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Abstract: [Objective] The prediction of the fuel moisture content is the major part of forest fire research
and the moisture content of surface fine fuel, semi-humus and humus determines the persistence of vertical
fire and the probability of underground fire. The change of moisture content is mainly affected by weather
conditions and topographical features, while there are few studies on the dynamic changes of moisture
content of semi-humus and humus in China. Therefore, analyzing the dynamic changes of moisture content
of these three layers of fuel has a guiding role in establishing China’s forest fire forecasting system.
[Method] The research conducted daily monitoring of surface fine fuel, semi-humus and humus moisture
content under the typical coniferous and broadleaved mixed forest in Maoer Mountain of northeastern China,

the meteorological data of forest were also monitored synchronously. This study also statistically analyzed
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the correlations between meteorological elements and the moisture content of three layers of fuel, and the
meteorological element regression method was used to establish a moisture content prediction model for
three layers of fuel. [Result] During the whole monitor period, the moisture content of surface fine fuel
fluctuated the most, with the minimum value of 10.99% and the maximum value was 253.30%. The semi-
humus was the second, and the minimum value was 19.21% and the maximum value was 238.07%. The
moisture content of humus was the most stable, and the minimum value was 48.45% and the maximum
value was 193.83%. The change of moisture content of surface fuel was the most sensitive to the response of
meteorological factors, mostly related to the meteorological factors on the current day or the previous day,
followed by semi-humus, and the moisture content of humus was only related to air temperature. Three fuel
types of regression prediction model for meteorological elements of moisture content were established. The
average absolute error and the average relative error of the moisture content prediction model of surface fine
fuel, semi-humus and humus were 22.2%, 23.5%, 17.1% and 7.1%, 14.8%, 23.4%, respectively. The
prediction model of moisture content of fine fuel and semi-humus both can basically achieve the accuracy of
forest fire prediction, while the accuracy of prediction model of moisture content of humus was bad.
[Conclusion] The three layers of fuel may have a forest fire during the fire prevention period. Attention

should be paid to the prediction of underground fuels, including the moisture content of semi-humus and

41 %

humus, in future forest fire prevention work.
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B AR RARIR , AR K I A, R AR
B RGN T- PR RZ# T 58, 7™ EHAA T AR
A RGNS AN T RE, MK CIR BN A BR Y L (1
H AR R F e Dy 1 NI G M A A AR AR KK
CL T R R MK TN TR BE 0, SR AR AR R R
T FRARAR IO BRI AE S RGERIHE Y B KK
K2 22 75 TN 3R B, JEAT AR K T AR
BT RS IX L R R A 2 E AR R, 7T
KAPDRFALE s SR BT 2R e A Oid s 0, o, AT
A A S B AR 25 A R AR R TR, MR AR
KPR B E AR B -7y AR A, mTR
W5 7K 3 A2 52 MR R AP R e A 5 e JEE 1) S B TR 2
HA IR MK ANRIE T R RRYIB 5| BRI AT REVE.
b, FTIRY) 5 7K R W U S 5 AT R 5 K A A T
T 2 AR KR TE A B R

AR KSR TR TR 2 AT AT 4 R, A
T AP 5 K R R AT v R B R BIVE
L R AU Hrp i R A T ek T
IR, AR TR A%, 1R AR S8 bR P N
U130, 388 S Al 02 2 N 1 R RUBE FR vl SR 5
KT, 5 HAE FEAE AL RLR, Toidals BIAR K 7t
RN B2 BRU, SR ER VAR 1) 5, [ A Ahadt
1T TARZ WL, (R SE a3 T Giit Tk, AT TthiX
AT RS B 1 5 SR AR, A HER R AN U, it
A S KRR R A T B, Hh RS
OB LI IRAT, A BANGE TR AR T, B
AR BARZ BT AT T RER WY &

TKEEHIT I, AH 2 A AT BRI 50 KR 3 /2 R rh AE b 3
BERT IR, b T30 W RAY, L4 2 G R B o
UEIKEIERBETT . MR T nT A 32 AL HE
RANNFERT IR B TE TR TR GE 5T, ¥ T e o M
VAR &K RAE— B L RE TR KRB & 5T 1
MK BARR K A B AT Re MRS o MR 4H/ N IE v ) — B
B TIRR, AR KT B & S I AR 2 0 X K P S A
52 (RIS, T LGS B 5 K R AR (< 100905,
W 5 KA BIRR, IR R AR S R G F R
1, AIFFE AT BRI 7K EE B 25 A8 A B T A 2R ANV A
$55 M A0 /N BE AT R 5 K AR, 3 N AL A A S e A
JE AT 7K 0,
3 MR 2R B W A & K R ARG L 2
T I I R AE 1Y) o AT BAMI B i A i T R S K FR R
AR TR AT — 58 B, TR R 2 )
BB KRR &K F 2 1 — e ' I 17K 53 T e 2
FRT IS TR A I 95 71, AR IR K TR 2R B 1) 53 Ry
1. 10, 100 #1 1 000 h I ¥ AT 484, 2 SCHF 50T R 3
RN/ NFERT BRI 2F JE5 B 5 R 8 BB 53 990 % 82 1R
1. 10, 100 FI 1 000 h AI¥AY).
LIAASE HAR(Pinus koraiensis-Quercus mongolica)
Bt il VR A2 P 2 ] AR b X R TR AR R
¥, T H.Z2 A AR B A AR AR, R AR OR
LUEADIR, WP TIR, LR+ SR,
FLLLRAGE T BRIR AR At b rT R 5 /K Z 3h A58 AL
SN R B 2 . Rk, BAZERA 5205 AR AT
e Y A2 PR ML R 2 /N BE AT IR~ T TR R % I B



53

T URAR MR L L X S 3t 2 TR B K AR B A A A S T A Y 51

MRS G, 3t 3 5 AR K 34 H sh 22 4E,
TR KR PRI, D3 AR K TR TSR I

1 B KL 5 7 5% 7 %

1.1 FARXHER

B FEIX AL T8 ) LLL & AT I AR AR AR 2 R G0 7 o7 i
(45°20'N. 127°30'E), “F¥J¥#E3R N 300 m, 58 A % =
HEARA 805 m. 1% X JE T 4L AL I K ik 2R KU S
fi, A4 SN 2.8 °C, I BE R &~ 720 mm,
SRR EZIN 1100 mme. BIF 5T X M A 398 g g
FRIE, JEAE A LA IR AR R TR, Hi R4l /N R 78
MIEFELIH 3 ~ 6 cme VA HEYE FEAFESF A HR A

Me(Betula platuphylla). HIBk(Juglans mandshurica).

21K 9 BE (Phellpdendron amurense) Jx % %2 & M Fi
(Larix gmelinii) %5 .
1.2 HHEIREX

T 2016—-04—10 £ 2016—06—08( FFZ=[) -k H) 3t
AT H R AT IR K R IR SE S, 351 60 do — AN
H 14:00 2924 H TR & K 285 %00, A itk A
H 14:00 AT RFE . (ELLAASE A ARFE LA 15 & 20 m x
20 m MIRE T, FERE T R BENL B B 3 ANFE AL BEAS AT
Iy ERETTIRY) . MR TR i b 2 AR
FERT BRI ~F- 65 5 Jo A G 5T, HG TR Al /NBE T R
BLFRRG R VR A, R R B A B B R WL,
- JEE B S N AT A/ INBE R R AN S B o 2 [R] R

AT ST SR FH 6 B R 1 7 1SR SR AN (R 2 AT R
Yo & H 14:00, $BEAFE SRR B AT KT
B9 R TSR 20 Sl B NG o, BB BRI R, A
NG AT R R T B B KT, FBRONS &, FEPE(S
HAMHENE DS REFRY G, RIEFRATRY)
i S EE AR N Wy, 3 BT BRYR LT R
B0 25 20, 60 A1 100 g /247 . B4 H A Al Bk
WIRE S RS20 S AE 105 °C FHEF S E R &, FRAT
BT R S EEREZ A Wy, FRERANMEE
T AT B R e o w1 . BFANRRE
B, 8 P 050 i) 2 A9 28 BT 7 R T 8 IR AR
FT 30 G X TE NS R £ ) B

TELLAS 5 T R Vi 22 bR R 22 158 HOBO /)24
i 45 AR Gk, SRR N AR . REMARRE
FAFE SR (D AR D KGE D
B T 52 CRO A5 o A G AIHE M I - oy B 1) 5 >R 2
i TALAR ], SR H 14000, SREEIRE N 1 ho
1.3 HRAE
1.3.1 AR THRDERESHE TR

H 2 TR 5 /K i i v 55 3 SRR s T
WA & K R AP E A B, AR S AR &

IKZEGFH IR (D FrR:
(Wu—-Wp)—(Wp - W)

M= x 100% (1)
Wp —W>

A M AT IR 5 K ZR (%) s Wy T AR o &=
FE B ot & (g) s Wy AT o1 & S B i &=
(g); Wy NEFHER & () W, NMEHTHE(.

FIH B R 32T 23504 3 2 nT ) & /K 3 2 1)
ZE 5, JEGETE AT K SR B ARRAE, B4 i KA
B /ME- FIME e K B/ NERSE o 5393 LLGH/INE
AT PRY) P 6 B RS B TR 1) B H S K AL KR,
PLRAE H IR AL bR, 45 20T YD & K 4 H 3h &
BT E . L 3 JZ T IRIEAH R R A&,
AR S KBNS 22 5+
132 THRMEKREY AR THR

EH T R SRR i) 2 JE Lo R 5 B O R < B
FIIE A — R i S PR, RS BE A BL Y H EX
FHI 1 HARREAR AT & KRR AT 04 AWt
FH n(n =1~ 5 KT HRERE 50 &K FE A4
MRS R R R RSN Hod, 2SI A
FE ARG 3 il v 55 n RAT 4 H P 3ME, FER A
n KATFEN Z 0, Flan 7y FRoR 3 KATH 24 HF¥E
FE, Wy 27K 2 R4 H AP RS, Ry 2o 5 KT
W EZ . 535%F 3 E Y& KRS FRIEREM
SE AT Pearson AHMES T, 15 2] AP 7K
FE5IG AT 8] A A
133 TR &K F TR AR

AT IR BTGB R BT R v R &
IKEEFM o 73 A7 G20 TR 2 7K 2 1) 52 i,
WG J7%, AL RER AT & KR Z 18]
(R, RO TR EL R B

HRAE 1.3.2 H Pearson AH I 23 #7152 0] A4
KB B ) R, G BRIE S BA T, B
KON, WIS KB NRAL &, SHH
FHNEBEEZ UM . WIS LT T
60 d, e FE 80% At I K 247 A, Fo R 20% %X
PE AT RIAURE RS

M= Z X;b; )
i=0

Kb MR &K FE (%) X(Gi= 1.2 ... m N

0T i RISRR TR, b, NS5

1.3.4  FRMABEALNG B AR IS
BN S KB G, B RS 5

(17 12 HEARANTT 1R, 15 20000 v] AP 37K 2, )

i) FI () TH AT AL (1)~ 1 48 %] 12 7% MAE F1°F

BRI 2 MRE o #Ji DA S INE i AL b Tl AR



52 b mw # kK % R

41 %

NYNAERR, Ll SO TR B

MAE = — Z|M M| 3)
l]l

M4_M.
1% 100% 4)

i

K%, M, F75

1 n
MRE=— Z

ij=1
b M RORIE AR &
AR 7K TTAE (%) -

IR BOHE S8 i 39 78 Excel 20164 SPSS 18.0 Al
JHid Sigmaplot

Statistica 10.0 HE4T 115 A EBIER 2
251

20

—_ —_
o (9]
T T

#iJE Temperature/°C
W
T

=5

L.
2 R
21 BUBSKEEDBEUNH

12 T IR 14:00 IS B RE R A

AR gL, AT CAE Y, RN W A, SRR AR
IE - 2.99 ~20.91 °C, FXIREARITERE N 35% ~

100% . 75 =i FUAH X 48 B % sh e K, H 2 2SS
PERREE F I, 23 SR AR VR B I s AR A e, &5

AR LR OKIN, AR e iR

....... FAXHEEE Relative humidity | 110
{100

FAXFEE Relative humidity/%

04-08 04-13 04-18 04-23 04-28 05-03 05-08
H 4 Date

1 1 1 1 1 1 30
05-13  05-18 05-23  05-28 06-02  06-07

1 e I3 e i e P s A AR

Fig. 1 Dynamic of air temperature and relative humidity during the monitoring periods
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TiH Item 77 F1 Sum of squares [ H1 /% Degree of freedom SFI4{EF )7 Mean square F P
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Tab. 2 Statistical characteristics of moisture content of surface fuel %
AR /MA RKE FIE B f R B BN
Fuel type Minimum value Maximum value Average value =~ Maximum value of daily range Minimum value of daily range
#H /N AT Fine fuel 10.99 253.30 68.40 173.57 0.26
A JEHE R Semi-humus 19.21 238.07 132.47 107.80 1.08
JE %)% Humus 48.45 193.83 81.97 84.10 0.59
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Fig. 2 Dynamic of surface fuel moisture content during the monitoring period
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Tab. 3 Correlation coefficients between moisture content of fuels and impact factors

iTE IV PSS

FALBSES YN RY) BT JEHA I AN NP ST JE e
Impact factor Fine fuel Semi-humus Humus Impact factor Fine fuel Semi-humus Humus
Trnax —0.435%* —0.381** —0.378%* Winax —0.068 0.237 0.141
Tnin 0.173 —0.174 —0.348%* Wnin —-0.079 0.054 0.019
T -0.218 —0.305 —0.403** w -0.073 0.203 0.051
Ts 0.144 —0.070 —-0.237 Ws —0.138 —0.146 —0.095
Ty 0.081 —0.190 —0.275% Wy —0.273* —0.082 —0.100
T 0.068 —0.252 —0.366%* /8 —0.290* -0.219 —0.087
T, 0.061 —0.245 —0.389%* W, —0.238 0.007 —0.109
T, —0.045 —0.302* —0.410%* W, —0.148 0.165 0.008
Hpax 0.477* 0.310% 0.112 Rinax 0.484%** 0.228 0.035
Hin 0.823%** 0.417** 0.103 Riin - - -
H 0.800%* 0.385%* 0.104 R 0.714%* 0.433* 0.150
H; 0.133 0.004 0.022 Rs 0.119 0.059 0.001
H, 0.011 0.149 0.016 R, 0.002 0.261* 0.064
H; 0.004 0.253 0.006 Ry 0.076 0.295% 0.024
H, 0.178 0.317* 0.073 R, 0.162 0.317* 0.111
H, 0.606* 0.513%* 0.171 R, 0.647%* 0.618%* 0.243
Tt T Tonin M T2 38R 24 H S el B B AR FE AN 14:00 AR, T, 375 R i R-F- S BE 5 Hypen Hlin MUHZD S22 7 24 H 5 v AL R SR AR AH

X LA 14:00 AR SEE, H, 7= n K BT BRSPS AR R E  Wan Wonin M V23 1287 24 1 B KRR B /DN AU AT 14 ooﬁfmfw_@, W, RATHIF)
S5 R Rm,nﬁR%ﬁUﬁTJ 5 KR W B A/ P T R R 14:00 1) P I &, R, AR R AT B AP W & o Notes: Ty, Trnin and T represent the
highest, lowest and 14:00 temperature of the day, respectively, and 7), represents the average temperature before n days. H,,., Hy;, and H represent the
highest, lowest and 14:00 relative humidity of the day, respectively, and H, represents the average relative humidity before n days. W, ., Wi, and W
represent the highest, lowest and 14:00 wind speed of the day, respectively, and W, represents the average wind speed before n days. R ., Ryin and R

represent the highest, lowest and 14:00 rainfall of the day, respectively, and R, represents the average rainfall before n days.
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Tab. 4 Parameters of prediction model of fuel moisture content and errors

AR A Fuel type TR Prediction model F P R MAE/% MRE/%
/NI BRYD Fine fuel Y=— 24.605+ 1.670H,i, + 774.016R, + 28.634R . 65.74 0.000 0.805 222 7.1
£ JE 54 Semi-humus Y =138.057 + 605.625R, + 363.571R + 388.547R, — 2.77T,; 17.51 0.000 0.584 23.5 14.8
J&HE 5 Humus Y=102.551 — 1.966T 6.987 0.011 0.113 17.1 23.4
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Fig. 3 Comparison of measured value and predicted value through 1:1 line
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