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based on 1800 forest plots, with about 209,663 trees from four periodic surveys. This study utilized Principal component
Analysis (PCA) and Generalized Linear Models ( GLM) to characterize the spatio—temporal difference of tree mortality and
drought severity and length effects. The causes of the differential tree mortality at cycle and annual level before and after the
2011 drought were analyzed using tree density, basal area, stand age, and survey interval as the competition indexes among
trees. The relative contribution of tree death to mortality was analyzed according to four classification criteria, geographic
region, tree species group, tree sizes (height and diameter at breast height—DBH) and forest stand origin. The results
showed that the Pinus trees suffered the least, with a mortality rate of 7.92%. The mortality rates of trees with low height
and small DBH were 29.79% and 26.00%, respectively. Natural forest trees witnessed a higher mortality rate (13.47%)
than plantation forests ( 10.26% ). The mortality rate of trees in the Western Gulf Coastal Plains ecological region and
southwest region reached the highest after drought with a mortality rate of 22.27% and 13.78%. The effects of elevation and
latitude on tree mortality were not apparent. The causes of overall tree mortality patterns in eastern Texas are complex, and
differential mortality rates were observed across geographical regions, stand origin, tree sizes and different tree species.
Among the four regions, the natural forest had a higher death contribution rate. Small trees contributed the most to the death
in both natural and plantation forests. The effect of drought on the natural forest was more significant than that on plantation
forests. The death contribution rates in natural forests and plantation forests are different. In the natural forests, the death
contribution rates of Pinus and Liquidambar species were lower than those in the plantations. Regression analysis of forest
density and tree mortality did not show a significant statistical relationship between them, suggesting tree mortality was
triggered by density—independent factors. The results of PCA showed that the effect of drought on tree mortality was greater
than that of tree competition and other natural disturbances, and the effect of drought severity and drought length on tree

death was similar.

Key Words: drought severity; drought length; east Texas forests; tree mortality; forest density
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Table 1 Classification of the total number of trees in the last four cycles by tree status

557 W 55 8 JE ERCNE 5 10 JH3
Cycle 7 Cycle 8 Cycle 9 Cycle 10
TEH/ (#R) Living tree 47576 48266 47963 48117
BEM/ (FBR) Dead tree 1571 3251 6059 6860
TR/ (Fk) Remove tree 0 4825 5815 6221

FRE L R AR B AR ZE A s B ARSI 20 B AR A S DR B D NS R ARHEAT02
E5tve I N 1 7 e =2 7 O N 7 N TR VTN 1 o1 /s W O D = M 07 N o T < 9 i el 1 9 7 N7
M =N,/N, (1)
o MR JRBHOKSE BB ARIET 3 N i A JE A ZER (1) 500, N o EAS SR TE AR 8t b i3 T
JEIKE LA R ARSE T3 5k AR (1), 20 MR IR E AR SET 3R, N, i 5 AR50 50,
Ny A b — R JE A I A A B
22 TR
PR K ZE B B (SPED) 128 B i F G T FoR e 8, 705075 18 T /K o0 - i+ R i s ma , WEAT
Xof T P RURR I R A, LA 2 R 228 [ LR I L A5, AR % Vicente-serrano 552435 W ARHE SPEI {E 4] 4 B A
T REH (F2) 1,
eI ZRTR 42 TR0 40 4F (1980—2019 4F) B A BE A, [T BE (/K &R H IR B 28
K (2) FI(3) 35 SPELE ™ . P40 #E S % Vicente-Serrano 2510
D, = P, - PET, (2)
Ko DR i AN A W B T i, PO | A BIREK PET NS @ N BT AR 28R,

k-1
DE=Y (P, -PET, ) ,n=k (3)
i=0

http ; //www.ecologica.cn



&t
s

1038 2 SO Eire 24

APk IR R (H) 0 i REL

%2 SPEI FRE%%4
Table 2 SPEI classification of drought

B 5 AT R - e LEIEITATH] H AT A i k1
BETR 1IEH .
Extremely Moderately . Slightly Moderate Extreme
Mild dry Normal K . .
drought dry moist humidity humidity
SPEIL <-2.0 -2.0—-1.0 -1.0—-0.5 -0.5—0.5 0.5—1.0 1.0—2.0 =2.0

SPEI . rifE ALK 2 BE 45 %8 Standardized precipitation evapotranspiration index

PR XT 42 ALk SPEL B TG, FRH 1797 ke L9 4E H SPEL ., SEit—4FH SPEI<-1 1)
A8, RN T 2K,
2.3 TRERARFEIIZKE A FBEH 9722 5
VEREER 8 JAMIE N T SR PR 55 9 JRIVE A T 25 BPIRA  THRERRIZE R S B0 ARIET- AR (bR 5k
WA (4)
V=((N, = Ny)/Ny) x 100% (4)
K vV ER T EIE RS EARRIZER AR LR | N, 27850 U 0 550 R AR B | v F7m 55 /R 313
HE R AR
2.4 TEEBANZESHEIR LR
M FIA B e rh iE— B 3R BUE JE MR (F 8, B 8 — K FE LSBT R, T R8T 2R
(SPEL) \ TR (SPEI< -1 (3 0%kt ) 5 (RIS B e M A% B A S AR MRCHb AT % A b o8] A ] g
[0 Ay B b AR A 22 [ A e 4 R 717 P AT 4 R b 80 A [ B ) ) 7 FIA B8 R 304 PR 3 B A A
FETH R BRI A K (5) F(e) .
D =N/A (5)
BA = B/A (6)
D R T AR A B N SRy A b TR T AR R (8RB, A SRR BRI R (hm? ) 5 BA S RERSEET R, B
Sy BAAE TR BT PR A A e 1 Ak AR T T A (m)
2.5 BERZET B4R B AR AL RIS A 1] 35 448 A 1) 1] U1
KA SRR G BN AR AL (GNLM) 2A3(7) , (8) FI(9) FLl A AR M A AR SE T3 p, 11 il — 2B il
FHT™ SCERMHEARAL (GLM) | SCER MR Jy vkt A TR AR BE T - 3R (4 BE AR Ak S5 A0 K [R] S S 48 AR 19 [ U5, 7R A ]
SEGFEAR R RE R AR BT R 47 B AR Ak = B AR A SE T 38 /4 Hl - 25 18 25 ] B B [, R AR5 B = W K ik i/
R AR AR AL 1 R = BT WA (14 35 T AR ( DBH) 22 R/t T B, A6 4 0% R0 - 5 81 A ) Bk i) MBS0 1 o
IRHL,

exp (B, +Bltj +7,)/(1 + exp(B, +131tj +v,)) (7)
nypy +a !
mijl 'yl'_nijpij(i,l) (8)
a
pg':l_(1+exp(30+ﬁ1tj+7i>)1j Yi NN(O,(T«Z/) (9)

n FN | AREHE 5B j R A T — IR A B S R ECE | m, AR AR A A SE R B 5 2RO IRTA A A B
8] (4F) ¢ AR P [l BR R (4F) | BEALEIE 2880 (g,) B ES A6
2.6 Sitsrr

Excel 2016 FEATHARBET R A 1 25 J3 AR A 1 ARG 313505 1 R 4.0.3 B/ 9 SPEL #Ff 1155
SPEL {H ; One-way ANOVA J5 X B AR BUSET B AT LK 38 07 25 43 A1, LSD Jy vk % Hoii A7 Z2 8 LU A T 1] Stata
15 BHAERI R ARFE T2 P AT JE XS AR AL 5 B T 5 hm (T 558 T AR ) FIRE AR [ (9 55 S 8 A (FF

http ; //www.ecologica.cn



3

P AR AR AR 151 1039

M R ACHE [T AR PR b A 07 198 A5 6] B B ) ) £ 4T PCA 387, IF #E4T GLM [m1JH 5 i ] Origin 2018 #1
((HK

3 £R

3.1 AW ATETF AR A R KT 1R 2 50 A

PR T X ARTE T I A — 5 BT R R, T R AR 0 ab T4 9 FBIRY 2011 48, A\ et R4

8 JAIMA M FET - SRR A, HUOR A 9 JE U T w2 e SR 10 I (181 3) o B A ARFESS TR I FET- R 1

B/, 5Y 510 4.60% (7.92% (8.24% , F WA A AN HEABMEACH I 7 Bt /N | BEA A AT 45 01
FETZ R R T AR BB A, A2/ IN B ARFE T3, 5390 17.10% ,26.00% ,29.15% , 2% B T 5% g4 /)N |
[ NSRS AU ave L R TN BV O K SN 2 N DA A1 N R B A ST N <R O NI 8 S NS Y T e
5510 FIIKE) T Bk 9.84% ; i JE I 85 (1) /(AT 36 2 T 18 JE e NS A =2 05, D8 9 J 301 ik 1 4k
(9.44%) . RIRMRIET-Z05 T N AR, N TARFE T 2105 9 A B (10.26%) , RIAMRIET- N
13.47% , RIRMIEHS 10 FIIFE T3R8 el 16.15% , BEH N TARBTFARE J1 5 T KRR,

AT 3 il B 2 () X IS AR 43 28 2R o R < VU I R IR AE 25 SO Hh A SE TR A5 8 SR AL TR A 5
FeR(22.27%) i B BERLESS 10 JARIBET A5 B (25.17% ) 5 P8 AR H8 A0 70 7 40 DX A T A8 7
A B d i SR T ARA B b i R AEAES 10 A (17.59% ) o 72 LA BE R R ) 43 bR i 0 AR SE T
FI R ATERS 10 JH) H22 S AW 5502 A P A AR 2 B2 B TR RO I ORI 2

O MRS 2 34 oo YHEE = B0
= EAY BB RK & AKX - K

25 35 -
30
25

20

N
NI
N

A

1 = »

E 8910 8910 8910 8910 8910 8910 8910 0 8 910 8 910 8 910

Z WE MEE i 4 WmE O HE S 254<DBH<127 12.7<DBH<254  254<DBH

g MARFI4L Tree species groups M2 Diameter at breast height/cm
ES 40 18 =

K&

35

30 -

Mortality rate of trees with different causes of death/%

25

20

NIl

15

10

8910 8910 8910 8910 8910
H< 5 5<H<I1515<H<2525<H Bit

% B Height/m HMHbA2JE Stand origin

http ; //www.ecologica.cn



1040 JAE = 24

89 10 8910 89 10
<100 >100 it

#§4k Elevation/m

A FIFEE R ARFETH

Mortality rate of trees with different causes of death/%

25

20

T
e ]

NN

15

10

S N B~ O

8910 8910 8910 8910 8910 8910 8910 8910 8910 8910
BRI PREPR SR REETE O E FHEMAN AEMAEE RENRLE RENGLE S
H:Z X Ecology region HiPH XI5 Regions

E3 AEEAZERAHSMHIERRAIETE
Fig.3 Mortality of trees of different causes of death in different cycle
HiAebr 8,9, 10 4359375 AR 35

RASEE T AT E AR IR AT S 22 F i E 2R N (K 4) . Bl 4 SR SR ARIET 1 R
FEA 2 KRR YGRS B 75 8 JEHA v PR ORI B | 5 A R AR i AR - b T B B
FET- B AR ST A 311,1210, 1150 B 7655 9 JEI i BRI | 5 4 FIAR LTS BRAE T AU AR 23 51 A 1523
1774, 1513 #7655 10 JEI oh R RS | 38 S ARV BRE ShBE T IR AR 20 57 14191796, 1551 #k, 25 9
S AR PR 3 A SER 2 R 55 8 JEIIA Y 5 A%, HAER B A5 10 JRI Uik 2055 8 R 4.5 %,

FANMERE 4 v R R SR R BE TR AR (1 28 A R (389. 719% ) i K T i w4 i A BE T K 19 A8 Ak R
(46.61%) , LA, H K G TG 5 L 19 U 1) A2 Ak R A 48 5 (400% F1 108.04% ) . T sh s & 97 1 1 1 4t
R AR AR R TR (-5.88% ) ,3X AT g2 PR W AE T 5241, sh Wy vsi /b B, T s A5 K 1R 2l 4y Wi 2 1T B8 1 4
D,

3.2 BRMBRIRIET AR EE AT F iy AR et

AEFEBET R AT 45 R R R R T R YA E I SR EM RS T . Bl 5t B R AR B FE T 5O B T 3R A
2011 AEFRIR R T Fe R MH, 2012 4RI 2, 2008 4F 2005 4FF1 2013 AR FRIRZ 31X POAFEEAE i D] v L8] B K A o
KA SRR ARFE TR 5K 5.74% 4.08% .2.99% 2.73% .2.34% , 2012—2013 AEF AL T ZR 4L i
T, o0 2011 AR TSRS RN 8, 2008 4EF 2005 4F B ASET F w5, WS f T 2005 4E 1 2008 48
2 WU A5 5 R A

http ; //www.ecologica.cn



34 EIH] AR R R AR SE T B R

P AR AR AR 151 1041

M MMEE 2 %% oD FPHEE = B9
B EAY BB KRR & kK - K e 400 | I .
7000 - 3
3 5 300 |
% 6000 - g%
" 5000 - g:; 200 1
RT3 L e
hi ;q-: 4000 2 E
E = 3000} g 100~ H
] 5
2 2000 0 _ |_| []
1000 - X E X & r & =B H
# K X £ K O#® K
0 ] H £
7 9 R SIS
WEARTE A E )] Forest inventory cycle MIARFEH Cause of trees death

E4 ZRHAREEERMAETHER FEEHWAEBHKELREERMHIEHE
Fig.4 Total dead trees in last four FIA cycles grouped by damage agents and the change rate of different death causes at the tree cycle level

after drought

3000

® 6 -T-

=

§ 2500 o

% 2 ab

< 2000 &)

3 £ 4 By

g g

° bc

E 1500 3 5L .

Z = b c

# c °

= 1o R | e

1 §

§ 500 & S 1h

7 e

N 0
0 < v O [ 0 (=) (=) — o™ o < v O o~ 0 (=) f=} — o™ o
(=] (=3 (=3 (=3 (=3 (=1 — — — — (=] (=1 f=3 f=3 (=] (=] — — — —
(=3 (=} S (=3 (=} [=} (=3 [=3 [=} [=} (=} [=} (=3 S [=} [=} (=3 [=3 [=} [=}
N (S} (S} (S} (S} (S} (S} (S} (S} N N N (S} (S} o o N N o (S}
44y Year

BE5 2004—2013 FEHMEMIETIRERFARETE
Fig.5 Number of dead trees and mortality causes of dead trees in 2004—2013
KRG FRERIR 225 B3 (P<0.05)

ANTRIZE PRBR A 4 4 B 5 et e 112 B PR E 5 1 ) 40 W 1 ) A A B T B30 i 1K 5 K 300 1 i ) A AR
FET R = TR, B S R O s AR AR BE T 50 i i, B AR e 4 i AR AR B T B A e i, (ELTE
2011 AFE TR, KA 1 R ARSE T80 e K, 292 5e il I PRS2 40 o #E 2011 4F 524 it il 627
RBEARBET , RS HIBET 1081 #RAR . [R)AF, DR I R Jos SE T (A AR A K S 2 34, 43 )3k 3] 347 BRI
159 ¥k, IF HAEBLIG 9 1—2 AE [ BEA EC AR AR & T T R AT i K-

2.3 BIRFET: 25 5 5 R RNZE & BTk R o b

& 3 50 7 N AR S DU A B DX T2 Y BB T DTk R O R SR MR, 0 LR AR b R SR M T R %Rk
89.22% ; DY/ IX 38 = FEFE T BTk R M /M HA BRI B R BTk RN 70.64% , 457 JE 5 89 AR B A BTk
R 61.54% BRI AN BRI FIIE T Z0AN R K 5, 332 R R M AR s Jas A o A 22 e R il e Y8 40 4
TCIR AR RIS N TR, HIE T DT RRR e K IHRSE /MR, 43 A S T 43.69% Fl 70.64% ; KARMATA T A rh

http ; //www.ecologica.cn



1042 JAE = 24

FET BTHR AN OLAS AN ), 75 R SRR s Js RIS T A b 96 T STk 50 T A TR, LA R N b s TR
SRR, AT UL B SR AAE T RO R o RO A B Ao 56 TR AR X 0 s JCIe A, /M 6 T SR A g, STk R
1o BRI 9 AR A BRI L0 s .

R3 FEMAREMXFRKEIFER RAKNORATHE TR TR FTERE

Table 3 Forest origin type, tree size, tree species group mortality and contribution to mortality in different areas of east Texas

Hh X 55, Geographical area Mt Stand origin AR Tree size
AL IR R FELH PaEg PR/ N THk PN L) L)
11.18% 13.01% 12.66% 13.78% 13.47% 10.26% 9.63% 7.78% 26.00%
(25.24%)  (40.20%)  (17.13%)  (17.43%)  (76.73%)  (23.21%)  (15.71%)  (34.33%)  (49.96%)
AR UM 11.08% 14.55% 13.11% 15.67%
Stand origin (71.35%)  (70.69%)  (86.10%)  (89.22%)
AT 11.44% 10.37% 10.34% 6.69%
(28.65%)  (29.31%)  (10.42%)  (10.78%)
AR - 4.68% 11.33% 10.15% 13.00% 10.46% 5.36%
Tree size (8.83%)  (1642%)  (16.60%)  (23.16%)  (18.63%)  (6.10%)
it 6.09% 7.84% 8.39% 9.85% 10.00% 3.56%
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it 27.13% 25.52% 24.22% 27.42% 23.29% 29.17%
(61.54%)  (50.04%)  (47.01%)  (35.92%)  (43.69%)  (70.64%)
\
AR 6.24% 8.42% 1.73% 9.45% 10.69% 5.42% 6.51% 4.64% 29.39%
FARl o
Tree species group (27 17%) (23.35%) (32.14%) (16.70) (31.47%) (22.69%)  (41.91%) (32.88%) (30.29%)  (23.22%)
. ‘0
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(18'830;) (16.61%)  (18.92%)  (21.43%)  (19.28%)  (20.48%)  (13.40%)  (28.89%)  (16.63%)  (17.18%)
FA;
9;?; 6.46% 13.16% 9.70% 11.00% 9.18% 21.11% 7.17% 8.47% 21.9%
(4‘87;) (3.20%) (3.37%) (8.49%) (7.18%) (5.53%) (2.70%) (7.35%) (6.49%)  (2.97%)
. 0
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11@9407
(4‘92%”) (5.82%) (1.93%) (8.88%) (6.62%) (5.46%) (3.12%) (3.57%) (3.51%)  (6.31%)
Hi
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(29'76672) (29.50%)  (32.31%)  (30.31%)  (23.72%)  (31.71%)  (23.33%)  (21.53%)  (30.38%)  (31.91%)
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Fig.6 Annual regression of forest sample plots and mortality in cycle 9 of eastern Texas
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Table 4 Loading and contribution rate of three principal components in drought and competition between trees

FEE LS5 bR F 14 Principal Component

Drought and competition items 1 2 3
FELHR ¥ Drought severity -0.906 -0.008 0.084
FEK B Drought length 0.907 0.018 -0.075
WA BE Density -0.118 0.657 -0.648
WAFIETTF Basal area -0.037 0.897 0.13
MAHAERS Stand age/a 0.078 0.348 0.874
VA2 (B B s} ] Remeasurement period/a 0.192 0.313 0.023
FHIF{E Eigenvalues 1.701 1.456 1.214
TIHRkZ Contribution rate/% 28.356 24.266 20.241
BT 5iEk R Cumulative rate/% 28.356 52.622 72.863

AN A e B4 S AT , U AR A 0 IR A B T A R 58 = R i — AR . BT = A o 23107 22 51

kRN 72.863% , L T T 5,

IS4
o

T A SR AR BE T 2R 1) 72.863% 11915 )
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