bk K434 T4, HR 2 Rk
(26.61%) FFHL (19.25%), BB /NBLAITEER K AR 1E 200LL F RN, 7E20E DL 14y
AR o R e S ST R K M R O A AR A M, 35% LA 1 i iE BR K R AR TR
Yoo Ho, R, gt ZRE . MR DGR S IR FE AR . BEYE S
SRt MIENEE VU . ThoR P60 LA K UE i Hhpg 2 5 (4 DR 2 3 [ A TR R K B v A A
RN . SRtk 5 (R3),
2.3 ZREFE 2015 5 BR N B 1 30 78 4 R B FAE

ZREE T 8 [H 2015 AFE0G B K BB A TARAR . AR H, (S ELTET6% LA L (K4) . BAKIm
T, ARMRIEER K R A R RO ZE Y 52.00% B 1Y 74.27% A5 Hk, 8 [T IR K AE
TER MK, HERAY 13.18%5 22 [E 1) 42.68% A5, BFXF FRAMFIA HITHER &, #E—450
THHE G 2N R A8 T8 BR K
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Fig. 3 Elevational characteristics of active fire frequency in the eight major Southeast Asia (SEA) countries

AR 8 [ BR K 3l A T SRR AR, TR BRSO Hh 22 [ 1) 33.87% I BN 2
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Table 2 Topographical characteristics of active fire frequency in the eight major Southeast Asia (SEA) countries (%)

Wi KM e gify #E ) HUMZE AT BHUERPEE HRRPEIE
P h 53.84 1582 27.10 4030 3236 91.99 45.14 89.18 88.85
7 19.79 2933 2435 2776 2730 6.57 29.38 5.26 8.34
iRl 19.00  40.19  29.94  27.01 29.46 1.42 18.64 2.80 2.56
rolli/EE 737 0 1466 18.61 493 10.88 0.02 6.84 2.76 0.25
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Table 3 Distribution characteristics of active fire frequency on different slopes in the eight major Southeast

Asia (SEA) countries (%)
e KW &R gifa eS| R dOEZE JEEE E[1E Je eIl P SN2
I 19.25 434 8.34 12.45 10.78 15.60 6.73 30.31 21.67
R 26.61 1558  17.79 27.26 16.87 4235 16.77 29.29 29.84
R 35.51 39.70  39.40 35.01 35.41 39.72 42.02 31.77 37.28
787 12.33 2674 2171 17.09 23.43 2.05 22.35 6.05 8.87
2 4.92 11.19  10.04 6.75 10.61 0.26 9.26 1.80 1.88
Sk 1.35 2.44 2.70 1.43 2.86 0.02 2.85 0.73 0.44
T 0.03 0.02 0.02 0.01 0.04 0.00 0.02 0.05 0.02

A, Hoth 4 EARR G ERKCE A AR, A TGRS v T A A L (BB el 4K
PRI AE ), AR, SROMAZE . JEEEE . 4t S BRE AH N b7 FEERAE 10% LA L
2.4 R 2015 FFRKNEELXBER S

CEATR IR CRAE IR 2 REAE 45 TR BRI RE AN T o B EARAE T 5, ek
B EEF 3-5 A AR IRt IR k51 &, A IEER 2, E R
FBERE . DAENEE R PO A E o & B I BR KRR AR Th i A2 8-10 A, 255 it
B 5 B RRIE, RIS R A F SRS k. WZERDEES I, RAEWZ %
BIHEANEIN B, FEFFAEREIR G AR H 5k

SRS AR 5, BRI 2/3 BG BR KB R AR R SRR AR, HH 250 A 75 5~
25035 AL Fe R HIX. (200~1000 m), H G ATHEWT =28 i LW X TR KRS &, Sifaised
R RS b i . R . HUMZENG IR AR TP R AT 5P LT B 5~15 m i
SRy, S5 H M RAE, HEWTHIEER K B M REFFAERES 1R SIAE 70~110 m AR
T RATER K TR KRG R . giifa) . EREEEE 2/5 MR BR KR AR T 5050200 m UL A
e, ARk, BDER JIBEKFN G K5 DA by RS A SRR S | K R Z s R K . S
RBEHEFM S, HHMHE, G AR DOEFIRER KO £ 454 T b B iy
fiE, FEAEEE 5~100 m F-J5 P AT 50% 136 BR Kl RS AR AR BE o1k (o G 4 0 R L i)
13.18%) , TMRFIFEFIR . Feb & A BTG R TIBEKFPG 1S . B RE 2 74 I R0 54 75 I
SR BB, I 3/5 BTG IR KBRS B JIRE KRS RS, /D3R BRE BR K A FF A e
S, BLAh, FEFFAERER TIHE KRR be it A vT R UARARET A, =z H ARG
BRI, DL U 10 TR IR SR a4 15 BRARET K

HRE 5 E R R | IR TR BRI, 5 A i P AR B A R R —
o MERRES E AR BRI E NG R AR 4/5 DL O RTEER K, Taik AW
HLAREAY, (AZ5E FHEGERAS, B IR P & A 6 R A b T8k SR [
2.5 FET 2015 FFHR A AODHEIMHTEER

54 2015 N D EERPE, goit 8 N8 B R B 1 A /km? TS BR KR . Bk
M, A Fe I SR BR MU BN 101 %% B 388 2 S s e o ka5 (115), 1R BR KR T
N BE<50 N/ SRR, 0% sl A8 A DX () R R 25 S k. DAEREJe Pk 1,
N E<S0 N/’ P, 16 BR O e i 290 7x 10° UK 5 SR 28 R 4 ) 1) U8 o i 2
K, K1LS10°R DL by HyOh R . 2R MR MR PE, 6 BRI B s ik
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Fig. 4 Distribution characteristics of active fire frequency in different land cover types (Level-1) in the eight major
Southeast Asia (SEA) countries
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countries of Southeast Asia during the 2015 strong El Nino
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Abstract: The strong El Nino in 2015 caused droughts, little rainfall and intensified active fires
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in Southeast Asia (SEA). To our knowledge, the spatio-temporal characteristics, occurrence
types and intensity of active fires as well as their impacts on population and socio-economy
have not been fully analyzed. In this paper, we used the active fire data (point in Shapefile
format) derived from Visible Infrared Imaging Radiometer Suite (VIIRS) Version 1 (V1)
provided by the NASA's Fire Information for Resource Management System (FIRMS), the
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Digital
Elevation Model (GDEM, 30 m, V2), Global Land Cover products (30 m, 2015), and Gridded
Population of the World (GPW, 1 km, V4, 2015). On this basis, GIS- based monthly,
topographical, and land- cover category analyses of VIIRS active fires were comprehensively
applied to determine the major occurrence types of active fires at national scale, followed by
impact evaluation of active fires on national population density in the major counties of
Southeast Asia (excluding Brunei, East Timor, and Singapore). The results showed that: (1) The
active fire frequency in SEA reached 81.40 x 10° in 2015, with Mainland Southeast Asia
(MSEA) and Insular Southeast Asia (ISEA) accounting for 69.60% and 30.40%, respectively.
Active fires in MSEA and ISEA mainly occurred in the periods of February to April and August
to October, respectively. There were huge differences in the occurrence frequency and timing
of active fires. (2) The topographical features of active fires were quite different in MSEA.
Specifically, active fires in Myanmar and Vietnam were distributed at the elevations below 25
m, while those in Laos (85-105 m and 140-200 m), Thailand (5-15 m and 70-110 m) and
Cambodia (5-15 m and 70-110 m) showed consistently a bimodal pattern. The ISEA's active
fires were primarily distributed in the plains below 60 m. Additionally, over 35% of the
occurrence frequency of active fires was mainly observed in the slope range of 5-15. (3) The
frequency proportion of active fires in forests and farmland in SEA was estimated to be 76%.
Among them, the figures in forests increased from 52.00% in Cambodia to 74.27% in Laos,
while those in farmland increased from 13.18% in Laos to 42.68% in Thailand. (4) Combining
the comprehensive features of active fires in occurrence timing, elevation, slope and land cover
types, national occurrence types of active fires could be discriminated in two aspects, namely
upland swidden agriculture and open burning of crop residues in the plain area. (5) With the
increment of population density, the occurrence frequency of active fires first increased and
then decreased to a stable level in SEA, and active fires mostly concentrated in the sparsely
populated countryside and natural forests. Specifically, over 10% of the occurrence frequency
of active fires were located in the areas with the population density ranging from 72 to 91 p/
km® in Myanmar, Thailand, and Vietnam, while more than 30% of the active fire counts were
found in Malaysia, Laos, Cambodia, and Indonesia, where the population density was below 20
p/km’.
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