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Impacts of ENSO events on forest fire weather of China. TIAN Xiao-rui“, ZONG Xue-zheng,
SHU Li-fu, WANG Ming-yu, ZHAO Feng-jun ( Research Institute of Forest Ecology, Environment

and Protection, Chinese Academy of Forestry/Key Laboratory of Forest Protection of National Forestry
and Grassland Administration, Beijing 100091, China).

Abstract: The ENSO events affect climate and fire danger of China. It would be helpful for impro-
ving fire danger forecast to understand the impacts of ENSO events on fire weather for various eco-
logical zones in the country. We calculated the fire weather index ( FWI) using the daily climatic
dataset (V3.0) of international exchange weather stations in China during 1951-2016. The burned
areas in forests for each ecological zone in 2001 —2016 were derived from MODIS fire products.
Temperature, precipitation, FWI and burned areas in fire season were estimated for each ecological
zone by ENSO events ( weak, medium, strong, and super strong El Nifio events and weak,
medium, and strong La Nifia events). The results showed that there were 19 El Nifio events and 14
La Nifa events during 1950-2016. The average daily maximum temperature of the spring fire season
increased significantly in the northwestern region with the influence of strong or super strong El Nifio
event, while the temperature reduced significantly in the medium El Nifio event for mid-temperate
semi-arid grassland. Precipitation in fire season generally increased in El Nifio events in southern
and southwestern forest regions. It would be reduced in most areas affected by the low and medium
intensity La Nifia event, but be increased during the strong La Nina event. The fire weather indices
of southern forest regions decreased due to the weak El Nifio event. The FWI of the northern forest
regions increased with the strong or super strong El Nifio event, and reduced in the southern and

AR H [ 5 A &R H (2017YFDO600106 ) A1+ e 2 /0 25 MERITF B T SEASEMIF L 55 3% 435 ( CAFYBB2016SY014) %% ) This work was sup-
ported by the National Key Research and Development Project (2017YFD0600106) and the Central Public-interest Scientific Institution Basal Research
Fund (CAFYBB2016SY014).

2019-11-11 Received, 2020-03-06 Accepted.

= IEE Corresponding author. E-mail; tianxr@ caf.ac.cn



1488 N A

&l 31 &

southwestern forest areas. There was a significant spatial difference on the FWI for some ecological

zones with the impacts of the El Nifio/La Nifia events. The burned areas showed a consistent change
trend with seasonal severity rating (SSR) during 2001-2016 when the SSR changed significantly for
the regions of deciduous broad-leaved forest in humid/semihumid areas of warm temperate zone,

broad-leaved forest in the middle north subtropical humid areas, and broad-leaved forest in tropical

and subtropical humid areas. The burned areas in the rest regions were not affected by the ENSO

events.

Key words: El Nifio; La Nifia; forest fire weather.
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Fig.1 Ecological zones and weather stations in China.

Ry : BRAFHEEEX Temperate desert; R, ; FEIRH I b X 3% £ i bk
[X Deciduous coniferous forest in humid area of cold temperate zone; R, :
I I ML X ZR AKX Forest in humid area of middle temperate zone
Ry HHRAT T S X FEBAET AKX Coniferous forest in arid desert area
of middle temperate zone; R, : HFA 2 TR H X FFIX Grassland in
semi-arid area of middle temperate zone; Rs: Wi MR IE /1 1 Hb X
V&I [E AR N T4 8 X Deciduous broad-leaved forest and artificial
vegetation area in humid/semi-humid areas of warm temperate zone; R :
R e T 5/ T B X 8 )5 X Grassland in semi-arid/arid area of
middle temperate zone; R : H1Ib AR G 108 i DX e bk LN T AR B X
Broad leaved forest and artificial vegetation in humid area of middle and
north subtropical zone; Rg: Ay g 7 R4y I e b DX ] Pk N T A
[X Broad-leaved forest and artificial vegetation in humid area of tropical
and south subtropical zones. FIA] The same below. 1 . K43 Weather
station; Il ; A= 7253 X Ecological zone; Il ; FEAK Forest.

®1 BESHEXMOFRKNERE

Table 1 Fire season for each ecological zone!*”

LA A DX KA
Ecological zone Fire season ( month)
R, 3—10

R, 4—5, 7—10
R, 3—5, 8—10
Ry 3—6, 8—10
R; 11—5

R¢ 12—S5

R, 12—5

Ry 11—5

R, : FEJR IR X & £ AR X Deciduous coniferous forest in hu-
mid area of cold temperate zone; R, : H R MR HL X ARAKIX. Forest in
humid area of middle temperate zone; R;; FPEMF T 5 X Fe B 1Ak
[X Coniferous forest in arid desert area of middle temperate zone ; R,: 52l
TR 2T A H X 255 X Grassland in semi-arid area of middle temperate
zone; Ry : WG I/ Y0 0 M X 9% i i bk L N AR 3 X Deci-
duous broad-leaved forest and artificial vegetation area in humid/semi-
humid areas of warm temperate zone; Rg: FrE Ay 2 T 5/ b X B
JEIX. Grassland in semi-arid/arid area of middle temperate zone; R, : e8]
AU By N b DX AR N TAB 3 X Broad leaved forest and artifi-
cial vegetation in humid area of middle and north subtropical zone; Rg:
PO R B T T b X AR N TAE 8% X Broad-leaved forest and
artificial vegetation in humid area of tropical and south subtropical zones.

F[d] The same below.
AU
1.6 ZdEabH
XoF T8 AR B DX [A] A = 4% 5 R %) SSR 28
[B)43 A5 5 B0, Al Anusplin 4.36 43 5 £ 47 25 8] 46
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Table 2 Influence of ENSO on the average daily maximum temperature of fire season for each ecological zone ( °C)

X35 B IEFARGY

SIEWAEG B 22{E Difference from normal year

Region Period Nomal “ggji/gje  hJE/RiE  MRIER  MERJERIE SSRUCRE dRe e SRR e e
year WitE WA Jei WitE Weak La  Middle La  Strong La
Weak El Medium El  Strong El Super El Nifia year Nifia year Nifia year
Nifio year ~ Nifio year ~ Nifio year ~ Nifio year
R, K38 Fire season 13.67 -0.22 -0.03 0.13 0.55 0.12 0.21 1.06
R, F 7 K] Spring fire season 16.29 - -0.82 0.35 0.48 - -0.39 -1.22
R, HKZE K3 Autumn fire season  21.06 0.13 -0.30 -0.28 -0.01 0.22 0.44 0.27
Ry F: 2= K& Spring fire season 13.82 - -0.76 1.63 2.24 - -1.07 -2.34
R; FkZE KB Autumn fire season  20.80 0.58 0.29 0.29 0.60 0.37 0.37 0.30
R, F 7= K] Spring fire season 16.95 - -0.62 0.67 0.80 - -0.42 -1.10
R, FKZE K Autumn fire season  17.13 0.27 -0.07 -0.33 -0.10 -0.17 0.34 0.40
R K] Fire season 11.35 -0.44 -0.06 0.58 0.70 -0.17 0.00 0.73
R¢ K %3] Fire season 3.65 0.15 0.46 0.17 0.06 -0.18 -0.09 -0.50
R, K Fire season 14.42 -0.15 0.07 0.28 0.38 -0.28 -0.18 -1.09
Rg K] Fire season 20.07 -0.16 0.26 0.07 0.04 -0.32 -0.23 -0.58

—: WA EHE No data. T [F] The same below.
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Table 3 Influence of ENSO on the precipitation of fire season for each ecological zone (mm)

X 3, B 1EH AR S1EH 0 ) 228 Difference from normal year
Region Period Nomal ggji/fe  thJE/RIE  BRIE/RJEH BIRIERIE SHUCIE dhie e sah e e
year AR A Strong El WitE Weak La  Middle La  Strong La
Weak EI ~ Medium El  Nifio year Super El Nifia year ~ Nifla year  Nifia year
Nifio year  Nifio year Nifio year
R, KB Fire season 440.70 -17.80 -42.10 64.80 64.75 -23.20 -29.30 17.07
R, F 7 K F ] Spring fire season 75.76 - 6.55 15.87 23.01 - -0.82 29.36
R, FKZE KA Autumn fire season  362.36 -28.51 42.17 -4.03 -13.96 -32.37 -22.44 -2.84
R, FZ K53 Spring fire season 49.97 - 4.09 -8.13 -17.83 - 5.09 6.01
R, B2 KB ] Autumn fire season 51.10 -3.51 -6.52 -8.43 -8.00 -1.83 -3.66 -7.40
R, F 7= K F ] Spring fire season 111.94 - 3.87 -3.92 2.20 - -2.42 -2.40
R, FKZE KA Autumn fire season 62,60 -1.11 -18.87" -4.91 -6.50 -1.83 -1.26 -9.00
R; KBS Fire season 135.85 12.76 -3.17 41.23 47.93* -15.18 -23.19 -28.86
R¢ K &3] Fire season 81.96 -1.83 -5.98 13.81 15.71" 7.37 -0.99 17.58
R, K Fire season 317.99 37.86 22.73 47.62 35.73 -27.31 -8.91 38.89
Rq K539 Fire season 596.74 -9.14 8.21 202.40 183.19* * -6.91 -51.34 5.71

% P<0.05; * * P<0.01. F[d] The same below.
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R /K B R MR RE
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R, X ZE 10 K ™ AR B B PRI (3R 5) 5 hJEUR
JeEFAF TR R, KRk KR 0 B RS A8 £
b, HAl X S R SRR 3 B R 2
W R BORE HL8E X (BR R, MR, X T K
B 1A ) 19 2K Iz R A HR A JIT BR AR ; M 5 2 2R Je i 3
PES eI O MIPE R L IX (R, Ry Ry R, Al Ry

* 4 ENSO E43FZEH X NFEH AR XSISE (FWI) B#20E

X)) B KBS R AR EA PTREAIR, Ry X K RAHR
BRI ™ B R B I SRR, VY AL RIS A3 AR L AR X
(R, Ry AR, X)) B8 KB R AR B i T
SSPURIEE SR R, X H 2 AR Y A B R
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K
2.4 ENSO Ff4x B 7™ d Fe B 25 (8] 437 1 52
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Table 4 Influence of ENSO events on FWI of fire season for each ecological zone

[X 35§, i Bt IEH AR 5 1EH 4E 40 Y 22{H Difference from normal year
Region Period Nomal  ggyi/gjg  thJE/RIE BRIE/RJEH BIRIERIE SHUCIE dhne beE sah e e
year WitE WA Strong El WitE Weak La  Middle La  Strong La
Weak EI ~ Medium El  Nifio year Super El Nifia year ~ Nifia year  Nifia year
Nifio year ~ Nifio year Nifio year
R, KB ] Fire season 10.65 -0.73 0.21 -2.54 0.22 -0.08 0.85 -0.17
R, 7 K83 Spring fire season 21.74 - -2.52 3.99 -0.31 - -0.97 -9.72
R, B2 KB Autumn fire season 9.52 1.22 -1.32 -2.82 1.41 1.52 1.29 -0.40
R, 7 K83 Spring fire season 23.79 -9.17 1.10 -3.79 3.91 -1.24 -2.38 -8.36
R; kKB Autumn fire season  30.38 -0.02 2.64 -2.81 4.39 1.87 1.09 -0.53
R, 7= KK Spring fire season 33.80 -0.95 0.21 0.48 1.36 -6.77" -0.63 0.52
R, kKB Autumn fire season  20.32 -1.17 5.21" -2.79 2.55 -0.07 0.98 1.13
R; K &3] Fire season 21.45 -2.29 0.10 -3.42 -1.73 -0.62 0.78 4.32
R¢ K1) Fire season 20.89 -0.39 2.86 -1.81 -0.70 1.04 -1.47 0.46
R, K] Fire season 11.05 -1.33 -0.67 -2.64 -0.13 0.09 0.33 -1.04
Rq K] Fire season 10.78 -0.44 -0.37 -3.26 -2.62" -0.49 0.27 -0.18
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Table 5 Influence of ENSO events on SSR of fire season for each ecological zone

[X 4k B EH ARG SIEWFEM I 25{H Difference from normal year
Region Period Nomal ggji/fe  thJE/RIE  BRIE/RJEH BIRIERIE SHUCIE dhie e sah e e
year WitE Strong El AR Weak La  Middle La  Strong La
Weak El Medium El  Nifio year Super El Nifia year Nifia year Nifia year
Nifio year ~ Niflo year Nifio year
R, KB Fire season 3.05 -0.52 -0.85 0.01 -0.29 0.33 -0.35
R, F 7 K F ] Spring fire season 9.15 - -1.63 2.67 -0.47 - -0.68 -5.61
R, B Z K Autumn fire season  2.26 0.57 -0.48 -0.88 0.68 0.63 0.51 -0.25
R, 25 K K] Spring fire season 10.92 -5.76 -2.44 2.91 -0.26 -1.58 -5.31
R, FKZ KW Autumn fire season  13.58 0.31 -2.48 3.16 1.09 0.52 -0.50
Ry FZ= K Spring fire season 18.31 -1.41 0.24 0.48 -5.53" -0.63 0.63
R, B Z K Autumn fire season  7.65 -0.76 3.25* -1.61 1.65 0.04 0.54 0.48
R KBS Fire season 8.51 -1.36 -0.04 -2.11 -1.23 -0.28 0.33 2.53
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