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Prediction of litter moisture content in Tahe Forestry Bureau of Northeast China based on
FWI moisture codes. ZHANG Heng, JIN Sen, DI Xue-ying ( College of Forestry, Northeast For-
estry University, Harbin 150040, China). -Chin. J. Appl. Ecol. , 2014, 25(7) . 2049-2055.

Abstract; Canadian fire weather index system ( FWI) is the most widely used fire weather index
system in the world. Its fuel moisture prediction is also a very important research method. In this
paper, litter moisture contents of typical forest types in Tahe Forestry Bureau of Northeast China
were successively observed and the relationships between FWI codes ( fine fuel moisture code
FFMC, duff moisture code DMC and drought code DC) and fuel moisture were analyzed. Results
showed that the mean absolute error and the mean relative error of models established using FWI
moisture code FFMC was 14.9% and 70.7% , respectively, being lower than those of meteorologi-
cal elements regression model, which indicated that FWI codes had some advantage in predicting
litter moisture contents and could be used to predict fuel moisture contents. But the advantage was
limited , and further calibration was still needed, especially in modification of FWI codes after rain-

fall.

Key words: fuel moisture; Canadian fire weather index system (FWI) ; Tahe; litter.
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1.1 AR

5T b DX AN T PR IR VT AR RS20 Hh X IE T ARl
JR# T K3 (50°10'—53°33" N, 121°12'—127°00’
E). JBFEIRH BRI AF R -2 ~4 C, R
IR-52.3 C, H&E <R 39. 0 C. 4F K 350 ~ 500
mm, [EKEF T 7—8 H. BIEYILS MH , MANSE
TRATIA 30 ~ 50 em. 38 DUASE 60 BT h bk R 5 £ 458
h . AR IR AE 300 ~ 1400 m, 15° AN
MR 5 80% LA L. % X AF 4% J F FE71 & ih AR IX £

PRI | ARSI G TE MRS ( Larin gmelinii) Bk fEF
¥A( Pinus sylvestris var. mongolica ) #k | 1 ¥E ( Betula
platyphylla) KF1 42 ( Picea koraiensis ) K. % 1X 3K
] AR AR A R ™ H DX
L2 W55k
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Table 1 Characteristics of sample plots

%' AR YRR Rt PR AREIE 1) WepE W Aix 22

No. Forest type Species Average Average Canopy Exposure Slope Location Altitude

composition DBH (cm)  tree height density (°) (m)
(m)

1 A gV bk 12.3 10.1 0.8 P 0 Wr 429
Larch Pure forest Sunny slope Lower slope

2 HHfE e s L L 16.4 20.2 0.3 PR3 30 By 388
Birch Birch 9 : Larch 1 Shady slope Middle slope

3 VE ML bk 15.8 20.1 0.2 B3 10 e 385
Larch Pure forest Shady slope Lower slope

4 VE ML LI 8.1 7.0 0.2 - Bk 0 -4 326
Larch Pure forest Semi sunny slope Flat
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2.2 AlIRY K SR AR A
2.2.1 REHIRREE SR B s e A
1 0 AT IR 5 7K SRR B A A 58 SRR A 1R 25
B L SR FWI IR A5 G 8 A3 /K R R 5
- 24 26 X 12 25 (MAE) A 14. 9% , “F- 41 FH X i 22
(MRE) 4 70.7% , 1 HLH# G LR E A AH A5
RIfRF-1) MAE FI MRE 43 %1k 18. 9% F1 108. 2%
(%£3).8 MRINFPHA DRI FWI R MAE
PO ARG 2R A R VA W DA X TR A A8 1) 7 a2
FZEHY ¢ KA SE SRR I FWI LA ) MAE 418 & L
SEEZEHEN BHEERALE (n=8, 1=
-1.46, P<0.178) , iR MRE W 58T /54
(n=8,t=-3.18, P<0.0003). 8 & /KHK R (K4
ORI T A S T R R % T A R A B (K 4
% 5) 538 CRHIE P AR YA RL, X FW 3 A A
AL T d5c 22 0 1000 A R A0 /N ] R 0 R A
(FFMC) ,/DEAERIMA T 5465 (DC) ; X FR4
B A AR Y | Y IR T £ 2 5 T o] R 1 UK R
F14) F B DR, 2 SR I — SRR A K 1) B A ke

Table 2 Fuel moisture content and statistical characteristics of meteorological elements and FWI moisture code

geitht Tk R fingia Ak TR S VAN B/ R 127 T514
Statistic Fuel moisture Temperature Humidity Wind speed  Precipitation TR TIRREN DC
(%) (C) (%) (m-s") (mm) FFMC DMC
I{H Mean 33.4 23 32 5.1 0.8 87.2 50. 1 279.3
P % Median 18.7 25 29 4.7 0 90.3 45.4 280. 1
FRUEZE Standard deviation 37.7 9 14 1.8 2.0 9.1 20.4 40.3
AR Sample number 396 396 396 396 396 396 396 396
Hz/IME Minimum 2.1 2 13 2.5 0 28.0 6.5 183.5
KA Maximum 228.0 38 91 11.0 12.3 96.8 91.7 353.7
25% T 433 25th percentile 10.4 13 23 3.8 0 83.2 35.0 258.2
75% T 3 75th percentile 42.8 30 35 6.2 0.7 92.9 67.8 304.7
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Table 3 Errors of two types of models established by data
of sampling baskets using a cross validation method ( % )

=310 FWI [a] ) 7 REER MR
Sample plot FWI regression Meteorological elements
model regression model

XLyt IR
PR MAE 152 MRE

Ex AR
iR MAE %2 MRE

bhehas o RE A 1 12.6 74.6 12.5 73.4
Plot 1 in open forest
e s R i 2 17.6 74.7 24.1 135.7
Plot 2 in open forest
Mz Ho ke 3 16.7 73.1 21.9 127.7
Plot 3 in open forest
Hhrhzs HoREHD 4 18.3 72.4 25.2 134.7
Plot 4 in open forest
e R 1 7.3 50.8 7.7 50.5
Plot 1 under canopy
BEE T R 2 17.4 74.3 22.9 131.9
Plot 2 under canopy
RS TR 3 17.6 74.7 24.1 135.7
Plot 3 under canopy
RS TR 4 11.8 70.9 13.1 75.8
Plot 4 under canopy
S Mean 14.9 70.7 18.9 108.2

*4 FBHELSIEE FWIIEESDERZESH

2.2.2 HWEEEL 8 AMFRE TR & ACR I 4
TR B 28 SIS UF IR 225 (3R 6) LA PR
(7S S AR I O (3R 7) 7T L, 2 AR EUHR IR & e
FEBEA VAR TR RS B | LG B AR G S 28 1R 22 A
AP, X FWI [REARL IR -G 3% MAE Al
MRE ¥ KF Fr A Sl g 7 A A .

AL 1 AT L Y PRI 7R 1 2 3 34 Tl
Pt DX, A 300 15 7K RSB > 100% 1) 2 T 0 i A1
DX 35, LR A3 R 22 Y B P 1 DX, ek B,
TR 76 X 3 5 7K R 1 00 s A1, T A0 75 7K R 78
i , %t T 25% ~ 50% (1) 7K 2 F0I0kG B2 B ar.
SRR AR (1] 2) B, 3 b AR e B R 1Y
T o 7KOR B TN A5 3 I 2 A BRI S KR B
UEL TR (ER Ve R TE N )
2.3 HMESHE

P AR W R B /K A ST 1 P B AR Y
AMEEIR 2245 BRI UL (2 8) , FWI (1] T 4% 1 Ah 4k 1Y
MAE F1 MRE 43 %] J& 21. 8% #1 102. 7% , . 3% K T
H A SR 32 IR 22 (MAE :n=8,1=4. 22,

Table 4 Parameters of models of sampling baskets established by FWI codes based on all data pooled

Bt WA H/NTTIRY) HEEMITE TR P S R? F B
Sample plot Constant 1 A 1 A DC Adjusted Significance
FFMC DMC R?
HRHZS HAEHE 1 Plot 1 in open forest 256. 44 -2.48 0.15 0.614 47.64 0.000
Wb Zs #iAEHb 2 Plot 2 in open forest 329.26 -3.48 0.547 62.47 0. 000
HZS HiREHE 3 Plot 3 in open forest 241.88 -2.89 0.16 0.780 98.72 0. 000
M Zs #ifE b 4 Plot 4 in open forest 249.54 -2.55 0.417 35.28 0. 000
B F AR 1 Plot 1 under canopy 367.97 -3.82 0.679 111.14 0.000
5L FHEH 2 Plot 2 under canopy 274.04 -2.79 0.308 23.72 0. 000
W FAEHD 3 Plot 3 under canopy 182.58 -1.70 0.120 7.13 0.011
W7 N EEH 4 Plot 4 under canopy 90. 11 -0.75 -0. 188 0.06 0. 100 2.49 0.046
x5 ESHELPHESKEZRARESH
Table 5 Parameters of models of sampling baskets established by meteorological elements based on all data pooled
Bt A HHME AT—KRE AKX AR PGS R F B3
Sample plot Constant Current Humidity 1 ¥ TR 2 [ TR Adjusted Significance
humidity day before Precipitation Precipitation R?
(%) (%) 1 day 2 days

before before

(mm) (mm)
AR Es HuAEH 1 Plot 1 in open forest 13.34 0.733 6.082 0.181 6.10 0.005
M Zs i 2 Plot 2 in open forest 25.51 1.433 5.958 0.324 13.22 0. 000
A ZS HREHE 3 Plot 3 in open forest 27.65 0. 690 0.853 6.975 0.687 41.23 0. 000
Mras i 4 Plot 4 in open forest 4.74 0.847 3.425 0.262 9.51 0.000
B FAEHD 1 Plot 1 under canopy —34.40 1.173 0.706 8.359 3.975 0.580 18.94 0. 000
B 5 S AEHL 2 Plot 2 under canopy 4.34 0.813 0.061 4.31 0.043
W TR 3 Plot 3 under canopy 5.92 0.862 0.147 8.75 0.005
FE TR 4 Plot 4 under canopy 2.99 0.930 0.368 24.27 0.000
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Table 6 Errors of two types of models established on all
data pooled ( % )

FWI [ 7 G R B
FWI regression Meteorological element
model regression model
FEYERTIRIEE CPIMRTERE CFIERTRE PR RE
MAE MRE MAE MRE
19.9 129.2 21.5 122.9

P<0.0008;MRE; n=8,t=-5.24,P<0.0005) ; <%

R7T SWMBEAEREEENSHENRITEE

PR PIA R BLRAME R MAE 1 MRE 43 1) &
24.7% M 132.6% ,MAE .3 KT H [ SR 152
MR (n=8, t=2.36,P<0.033), i MRE N
EZRARBE(n=8,1=1.58,P<0.137). FWI [A] 74
RUAMER 22 0 0T RREE& A3 1Y A4 1R 22
(MAE:n=8, t=-3.395,P<0.004;MRE: n=8,¢=
-3.23,P<0.006) . XFH, fE R EY LA FWI [HE
B AN A R 2EIG i (3 5 Ay 5t
TR R R R B AR H , MR 22 550N

Table 7 Parameters and statistical test of two types of models established on all data pooled

Jiik W FFMC — HHME §—KE ik HIPIR %G R? F B
Method Constant Current Humidity 1 ¥ TR [ TR 2t Adjusted Significance
humidity ~ day before Precipitation 1 Precipitation 2 R?
(%) (%) day before  days before
(mm) (mm)
FWI A% 279.39 2.818 0.462 340. 46 0.000
FWI regression model
AEERPAE -17.85 0.882 0.548 5.58 2.044 0.390 61.44 0.000
Meteorological element
regression method
0 ra 300 ra
°
250 °
200
°
150
< : <100
§ L) . §
@ g ¢ = E 50
o 2o
%8 %g3% b
g 2 250
12} 3
3 3
E p‘: 200
. 150 | o
°
ee o 0 o
Z(I)O 3(I)0 0 100 200 300
EARLIE KSR LU E

Measured moisture content (%)

B 1 T AR K R Ay vk T S
Fig.1 Predicted and measured moisture values with each sam-
pling basket data by two methods.

a) FWI; b) KEEZE AT Meteorological element regression method.
TIA] The same below.

30

X TBIF 5 1 X %) Y A T MERR 8 A B HRORE
MR IR, T FWI REGEIRERD , F 22 FEMC
JIT R ST I 2 M TR AR 1 T2 46 R 2% (MAE) i
14.9% , M NHR 2 (MRE) 470. 7% . BLIAMAE

Measured moisture content (%)

2 AFERTIRY S K B W R 5 ) SR A S
Fig.2 Predicted and measured moisture values with all data

pooled by two methods.

55 AR G i B R3S ) 5 7K SR A
AU MAE 784001 L2255 RN B3 0 8 M E/KRRY
H 7 ANE) FWI AL MAE B LR G5 R %
WAL/, H MRE /N F a4 X2, H FWI1
PRS0 A T ] SR 2 K R R G B R ELRE )
PAf TR, W [R]RER G AR 22 B B R TR 4
PR EAERIABA R X TR XN E 2K
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Table 8 Extrapolation errors of models established on data
of each sampling basket

it FWI [l 45
Sample plot FWI regression

AEHER IR
Meteorological element
model regression model
TR FAXT PR IR
BWEMAE %% MRE 2 MAE %2 MRE

(%) (%) (%) (%)
s e 1 24.6 127.3 24.5 124.1
Plot 1 in open forest
Hhrhas kL 2 20.0 99. 1 24.6 144.2
Plot 2 in open forest
s R A 3 20.2 73.1 24.5 133.8
Plot 3 in open forest
s i RE e 4 19.9 102.1 24.8 156.4
Plot 4 in open forest
T TR 1 24.8 99.6 24.7 97.7
Plot 1 under canopy
BT REH 2 20.1 98.7 24.6 141.0
Plot 2 under canopy
i TEE R4 3 20.0 9.1 24.6 144.2
Plot 3 under canopy
T 5EE T BE 4 4 24.5 122.5 24.5 119.6
Plot 4 under canopy
-4 Mean 21.8 102.7 24.7 132.6

FH FW 00305 ok Tt i) b 35 08 V% W B K R R 5
R EZPIAEEA — e, vl T80 o] gk &
IR APPSR BRI,

PRI MAE 22 5% R 2 {0 MRE 2257 12
E.ONE AT LUE RS K SR B w8 43
B KRB IAN F8 o3 2 W R AR 132 25 1) R U
FHEPIEEAN MAE 22 5 A0 . FWI LA i
TNME 55 S Y e ROAR R 22 B B R TR B R
[ABEA R B R AR S AR A, Ja 3 B s A R
W1 H S FT R BN MRE 22 57 2%

SR FH A A TR B BT AT L 2 R
I B E PR AR R R A0 T R R R A ) 5
TKEEAG] BN T S K R AR L S BSOS RR
TR,

SR AR B FWI AT S0 28, Simard 2677
PRSI S KRR 22 27. 7% ; Chrosciewicz " X
F Jack FABKT FVE Y S KRN AR 20 16% ~
18% Xt Fhh 2 AR 2% 4 81% ~91% ; Aguado
VT A T IE Y S OK R IR E N 8. 1% ~
17. 1% . AT AL S R BFFEARIE , AT %)
B IRERAE T A LA, # R AR BEIR MR R
FH FWI HEFREE ST (1 TR 2 7K 238 T50 D0 4SS 7 ) G 3
5T L. R WISR T FW 7 125 3000 1
AW MAE 28075 10% ~30% . \NASHBF5T 45
ATLAEH FWE R BAR R R B E H A

K 5 W 1 — 2 (RN KB SRR 40 T 5, 3k 0
()25 T A R Z 1 SEBR AR, DR Ry oK I 45 9 ) 43 X
AT R 7K 3R TR 22 SRR ARy, T S AR A
(ARG FE JEASER BRI A2 . (H A SR HEAT K AT Ry Bl AN 43
Br, WSRO BE S AR A8 X RE ] FWIT R 48
F—SEFE bR, Q0FE BE RS FWIT 452K 43 B R 2k 19 kAT
R, a7 AR R B AN 2 Pk . AR SCHY T B ARG B
XHRE T FWI RGNS 5 ALY & 7K 20
PES NS TENTE E s TN RE VA T
SRR ORI R IFIRA K23, HIE#1
KA i, UL AR PR X A AT SR AR R S5
KR O R 43 BT A 728 AT A SR oK A 1
i, L7 AR A E PR T BER LUAR B8 FWT 8 45 5 4K
K ZTE) 26 2 T R A9 B K

JERFEHL X FWT R G0 00 B2 65 5wl R &
KRR, B G EE R PNIE T, {8 B i 37 45
AU TR BE A ZAR &, BRI, A 5 LA X FW1
RGEAEI E N PEIE TAE. 75X FWI S TB IE 5
)R PRI A 0 A A A X AR R K AR B
IR R A 0 R SE A K2 TR A T I [ A8 AR e
SEARSCGX AN FEMC 9 87 B2 ] )2 e 8] SR A OE
A RE AR SO AR S B oK 23 KR S5
FWI 8BRS 7 X6 LU 23 B B, iR 22 BRI 2 02 %
T & AR 5 2 7K R B I ) A B di . Aguado 45700 45
B RG2S R B L X T
AR S, R G S AR B —
FEMR RS AZBE RS MY FNR RS P 45 5 ), RS kil
SRR 5 AT B K R AL I I A BT 25 5
FL B YRR A BB D ST, 25 A
AR RAEAL T BEVEAT & A 8 T AR /N2 R o v )
KHE MG, SEORA PTG KCRIRMG X 2
IRZER N EZEA. Kk, 2B IE N TE
W TR BE RS A IE L.
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