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Comparative analysis of burn index adaptability when evaluating grassland

fire severity

GONG Dapeng, LI Bingyi, LIU Xiaodong "
College of Forestry, Beijing Forestry University, Beijing 100083, China

Abstract: The burn index, based on remote sensing images, is widely used to study fire severity. The quantitative
evaluation of grassland fire severity by selecting a suitable burn index has great significance when studying vegetation
recovery and management. A burnt area of Hulunbuir pasture land was selected as the study area. Landsat8 OLI images were
used to develop a regression model of the Composite Burn Index ( CBI) using four different burn indices ( Normalized Burn
Ratio, NBR; NIR —SWIR - Temperature Versionl, NSTV1; differenced Normalized Burn Ratio, dNBR; and Relative
differenced Normalized Burn Ratio, RANBR)) , and the accuracy of the model was tested. The ability to detect fire severity at
different levels by the four different burn indices was compared. The results showed that ANBR (n=70, R*=0.856) had
the best fitting effect in the polynomial regression model; but there were some differences between the four burn indices
when identifying grassland fire intensity at different levels. The NSTV1 index performed best at moderate severity ( 1<CBI
< 2). For non—fire (CBI=0) , low severity (O<CBI < 1), and high severity (2<CBI < 3), the dNBR index performed
best with accuracies up to 80% , 62.5% , and 100% , respectively; A map of grassland fire severity, which was drawn using
the dNBR index, had the highest overall accuracy at up to 82.1%. The Kappa coefficient was also up to 0.76. In

conclusion, the dNBR index is the most suitable remote sensing index for analyzing and evaluating grassland fire severity.
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(Normalized Burn Ratio, NBR) 523 R BE R 5 —2K
I ( NIR-SWIR-Temperature Version 1, NSTV1)  2£431H
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49°25'

— AR FE R ( differenced Normalized Burn Ratio, dNBR) ; m 1) 4,'
HAH XF 22 70 110 — 1k #& B8 F ( Relative differenced 3 k3mast o CBIFER
Normalized Burn Ratio, RANBR ) , 4 F#k 548 % Tk E1 N E
LY ?ﬁ{% lj‘] E/‘]Z: Eﬁ&ﬂ‘% ﬁﬁﬂé , J[—Ll;%:'{ 1, Fig.1 Position of burned area
F1 BREEIEH
Table 1 Burn index
TEEA TR YL AFR A 275 3k
Index name English name Formula References
e 2% . . _ NIR-LSWIR
IH— ke % Normalized Burn Ratio( NBR) NBR = VIR (23]
N . PN NIR-SWIR-Temperature Version 1 NIR-LSWIR
ALVR AR PR R T — :lg =
S T AR R R A — 2 (NSTVI) NSTV1 NRLSWIR " [18]
P — % ((ﬁ(ia]l];efl;c)ed Normalized Burn Ratio dNBR=NBR.; j~NBR (107
A 2 3 I — Lk e Relative differenced Normalized Burn RANBR = NBR . ~NBR 5 [16]

Ratio( RANBR) /ABS(NBR 4 )

NIR ; #L£L41, Near Infrared ; LSWIR ; K JH #2141, Longer Short-wave Infrared ; T ; 52ii/10000 , Temperature/ 10000

2.2 ZERIRBETEEL(CBI)

CEOIREAR AL (CBL) R A THP A M R £l ik 2 R IR IR ¥ &IN5 PR AR P80l . AR as &
M X JF AR DT S RS RS ERAE X Key A1 Benson' " A A bR viE R AT 2L R (36 2) | FEAF IR A A
FIE B B 2 N EUCOR A A) MR FTA F 1 35 B) B FMIRIERFE A . 78— I 4 SR AR AT 2 T L A2
i, A U R 0—3 (0 AU KB 1 ARERIR I e ;2 AU ke 3 RRE B Jhe) ARG X4 2 1Y
FIMEINAZE & BRI AL CBI XM, AR A E A5 CBI S48, 1) 23 3 AN45GE, B 42 B2 JCBE (low
severity, 0<CBI<1) 77 k5 ( moderate severity, 1<CBI<2) FlIHE & Kk FE(high severity, 2<CBI<3)

A PRUESEBRIAS CBI A OLI 32 B 4 e/ IMETTE 23 A7 B AN R /IMA R — 25, B 30mx 30m AYHETE A 1
PEATIALL, T 2015 4F 5 A P A LSRRI T IX A 98 AME A CBI Kl K HLBERL > AP 4L, 70 4> CBI AR KH]
T AR AL, 4y 28 A CBI AL RUH TRFBESIE (3R 3) . ANIE] CBI B{E A 3 A, REAE il L A AL A4
VRS B2 3 UE 75 22
2.3 Wk

T SeH ] ENVI 5.2 2k 1) Spectral Indices F1 Band Math T ELXH 5 4b 35 B 524240 08 4 FhIRBed5 5k
(£ 1), FIEFIH ArcGIS 10.2 #f4 Spatial Analyst Tools H' [ Extract Value to Points .5 /45 55 s i PR
A CBI AL SR ARG B . 15 A SPSS 19.0 T E., # 57, CBI {H M4 Ba 38 BB 1Y [mF 5 7, 20 by
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FE % ( confusion matrix ) 38 F T8 MG AR 70 85 BORG EE PR, i i s B s R H S BOc i A B A 2R 5 00
SR G R RE 7 BN O3 AR LGB

K2 ZEEMEISH(CBI)EERNEMITENIRE

Table 2 Investigation items and evaluation criterion of Composite Burn Index ( CBI)

Vi KGRI FJG K be /™ B FE Grassland fire severity
Strata Burn attributes Hid Kk 0 Non-fire B4 0—1 Low i 1—2 Moderate i 2—3 High
A R8I S T R D T A FAE Ak SO AEHRLTE M HINRE 1009048 B RE 809 41 nT MRM) I AE
S Sy A JEk BRIk 50% 3 FE 100% i #&
i FAs ik 1000 % A s WRRABE  >80% % s
B AR % JoEAk 30 80 >95
TR/ % 100% 90 50 <20
) 7 AL ToAE Ak i i mm—J
YRR s R JoEfk AN A 4 AR
i LA/ % JoEAk 15 70 >90

AR ATIRYI R LR B A MR AR

#3 CBI#E=ZT
Table 3 Statistics for the CBI plots

CBT H{A R AR (A BIE) fe/ME R ¥iE bRz
Thresholds Number Minimum Maximum Mean Standard deviation
0 12,5 0 0 0 0
(0, 1] 18,8 0.05 1.00 0.55 0.342
(1, 2] 20,7 1.10 2.00 1.50 0.277
(2, 3] 20,8 2.01 3.00 2.53 0.307
3 RS

3.1 JRBEIE S CBI MRS T

HET Landsat8 SR EEBURABEHE %50 NBR \NSTV1 .ANBR 1 RANBR , 23 1] 5 BF P 25 S B CBI e 347
AT, 25 R A 2 FR

(1) A AT 25 SR R B B 25 G R HE 2 (CBY) 7=, NBR I NSTV 1 85034 2 90 B i Bt 44, 30
FFAHFK I ZR (B 2a,2b) ,HHZ ,ANBR F1 RANBR F5 50280 TH#a, #I M IEAH KL KR (E 2¢,2d) . SiEH
AR ST MU R8s R —80, R T K K ks g R 2B B L R R AR 25 5, W — 35 K%
AR AN 25 A7 B 1) AR 25 R GO R 22 57, RIVA 3 AT 0 170 R U0 /D - 4R b ™ o, U AR 28 R R i
IR B R, CBI At v ; [ B, e D ot S M) AR B DR A4 iR nl B 1 ol ik i S %A 2 ) NBR T NSTV 1
FEHL, RENETE — 2 FR I 1 S W 5 AN ) 258 [B) A7 B A7 AL B IR 2, A7 0 A B 25 A2 A 22, NBR R NSTV 1
FEEE B, CBI AR, PRIt , NBR A1 NSTV1 58445 CBI Z B R B R fAHE ., 1M ANBR F1 RANBR #5502
FETF KRG P S SR G AR B 25 0k e B, W3 B B i /D b A, KOBe il IR AR JEE K, CBI A
stk R, S IEAR G,

(2)4 FREEHEE S CBI 48 50400 & 45 R 1 4 ¢ R Bl K B)/MKIK S dNBR (R* =0.856) ,NSTV1 (R® =
0.762) ,NBR(R*=0.749) #l RANBR(R*=0.574) ., X tt,ANBR {H 1 CBI fH 2 8] A AE L PEIEA KK &R (n =70,
R*=0.856) F IS, AW ANBR [ {EL A0 128 HRUGT 122 1 DX Bk e 7 B BB 1) 2 ELAT AR O Pl e
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Fig.2 Correlation analysis plot of burn index values and CBI values in study area

(3)NBR I NSTV1 J&H T K5 — 5o B UG AR U S — R be s %5, T NBR 1 RANBR J& % T KR ALK
Je Wi EL IR BRI 22 0 R B 45 8, AR 2a,2b BT UG Y, B —BRBEFE B0 NBR 1 NSTV1 8L #—
3,5 CBI 2 BLGURSC, E0F Kobe ™ B B {5 B PR UG AR 22 1R /0 (AR =0.013) , 111 22 70 B be 45 % ANBR
F1 RANBR R IEAH I, 5 CBI 2 334 g A G, (R W9 2 % 1 O™ 3 B 45 B S ARG BE AH 22 1R K (AR =
0.282) ,dNBR L F RdNBR,
3.2 TSR e E E R R JObe P A A

HRIGA FEBEFE 20 CBI B CPE /Al S, 3545 NBR NSTV1.dNBR Al RANBR #5485 CBI 2 [a] ) [7]
W R

NBR=5.53 CBI*-98.82 CBI-29.25, R*=0.749 (1)
NSTV1=155.3 CBI*-2904 CBI-1062, R*=0.762 (2)
dNBR=-17.34 CBI*+169.00 CBI+29.97, R*=0.856 (3)
RANBR =-109.66 CBI’+592.77 CBI+313.91, R*=0.574 (4)

MR CBI OB ™ HL A BIMEL, 8 [ 05 R 5 0B 4 AR e s S0 70 R (3 4) , M ENVI 5.2 4%
14 Color Slices TE:, 735l 22 il H 3 T AR GE 8 K1 w5 JsUAOBE ™ BB 73 9 1 (181 3) , T IR S5 4 R Y 73
HriFar.
R4 BRI E A

Table 4 Thresholds of each burn index of fire severity

KBET T JE Fire severity NBR NSTV1 dNBR RANBR
Heid 2k 0 Non-fire >-29 >-1062 <30 <314
12 (0,1] Low (-123,-29] (-3811,-1062] [30,182) [314,797)
I (1,2] Moderate (-205,-123] (-6240,-3811] [182,299) [797,1061)
¥ (2,3] High <-205 <-6249 >299 >1061
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Fig.3 Map of fire severity based on different burn index

3.3 WAESRIEM
IR WA A M ) DL B R 25 )RR SRS B RS BE T Kappa RECE P FE AR,
F5 ETRIFHSOBETH

Table 5 Accuracy evaluation based on test plot

HRBERR AL ARid K/ % BRI KL/ % KB % HEKR % RIRIDINE S % Kappa 7 %X
Burn index Non—fire Low severity Moderate severity High severity Overall accuracy Kappa coefficient
NBR 80.0 50.0 85.7 87.5 75.0 0.665
NSTV1 60.0 37.5 100.0 87.5 71.4 0.618
dNBR 80.0 62.5 85.7 100.0 82.1 0.760
RANBR 60.0 37.5 57.1 75.0 57.1 0.422

RAAM K JRIE L R KB N AR B S A IR AR MRS SR P Y FORS B (User’s Accuracy)

(1) NF 5 ATLIE H, 3T ANBR 88500 KOs ™ 5B 3 0 RLEAKS i 55 55, iR 3] 82.1% , AN IV Y Kappa
FE 35 0.76,, 17 RANBR $850R M A 22 , SVAKE B0 57.1% , Kappa REUH 0.422, X —HKi R UELS R 5
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