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Abstract; Over the past 50 years, the climate has changed rapidly with global warming and land surface drying, which has

been accompanied by increased forest loss and damage resulting from pests and diseases. Climate data (e.g., air
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temperature, relative humidity, and sunshine data) from 1961 to 2010 showed that the climate in the Jiangxi Province was
warming significantly, with the annual mean temperature increasing by 0.16° C per 10 years, and the winter mean
temperature rising by 0.27°C per 10 years. The Jiangxi Province climate was also drying throughout this period ( annual
mean relative humidity decreased —0.45% per 10 years). In addition, forest pests and disease occurrence from 1992 to
2010 showed that in Jiangxi, the area affected by of forest diseases and pests increased significantly, with 58,125 ha per 10
years. Pearson correlation and principal component analyses showed that 16 (for forest diseases) or 17 (for forest pests)
climate elements were significantly related to the forest loss. From these individual elements, the most positively correlated
was a 9—year sliding average of summer mean temperature, and the most negatively correlated component was a 9—year
sliding average of hydrothermal coefficient (annual mean temperature / annual mean relative humidity ) . Amongst the four or
five principal components, the variables temperature and temperature —humidity contributed most to explaining forest area
loss (41.43% and 42.0% , respectively). In stepwise regression analyses, three optimal regression models ( Total: Y= 3.
582 x 106 -7.750 x 105X, forest pest: Y=-6.375 X 10°X + 2.95 x 106, forest diseases: Y=-1.375 x 10°X + 6.321 x
10°) were analyzed to describe the forest loss (Y) by the 9—year sliding average of temperature humidity coefficient (X).
The three models showed a linear fit of 77.9%, 79.1% , and 56.7% and a prediction accuracy of 66.2% , 68.6% , and 47.
9% , respectively. A declining trend in the sliding average of temperature humidity coefficient was observed over the past 50
years, for which the anomaly transferred from positive to negative in 1993. This indicates that climate warming and droughts
could have aggravated the forest loss and damage over the past 50 years, especially after 1990s. A wavelet analysis showed a
29-year periodicity in the temperature humidity coefficient. If this anomaly started in 1993, the forest loss trend could
potentially be relieved by the end of 2022. In Jiangxi, the temperature humidity coefficient significantly increases from the
south to the north, suggesting that forest diseases and pest disasters should be more extreme in Gan Nan than in other areas.
In addition, since the change rate of climate warming or drought was higher in Gan Dong and Gan Bei, a high variability of
forest diseases and pest disasters can be expected there in the future. Overall, our results suggest that climate warming and
environmental drought aggravates forest diseases and pest disasters in Jiangxi. They furthermore emphasize that Gan Nan
could be a key area in preventing and controlling the effects of forest diseases and pest disasters, whereas the monitoring

efforts in Gan Dong and Gan Bei should be increased.

Key Words: long-time; global warming; droughts; forest loss generated by pests and diseases; driving effect; regionality

20 g Lok, Bk R TR AN, 1325 50 A FHR #R T iE 25 100 4FA9 2 £51,90 AR T H AR R IR Y
10 4E23 ) Had 25 30 AR AEA 10 AF b T BT BE R T 1850 4F IR MATAT— 4~ 10 AR5 )RR AR
TR A BRAS B I dak | B ol b 3 TR ) TR AR A R IE B A (ARG E S ) KU T 5
O BRMA K E IR AR S R G, FRAR < M BR% DhAE A T B R 7R SRS R SRS T, IR
FItEssm' ™ AL T 2R PRI R A, AR AR MR AT AR A RN A B T B A7 TG R
JE R AAE G 8 5, NI 3 AR & AR SR BOKOY o AU AR AL ] i (A 3 A= W A= IX A8 5 A i LA
SR IS 37 1S VA o 312 B Sl e @) W =7 e e ol 121 S B S VN1 R4 7 )
ey FERENEEY UK A R PR AR AR S A K E R R AT T AR As
o FAEWK FERAE KRR R TIN AR K FEIA 7 A F YIS SYi Rt ER S % R0,
FRMHLEL o A S A S RGNS 22 5 i M | DX AR ) R 5 — A DX, 9F 9 HL 9 S A 73 Akt 2Rk
A= T I 2, 3R A H— i R 5T 22 91

TLVG 8 HIAL I R RS, RAE S RSB AT BRI, HioRm . KNABEEAR, g KELHRE
Iz I E AT B AR IR S R A 1958—2009 4E X AR IR LA 0.16°C /100 S HTFm "7 | [Fm,
BRI B BT S AR DL BRAT 4440.173 AWUZERG I, —2ERFR ) AR AR T, U R R4, & 23

http ; //www.ecologica.cn



2 SRMGEE A5 USRI TP A BRI R 3

FRMR A E TN Wb T % SEE AR AABTYIAY /NG SR AR AR R FE N 1 A g R
— S U AT R SRS R T R, AE T e 5 T RERTT , B ROR BT R BT (L XY = A2
W S LU0 ok I KA Rl R DRAE iy W K /D TR 2R B A5 IR 2R i g e Y SRR B R R AR
W32 [ 7K 22 AR R | 5 R R 52 i B L0 L e TN T v i R 0T 5 759% Y , WAR A5 L E T
SAEARAR R N FEAEAR R, X EG N T B ORI E AebE ) TLVUE A 472 FhARAMRAE Y R E Hih Gl e E A
70 AP UG EE 20 AR, QI L AU SR ICINZES SREMER T E R EEATIE AME R
BRA KA RE BBEEARSE AR NPT EEIR A E BN 0 A SRR S i K — R i 4E
& TIAN, Y — e A MR A AP ST AR ) R A TR AE AR AL, 7 M B e A i /D U
Tl 248 thy 7 305 4 DX I B AR ORI, AR b 2 X R HL 9 I T EE RS A MOl & B, A0 2010 AR RR AR A
Wy E AN 57586 LS, A2 Bk 8416 TG, AR SRS E 12k 34570 Jioc™ , R, Bl AL 1y
st N AR HUR AR, T SRR A T AR TAE MR 22 5006, IR R AE S R R L . B,
WS B TIRE FERT R X B 45 o — S R AR A X b LU s ) T X SR K2R B R
BT R it A 3G i SR VTP 4 1 2 SR S A 281k (AR M RHEE | ok s R Y
8 AR BRI ) 5 AR H 0 F K AR HR N T R R o R R R B S RO A A, R 2 M K R 48 1y
olb g dge FE B T AR S %

1 MRFE

1.1 BF5EIX R

DAL VG I WF5E X3, RIJE 25 24°20'—30°04" , 75 2 113°34'—118°28 [a] , H: b &b i 7Y 3y Pl 2 XL fi
X, RGIERMIE L SR AR Mol E a5 X s 22—, BR O B9 E 0 % AR A 30 T AN
F Rk 50 7oA
1.2 BdlR4gE B

RIEMFR XN E 5% )50 R R
FH AE7K S R R B AT B GBI BN RS
915 NS Gk (LK 1) 1961—2010 4E 7] R K S
T AR | A 50 A% e ok Rk HEL O (A
R RS EPE PO http ;//www. escience. gov. c¢n/
metdata/page/index.html, 2014. 11 % 5% ) | N4 F VLY
Mol Gt 1147 %5 8558 Rk i SR 4 VL T 4 AR MO LR E
1992—2010 4F ] A& A AR (B4 I 3 AU T
F) K 1998—2010 4[] 4% | | i B 1o FRECH . % TR
IRZEHHE | Seoxt I B B K (B R 7RG 2, DA/ —3fe ik
XFEIAE A TR AL PR B 1E S MK, R,
A3 BRI X LA 5 o A DA i /N — 3 i 4 Bl 2 (i R A
REAF, DL Tk S g8 hn, M2 IR AR AR 1 1450 A%
o (X B8, B 2) B B RAE (Y, Y. B
2) IR, 5RO B D ™ AT AL B DL A ; o 160 Miles
FMIE XN AR MRS . T, (AR & TS S 46 b | TEAS S AR B AR
TESME S AR A Z I, 1 H, A Fig.1 Weather data sampling sites of Jiangxi Province
PR S A LA B (8] 7 50 A i A2 B (8] A, R 9a
(9 45) WP 2 (100 H— AR, (R Sh3E B0 & A7 50 Sk R U E R IE B 22 X R

BYATHIX
— WHATHIX

http ; //www.ecologica.cn



4 A F E MR 37 %
AL S, MR AN .
t+4 Yamax
- Z Xﬁ S t+4
WM. X = AR,V == = SQRT( Y,
9 ! X -4 Yimax

(X, = X ain)) 279/ X (e FoH X FORABER 1
TR 44 FoR AR AT BN 4 4F 1-4 R8¢ 4R
i 53l 4 4
1.3 SRERE 5k

SR RS R R A B 2B 45
RIS AR AR L, anl&l 2 B, S48 ) 22 i 7 0
AR, 1047 O A% ) E 5 i e S 2 R A8 22 R AL = "
(BAR ) I AR AR BRI (AR ) 2 (18] 2) Rk
Ui S e A AR SR AR AR SO R R B2 AEX) SEE(Vop Y i) TEHE
E \*HXd‘/\E‘ZE \ﬁ%ﬂ( . El ,ﬁﬁ%/—:\ﬁ%% , @Tﬁﬁfilz‘iéj/—:\‘{ﬂ . Fig.2 Sketch map of mean(X) and variability ( Y,,,,. =Y 0 )
HAEWR(6—8 H) AFHiR(12 ARRFE2 A) i
25 (H W AR ARREKER ARSI R RN R A (AR AR B/ AR ) AE A H R £
{5 \9a MWL 9a W ENHMH 24 DN RER ZAERAG . ik LV TH0, el i AU B R 5 Bk ik
TR ARSI AT IS Tk th 5 2 W AR OCHE AT 5 AT, Z 5 B A o h B (i K
HAS i Aobops UK R A ARVE R AR 1, LA 2D [l U VA A0 PN A A | 5 245 52 M ARoMO HL K S A JE 228X
REE,
1.4 SRR ZSEEAE T

FELANE 0 3B ]y FRORFEAR SR n R —SAREEER ¢ R y IO R ARy, 7 6T &, o 1 —
JCERAE R v =at,+b (i=1,2,- ,nya HEERE 0 AW ED) | /D kit o f1 0™ Bl a =

> vt - (X () .
S S B o = S 1= L sax10 SR R T R
thi_%(zﬁi) n - n ;-
PSS B RFE o HERCRR R y i 1 THRS RZ IS TR S, 390, AU S 0k
ST R R A E I SRR PR TN 1.5 ARl 2500 50 (R 5 0 AT, B e 53
MG BRI (R]

AEIRAT ST DA 28 AR A RRAE R , X BRpig He O AR R R IX S AT TR, DA TR1E A3 Hr A A
1% JFIET Matlab Arcgis B0, FILINI AT 1A 601328 A0 R L2 WA A s . MRS
P Spss17.0 BAFSERL,

2 ERAW

2.1 SN BRI HL U ) 5 )
211 FM HUR T R A

A1 1 A0, WFST X RRMO H o R AT R AR A 10 B 1 TS 34, do e i RO U E T BRI K
LRI (1), BN, X P ERAOR HRCE AR AE 1992—2010 4E[A]SFE3 LL 58,125 A Hi/10a 38 B 1
T SR BTG 32 8 RN 22 s B¢ A B b B R AR DX I R A2 N OB AN

http ; //www.ecologica.cn



2 SRMGEE A5 USRI TP A BRI R 5

R1 1992/1998—2010 FIIEHARMKFEAREL BB SLETE
Table 1 Linear equation and trend of forest diseases and pest of Jiangxi during 1992/1998 to 2010

%4 Occurrence FEO(X) LR ) fEE
(Y, hm?¥%) Year Linear Equation R Trend
g HUE BEA Total 1992—2010 Y=2.168x10*X -4.315x10’ 0.825 T
Diseases and Pest B2 %A Mild level 1998—2010 Y=1.996x10*X -3.9811x10" 0.777 tow*
B & A Moderate level 1998—2010 Y=2.846x10°X —5.646x10° 0.441 T
& Serious level 1998—2010 Y=2.501x10°X —4.985x10° 0.300 -
W E Diseases S R HE Total 1992—2010 Y=3.474x10°X —-6.917x10° 0.662 o
B Mild level 1998—2010 Y=3.258%10°X —6.493x10° 0.531 T
B Moderate level 1998—2010 Y=-100.863X + 2.073x10° 0.011 -
¥ %/ Serious level 1998—2010 Y=-238.027X -4.750x10° 0.181 -
HE Pest S Total 1992—2010 Y=1.820x10*X -3.623x10’ 0.828 Tow
K Mild level 1998—2010 Y=1.670x10*X -3.331x107 0.798 Tow®
o %211 Moderate level 1998—2010 Y=1.947x10°X -5.853x10° 0.502 T
T K Serious level 1998—2010 Y=2.262x10°X -4.510x10° 0.284 -

# . P<0.05; * * .P<0.001;—. R, 1. F7; | . FI&

212 SARER ALK AR R E R

WFFE X S AR Je T A3 IA &, g 25 50 4E (1961—2010) HAFRS SR AR5 0.16°C/10a
(Y,=0.0174X-34.454 ,R*=0.3239,P<0.001, Y AFHRIIE , X RFH) 0.27°C/10a (Y, =0.0283X-30.7366,
R*=0.152,P<0.001, Y N4 ZR iR Y H, X RAE0y ) SR AE TF i, 10 A7 259 AH X8 B W 2L - 0.45%/10a (Y =
-0.0429X+ 85.199, R*=0.09646, P=0.028,Y AAHXE YA, X HHFM) MECRE TR, 3 H.,1992—2010
B (3R 2) W R AE SR AE AR S A B YR S R A A B LT A X
PI(E R K W Sh 38 ARG R W S (S5 W 2 2 N, LA an F RE B B0 s A R RROK AR R A
PRS2 AR B AR AR R 25 A R R UL R E SR ER WA RE FAH (R 2)  IRBREEE R R
T S BE A 3 R

R2 SBEERTUREERWKFHRRE Pearson X%

Table 2 Trends of climate elements and Pearson correlation between them and forest diseases and pest
FHZE R B Correlation coefficient(r)
B 9o U

RER

Climate elements R Trend Pest and hE I
disease Pest Disease
H 2 I {E Summer mean temperature sliding average 0.622 T 0.838 0.837 0.647
H A0 334 Sunshine duration sliding average 0.515 T 0.813°* 0.839 °* 0.612*
AE[E /K AR 2R Annual precipitation variability 0.761 T 0.808 0.835 0.609 *
£ Z= A 2R Winter mean temperature variability 0.925 T 0.805 0.805 0.709
EXIR I B E Annual mean temperature sliding average 0.979 T 0.799 0.800 0.700 "
AFAT R HE A5 % Relative humidity variability 0.777 T 0.742 " 0.769 °* 0.547*
IR 2275 % Temperature difference variability 0.866 T 0.718 0.733 0.576 "
HZIEII(E Mean summer average temperature 0.393 T 0.636 0.614 " 0.674 "
R IR R EUE % Hydrothermal coefficient variability 0.741 T 0.601 " 0.629 " 0.421
AEHRME Annual mean temperature average 0.511 T 0.586 " * 0.568 " 0.616
H2EHE Temperature difference average 0.050 - 0.37 0.336 0.491*
H B4 % Sunshine duration variability 0.608 T 0.569 * 0.604 0.362
AR EE PIME mean relative humility 0.396 . —0.621 " -0.632 " -0.506"
A4 % Annual mean temperature variability 0.162 - -0.630 " ~0.646 * —-0.494
IRIE 25 E Hydrothermal coefficient average 0.623 1 ~0.716 °* ~0.714 " —0.654 "
AR W BIIME Annual precipitation sliding average 0.461 1 ~0.763 " ~0.789 " -0.572*
AHXTH R W 334 {H Relative humidity sliding average 0.687 (I -0.877 " ~0.890 " ~0.727 "
HRIE R HOHE 31349 {H Hydrothermal coefficient sliding average 0.926 | ~0.883 " ~0.890 “* ~0.753 "¢

% P<0.05, * * P<0.001,-A~@3E, T F7F, | TR
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FETE Sh A AERRK T shE R R BEIE IR R AXHEEEYE N B A LR, Hid 5
MR HUE | HUE R AR 1Y B R A DG R 43 0l o B R IR M B M (r=0.838)  H BRI E0i S 416 (r =
0.839) AR A(r=0.709) , M = BY Fe K AR DG R 4 0 I R A0 h 9 (E (R F . r=-0.883, 1
Fr=-0.890 %% .r=-0.753) , "] UL, G 10 R A5CHT Bh (8 S AE 7 ) b AT RE XS5 XN AR AR R R AR
FIE A HOCHVE
2.1.3 SN ARG U R DGR B ER B R e

HERST AL L E S E RFE A REMIC(17 4,8 2) M 5REREREMC(16 1,%2)
MIEZ N — A IF Tk, AT 38 4 S EBERST (R 3, Y, Y, Y, Y,) , HAFIEAR STk R4 8 41.43%
13.9% .13.66% .7.85% , BRITTH R N 76.84% (KMO =0.647, X>=16359.97, df=136, P<0.001), FM4rY,E
B4 IRIE R RO shAE AR IR Sh AE AR RR A RIR R EOYE  E RN S A 2 R E
KPR AR R AR AR R [EOK I S I, BRI B I A AR AR 5 Y, A S AR B Y B
A X R S, AR B AR B RRAE Y, B H IR EAE R RIE R B R AR AR R AR
R RRE, Y, FEA TR RS H IR s, R H BASRRE, M5 2 W 5 A F 2
WA (R 3, R0 Y, Y, Y, Y, Ys)  ENTBREAR BTER 3 43 51 R 42.00% ,20.81% ,8.04% ,6.91% .6.37% , R 5T
kR M 84.13% (KMO=0.660, X*=16286.514, df=120,P<0.001), 5 ki, H v, b5 2R IE i s iR iR
JEBA AR AR, Y, EEIR BN AR A | Y, BB A B R AR AR R RRE | Y, B2 EAR B K R RN AR
5 H BASRERRAE 7 Y PR iR 25 408, ORI 25 A8 iR AE

R3I /AEERSSRGEERTHER

Table 3 Four / five principal components and matrix of climate elements

P9 3 %43 Four Principal components S Five Principal components
S fpZE & Climate elements
Y, Y, Ys Y, Y, Y, Y; Y, Ys

TR R B 3
I 157 0 51 /]{E . 0.980  0.101 -0.040 0.025 -0.983 0.105 -0.052 -0.006 0.059
Hydrothermal coefficient sliding average

9L YL S b ik
PRSI - -0.974 -0.005 0.070 -0.064 0.978 -0.010 0.065 -0.014 -0.132
Annual mean temperature sliding average
AR IR
AR -0.969 -0.014 0.064 -0.071 0.975 -0.029 0.050 -0.018 -0.160
Annual mean temperature average
SR Z Bk
e - 0.964  0.160 -0.026 0.053 -0.969 0.183 -0.027  0.026 0.069
Hydrothermal coefficient average

PR shit

EEHRBSIHE . -0.951 -0.034 -0.027 0.004 0.953 -0.002 0.012  -0.005 0.210
Summer mean temperature sliding average
ESSOb -5
SRR -0.922 -0.078 -0.021 -0.010 0.921 -0.050 0.014 -0.031 0.309
mean summer average temperature
S T IR A 2K
o TR - 0.843 -0.150 0.214 0.084 -0.852 -0.055 0.303  0.061 0.070
Winter mean temperature variability

ATYE TR 32
AR . 0.638 -0.077 0.218 -0.195 - - - - -
Annual mean temperature variability

5t L 3L b
QEFEF/J(E{ﬁZj]ﬁ]{E - 0.573  0.092 -0.134 -0.014 -0.565 -0.152 -0.433  0.056 -0.169
Annual precipitation sliding average

I S 2
)FEXTukE{%Zj]y]{E . 0.073  0.874 -0.174 -0.155 -0.073 0.866 -0.259 -0.151 0.008
Relative humidity sliding average
AR B

0.067  0.856 -0.076 -0.008 -0.068 0.901 -0.125 0.023  -0.044

mean relative humility
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P4 3 843 Four Principal components T FE B SY Five Principal components
SUEELZE Climate elements
Y, Y, Y, Y, Y, Y, Y, Y, Y
T8 I $ A %
R 0.012 0310 0786 0.075 - - - - -
Sunshine duration variability
TR G
1 . A - - 0.191 -0.451 0.743  0.245 -0.194 -0.351 0.720  0.373 0.148
Hydrothermal coefficient variability
X »‘il:lK [EF AT 328
i ]L( Eli e -0.118 -0.475 0.661  0.281 0.091 -0.446 0.626  0.382 0.013
Relative humidity variability
NEELSS
e . - -0.054 -0.328 0.642 -0.141 0.036 -0.131 0.837 -0.078 -0.097
Temperature difference variability
R 322
4155%7J($1}§ . . 0.054  0.079 0.356 0.766 -0.055 0.020 0.127  0.907 -0.110
Annual precipitation variability
H AR gl 2 8

0.005 -0.385 -0.127 0.708 -0.013 -0.331 -0.007 0.507 0.342

Sunshine duration sliding average

SEL 3 1
2 19(E - - - - 0.001 -0.022 0.006 -0.002 0.954

Temperature difference average
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Fig.3 Model fitting and trend of hydrothermal coefficient sliding average ( HCSA ) , forest diseases and pest of Jiangxi during 1992 to 2010
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