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Studying forest tree mortality based on a generalized linear mixed-effects model
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Abstract ; This study used count-data model, combined with random effects of the survey plots, to develop forest stand level
tree mortality models and to investigate the factors influencing tree mortality. The aim of the study was to provide a baseline
for forest health monitoring and resource management. The data were consists of forest inventory plots from the continuous
inventory of the eastern Texas forests, USA. The data were randomly divided into a ratio of 4:1 for training and validation.
The generalized linear models were developed using count-data method with a mixed-effect model to analyze the factors

affecting tree mortality, used site factors, stand factors, and climate factors as independent variables, with the number of
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dead trees as dependent variable. Three model evaluation metrics, including Akaike information criterion ( AIC) , Bayesian
information criterion ( BIC), and —2-fold log-likelihood function value (-2logl.), were used to assess the fitting effect
among models. Two more evaluation metrics, mean absolute error (MAE) and root mean squared error (RMSE) , were used
to assess the prediction effect in order to screen out the optimal forest stand level mortality models. The results showed
significantly negative correlation with elevation ( P<0.01) and positive correlation with slope ( P<0.05) between site factors
and the number of dead trees. This indicates that the number of dead trees decreases with increasing elevation and increases
with increasing slope. For the stand factors, the number of dead trees was significantly positively correlated with both stand
age (P<0.001) and tree basal area (P<0.001), while it was significantly negatively correlated with stand squared mean
diameter at breast height ( P<0.001) and stand density ( P<0.05). This suggests that the number of dead trees increases
with the increase in stand age and tree basal area, while decreases with an increase in stand squared mean diameter at
breast height and stand density. As for climate factors, the number of dead trees had significantly negative correlation with
standardized precipitation evapotranspiration index (P<0.05), drought length (P<0.001), mean annual temperature (P<
0.001), and the mean summer precipitation (P<0.05), but showed significantly positive correlation with mean summer
temperature ( P<0.001 ). This implies that the number of dead trees increases as drought intensity and mean summer
temperature rise, whereas the numbers decrease as drought length, mean annual temperature, and mean summer
precipitation increase. Among all base-count models, the zero-inflated negative binomial (ZINB) model had the best fit.
The fitting accuracy of the mixed-effects model was significantly improved by adding the sample random effect. Based on the
comparison of all model simulation results, we concluded that the ZINB-mixed model was the optimal model for the stand-

level mortality model in the east of Texas forests.

Key Words: tree mortality; count-data models; mixed effect models; influencing factors
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Fig.1  Study area of forests and 1798 sample plots in east Texas, USA
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Fig.2 Forest inventory and analysis plot system
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Table 1  Statistics of stand factors

JE 3 Eist HRe/ME RME P bR IR 2
Cycle Index Min. Max. Meanz+Standard error
8 MITAESE/ a 0 103 34.54+0.46
RS/ (N/hm?) 14.87 1397.87 367.52+5.12
RIS R/ (m?/hm?) 0.23 71.84 17.64+0.24
WGT T 2N/ em 8.29 52.81 15.81x0.10
9 MRITAESE/ a 0 161 35.93+0.49
AT FERE/ (N/hm? ) 14.87 1442.48 389.38+5.36
REARSEFL/ (m?/hm?) 0.20 76.39 18.99+0.24
WRGFF-J5 V- 242/ em 8.13 52.64 16.00£0.10
10 MRITAENE/ a 0 100 35.43+0.48
RSN/ (N/hm?) 14.87 1457.35 411.39+5.51
RIS FL/ (m?/hm?) 0.19 80.93 20.1120.25
WRGFFJ5 24/ em 7.97 47.02 16.11£0.10
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Table 2  Statistics of climate factors

JA# EiEta Re/ME RME P E bR R 22
Cycle Index Min. Max. Meanz+Standard error

8 FrifE LR K ZE R 4L -1.88 1.56 -0.07+0.02
TERKE/H 0 12 2.56+0.08

AR IR L/ C 16.46 21.88 19.31+0.02

HRT- B/ C 25.13 29.21 27.17+0.02

AR K i/ mm 511.01 2346.21 1298.90+7.53

KBV K &/ mm 65.19 733.09 315.50£2.71

9 FRUEAL K 25 R £ -2.34 1.37 -0.77£0.02
TRKE/HA 0 12 4.98+0.10

ARSI EE /G 16.44 22.02 19.39+0.02

HB VB E/C 25.22 30.70 29.08+0.02

AR/ mm 515.06 2051.06 1130.07+6.85

BBV %K &/ mm 32.28 706.81 281.98+2.87

10 FRUEAL K 25 T 4 -1.15 2.19 0.58+0.02
TRKE/HA 0 10 0.31£0.02

ARSI EE /G 16.06 22.38 19.04£0.03

HB VB C 25.30 29.46 27.54+0.02

AR By R K B/ mm 767.75 2832.12 1555.08+8.16

B VR K/ mm 20.326 1496.829 346.79+5.40
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Fig.4 Multicollinearity test of independent variable
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height; SPEI. i HE Ak [ 7K 7% #1038 %% Standardized precipitation
evapotranspiration index; DL: T K& Drought length ; MAT ; 434
W Mean annual temperature; MST; & Z=F- 2 £ Mean summer
temperature;MAP:ﬁquﬁ]%mE‘ Mean annual pre(:ipilalion;MSP;E
Z2 - H[% T Mean summer precipitation

®3 LHREHIMEH Poisson #EIFN NB B pE 145

Table 3  Simulation results of Poisson model and NB model without random effects
£ Poisson NB 28 Poisson NB
Parameter fl11H# Estimation flii1{f Estimation || Parameter i11{H Estimation fli 1A Estimation
HHE Intercept -4.3880(0.5638) ***  -4.8370(0.9823) *** || SPEI -0.1155(0.0300) *** -0.1159(0.0545) *
E -0.0007(0.0001) ***  -0.0006(0.0002) ** || DL -0.0596(0.0073) *** -0.0601(0.0130) ***
A -0.0004(0.0002) * MAT -0.0627(0.0199) ** -0.0831(0.0352) ***
SA 0.0110(0.0008) *** 0.0114(0.0014) *** || MST 0.2031(0.0210) *** 0.2381(0.0367) ***
SD 0.0004(0.0001) *** MAP 0.0002(0.0001) **
BA 0.0334(0.0024) *** 0.0534(0.0051) *** || © 0.7393
SSMDBH -0.0451(0.0070) ***  -0.0660(0.0121) ***

S NIEA SBAHERMAR RS « FRIRTE 0.05 /K F L2 B3 (P<0.05) 5 * + FIRTE0.01 KV F2EREFH(P<0.01); * * + FIR
7£ 0.001 7J<%ZJ:2é%ﬁ%(P<O.001) s Poisson ;: JAF ; NB T Negative binomial

TEFERIER R | 25 FEAE L A B LSOV, A5 A5 B B AU 28 SR DL 3R 5 RIER 6, 3R 5 al i1 IR A TR A 000 A 22
AR IR A RN R ) 2 SR 0.05 K IR E . MORSET-RRE S ek R A7 i AR S 1 B ARy
FI7 VR SPEL, A AR B30 B A0 - 2 B 8 28 AR G, 5 B BE ML AR 9 T A AR R A 67 35
B AR AE SR AHIE . H13R 6 R, T IAKIR A AR R £ — IR 5 8O ASE 7Y A 9 45 S8 A
TURIHIA £ I 45 W AT 1 45 2RO AE 0.05 A B W& MORSETAREC S B AR 1 B ARG 7 72
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Wtz SPEL, TR K JE HEVHRE F 2 FHIREN R I RO AF I R85 B R4S YR 3 A G
Horb | 5EAMARHUSON A ZIP B8 ZINB B8 HP FERURT HNB AR (R R0 45 A i 22 5 #8080 () - B0
ATAE R BIR  MRATET-HRELS SPET S80I 3 A5G 5 TS AU 0 SR 30 40 245 1 W, MROKBE T MR B 5 Moy 2 i 2
PRI A OC , BEBHMORFE TR BB 2 o323 B A Ko 2>

R4 FTHEHIRAIRY ZIP #5E 50 Hurdle 2 g4I R

Table 4 Simulation results of ZIP models and Hurdle models without random effects
. VAl ZINB HP HNB
ZHY Parameter . . . R
fh3HH Estimation A& H Estimation A& 3H{H Estimation f&iH{H Estimation

HHE Intercept
E

S

SA

BA

SSMDBH

DL

SPEIL

MST

MSp

-2.0860(0.6131) ***
-0.0004(0.0001) **
-0.0146(0.0039) ***

0.0324(0.0033) ***
-0.0615(0.0100) ***
-0.0513(0.0076) ***

0.1023(0.0246) ***
-0.0005(0.0001) ***

AR Count model
-2.7480(1.0750) *
-0.0006(0.0002) *

0.0051(0.0013) ***

0.0428(0.0058) “**
-0.0833(0.0139) ***
-0.0597(0.0127) ***
-0.1114(0.0550) *

0.1470(0.0433) ***
-0.0004(0.0002) *

-2.5910(0.5606) ***
-0.0003(0.0001) **
-0.0149(0.0041) ***

0.0296(0.0031) ***
-0.0511(0.0094) ***
-0.0521(0.0074) ***

0.1157(0.0225) ***
-0.0005(0.0001) ***

-3.6820(1.4270) **

-0.0185(0.0080) *
0.0454(0.0087) ***

-0.0769(0.0213) ***

-0.0668(0.0172) ***

0.1308(0.0558) *
-0.0007(0.0003) **

HHE Intercept
E

S

SA

SD

BA
SSMDBH
DL

MAT
MST
MSp

0

3.6150(1.8320) *

0.0011(0.0004) **
-0.0355(0.0124) **
-0.0311(0.0029) ***

-0.0531(0.0124) ***

0.3177(0.0619) ***

-0.3185(0.0678) ***
-0.0011(0.0003) **

FALIY Zero model
10.2654(4.8316) *

-0.0730(0.0328) *
-0.0819(0.0107) ***
0.0031(0.0011) **
-0.1161(0.0428) *~

0.6259(0.1501) ***
-0.6697(0.1958) ***
-0.0019(0.0008) *
1.0341

-3.9260( 1.4413) **
-0.0011(0.0003) **
0.0178(0.0085) *
0.0246(0.0022) ***
-0.0010(0.0004) **
0.0715(0.0085) ***
-0.0880(0.0173) ***

-0.0453(0.0186) *

-0.2369(0.0510) ***
0.2977(0.0538) ***
0.0005(0.0003) *

-3.9260(1.4413) **
-0.0011(0.0003) **
0.0178(0.0085) *
0.0246(0.0022) ***
-0.0010(0.0004) **
0.0715(0.0085) ***
-0.0880(0.0173) ***

-0.0453(0.0186) *

-0.2396(0.0510) ***
0.2977(0.0538) ***
0.0005(0.0003) *
0.6091

ZIP . E RGNS Zero-inflated Poisson; ZINB ; 2 i Bk 7t — 5 Zero-inflated negative binomial ; HP . MRS A

Hurdle negative binomial

x5 BEFEVIM A Poisson EFN NB B fy#E 45 R

Hurdle Poisson; HNB ; #4271 — 3

Table 5 Simulation results of Poisson model and NB model with random effects
28 Poisson-mixed NB-mixed 28 Poisson-mixed NB-mixed
Parameter fiii1{8 Estimation ftiit{E Estimation Parameter fiti3H{E Estimation ftiiH{E Estimation
HHE Intercept -4.1460(0.8031) ***  —4.8000( 1.0000) *** || SPEI -0.2675(0.0387) *** -0.1416(0.0542) **
E -0.0011(0.0002) ***  -0.0008(0.0002) ** || DL -0.0875(0.0099) *** -0.0650(0.0131) ***
A -0.0008(0.0003) * MAT -0.2630(0.0297) *** -0.1163(0.0361) **
SA 0.071(0.0012) *** 0.0130(0.0015) *** || MST 0.3155(0.0272) *** 0.2535(0.0367) ***
SD -0.0004(0.0002) * MAP 0.0004(0.0001) ***
BA 0.0668(0.0051) *** 0.0534(0.0054) *** || MSP -0.0004(0.0001) ***
SSMDBH -0.0472(0.0124) ***  -0.0626(0.0128) *** || 0 0.9915

Poisson-mixed ; JAFA TR AL Poisson mixed effect; NB-mixed ; it TR A0 Negative binomial mixed effect
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F6 BRI ZIP AR Hurdle BB FIREIMLE R
Table 6  Simulation results of ZIP models and Hurdle models with random effects
ZH ZIP-mixed ZINB-mixed HP-mixed HNB-mixed
Parameter H531H{E Estimation A53H{E Estimation AE3H{E Estimation Ah31H{E Estimation
TR Count model

#HE Intercept -2.8200(1.1420) * —-2.4765(1.0255) * -3.6240(1.3840) **

E -0.0006(0.0002) ** -0.0007(0.0002) **

S -0.0161(0.0080) *

SA 0.0067(0.0016) ***

BA 0.0475(0.0065) *** 0.0445(0.0060) *** 0.0478(0.0062) *** 0.0469(0.0083) ***

SSMDBH -0.0641(0.0167) *** -0.0854(0.0146) *** -0.0524(0.0168) ** -0.0770(0.0208) ***

SPEI -0.1471(0.0448) ** -0.1330(0.0547) *  -1438(0.0543) ** -0.1386(0.0686) *

DL -0.0483(0.0115) *** -0.0652(0.0134) *** -0.0463(0.0121) *** -0.0686(0.0169) ***

MST 0.1139(0.0369) ** 0.1604(0.0460) *** 0.1351(0.0374) *** 0.1390(0.0531) **

MAP 0.0003(0.0001) *** 0.0003(0.0001) *

MSP -0.0008(0.0001) *** -0.0004(0.0002) * -0.0006(0.0001) *** -0.0006(0.0002) **
EAEHY Zero model

R Intercept 6.4147(2.4665) ** 11.1739(5.1157) * 3.9252(1.4413) ** 3.9250(1.3913) **

E 0.0011(0.0005) * 0.0011(0.0003) ** 0.0011(0.0003) ***

S -0.0422(0.0160) ** -0.0716(0.0363) * -0.0178(0.0085) * -0.0178(0.0085) *

SA -0.0351(0.0039) *** -0.0773(0.0128) *** -0.0246(0.0022) *** -0.0246(0.0022) ***

SD 0.0014(0.0007) * 0.0032(0.0016) * 0.0010(0.0004) ** 0.0010(0.0003) **

BA -0.0683(0.0206) *** -0.1185(0.0577) * -0.0715(0.0085) *** -0.0715(0.0083) ***

SSMDBH 0.0880(0.0173) *** 0.0080(0.0169) ***

DL 0.0453(0.0186) * 0.0453(0.0186) *

MAT 0.4046(0.0798) *** 0.6394(0.1606) *** 0.2369(0.0510) *** 0.2370(0.0505) ***

MST —-0.4888(0.0962) *** -0.7084(0.2207) ** -0.2977(0.0538) *** -0.2977(0.0525) ***

MSP -0.0020(0.0004) *** -0.0022(0.0009) * -0.0005(0.0003) * -0.0005(0.0003) *

0 1.27 1.02

ZIP-mixed ; Z G IKIAFM IR A RN Zero-inflated Poisson mixed effect ; ZINB-mixed ; 2 I ik 1 IR & %% Zero-inflated negative binomial mixed
effect ; HP-mixed : FIF= JAAA TR A 200 Hurdle Poisson mixed effect ; HNB-mixed : #i}42 ft — I iR G440 Hurdle negative binomial mixed effect

K5 45 TR Pearson 582218, FIEL S FIAL, S5 I A BEALRUN A FERASALAE EL , i A BEALANY 1Y
SRR 1 5% 2 8 I3 TR i/, U BRI B HILA800; (AR RS DU B4, Hor | Poisson A5 (14 5% 2 U 5
T B, T LIRS F 48l A R AR X 45 2% . T NB-mixed 457! | ZINB-mixed #5%1 Fil HNB-mixed 1;%9*” 1) % 2
ST RN, RIRATETE-1 2] 4 Z 0], I A =AM AR RE |, LA ORI X 30— s,

EA T, ATR IS A A BEHLRN A FE Al AR AR L, in A BE LS 1 4545 7Y EI’J AIC {f | BIC {5 I
—2logLIEIIA FrFEAG, e B I A BEHLR N, B9 A R ARG B A 8 5, A, Poisson AU () FUL 4 500 e 22, T
NB #i% ZINB #% %) HNB £ %  NB-mixed £ %  ZINB-mixed 1% % Fil HNB-mixed #7581 AIC {i . BIC {f Fl
—2logLfH A A AT 15 ZINB-mixed B (K] AIC {H BIC {EF1-2logl {EME /N T HABFAY {58 ZINB-mixed #5551
HIALA ROR Bt PG, A BIF 5T 25645 ZINB-mixed BEHEIE R AR A3 7K F-FE T B3 (1) S AR AU 7R
3.3 B EGIE

ISR E I A TR AL G AR 1 A B B UG (B, O 5 S0 UEAEAS 1 SEBR(E A T LA, e BT Y
B UFREAS TR S H A5 R 992 4~ 45 SR WL 6, BRI 6 AT LIE i, 76 A A BE LA B 6 4~ FE il 3T R 7l
(Poisson B! NB A5A ZIP #i4 ZINB iR HP AR HNB #55) m | A 808U B MROR BB T Rk 0 T4k 801
VAW 5800 22 1) 5 T AE A BEAILAN A 6 MRS RN AR 1 Poisson-mixed #52%!  ZIP-mixed 4574 Fll HP-mixed
FET AR AR BB TR B 0 AL SR 5 NB-mixed #5578 ZINB-mixed #5275 F1 HNB-mixed B4 B 5 4 22 51, Hor
NB-mixed #Z%Y  ZINB-mixed #7YF HNB-mixed #5781 FARARTET R BB T4 500 5 TCBEALEN 1 6 A4 FEfiti 5
RUBE R AHIE
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Fig.5 Pearson residual plots of stand-level mortality model

xR7T HAKERTEBHUERR
Table 7  Fitting effect of stand-level mortality model

T 4545 Evaluation index P FEAR Evaluation index
R Model B Model
AlC BIC —2logL. AlC BIC —2logL.

Poisson 16687.34 16776.14 16659.34 Poisson-mixed 14413.64 14508.79 14383.64
NB 13295.12 13390.26 13265.12 NB-mixed 13236.43 13337.91 13204.43
Z71P 14621.00 14798.60 14565.00 Z1P-mixed 13484.91 13668.85 13426.91
ZINB 13059.33 13243.27 13001.33 ZINB-mixed 13034.11 13224.40 12974.11
HP 14643.68 14821.28 14587.68 HP-mixed 13465.37 13649.31 13407.37
HNB 13122.76 13306.70 13064.76 HNB-mixed 13110.50 13300.79 13050.50

AIC . 773t {5 LI Akaike information criterion; BIC ; DI -3 {5 B i U] Bayesian information criterion; —2logl.;: -2 A ST R SR pRB(E -2 Log-

likelihood function value
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Fig.6  Observed and predicted values of stand-level mortality model

HE— 3 R Y 48 %R 22 (MAE) 145 MR 2% (RMSE) /N5 bRk 2 Ak A AR R A FN S0 . ¢ 8 nf
HITEA S FERENLAON ) 6 DAL | Poisson AU FI NB 15 1) MAE {E Fl RMSE {EAH T H 0§ K, F0 %%
SABRT 2% ; Z1P ALY ZINB AL AL HP #5270 F1 HNB 8 (%) MAE {8 F1 RMSE {H % A AHIE, {H ZINB £ 2 i
RMSE {H(3.35) Fl MAE ( 1.53) {EAH X W& /)N, Fir LA 000 2050 SR A X5 35 0 — it 5 T AU BOR B0 J2& ZINB #5278
(AIC fH \BIC {EF1-2logL {E¥/NF HA FAFEREAL T ) | W] ULAE A5 FEBEHLAN 1Y FE RIS | ZINB AR 7R (1)
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UG ROERH TSR R A — 200 . 725 TEBEPLAN 1Y 6 NIRA AN B AL | Poisson-mixed B MAE {H il
RMSE {EAHX K , TR 250 SR A X 5 2 ;/E\:‘{j’\% NB-mixed FLAY ; ZIP-mixed FEAY ZINB-mixed F%) HP-mixed 5
AUFN HNB-mixed FEIfY) MAE {E A1 RMSE {E4 MAHIT , {2 HP-mixed #5549 RMSE {H (3.58) A1 MAE(1.52) &
AEXTHE /I | I AT R R AR X B0 — a5 AL G R 347 19 /& ZINB-mixed #5271 ( AIC A\ BIC {H Fl1-2logL {1
INFHA HANR AR AR ) W] UL AR TR BEALRON A TR A 0 AR 7R | T 3 SR i e () B AR 5 LA R
IR T2 5 . 234 LU, BT A A28 v ZINB AR 7 () RMSE (B A1l MAE B35 R fi /0N, 190300 368 S g 4 5 i 404
BRI /2 ZINB-mixed FERY AT UL PN A4S A ff PO B AR 5 4005 ROR e AR B IR — 30,

F8 MAOKFERTEBEHFMBR
Table 8 Predictive effect of stand-level mortality model

fEizm PPA 4545 Evaluation index fi P FE R Evaluation index

Model RMSE MAE Model RMSE MAE
Poisson 3.65 1.58 Poisson-mixed 3.79 1.85
NB 3.65 1.60 NB-mixed 3.71 1.68
ZIP 3.36 1.55 ZIP-mixed 3.60 1.55
ZINB 3.35 1.53 ZINB-mixed 3.62 1.56
HP 3.35 1.56 HP-mixed 3.58 1.52
HNB 3.35 1.56 HNB-mixed 3.63 1.56

RMSE . ¥ /7 #i%2 Root mean squared error; MAE SEI AR 2ZE Mean absolute error

4 g

4.1 SZNERARIET R AT

ARHFFE K IR, M AR BRI PR T T AR 5 37 H R MRS PR - A R 47 G, S R T, PROR
FET-RRE B2 AR ORI B A R, o MR S MORBE T RS R B A U, 5 A FE R T AR
FETH A5 H IR 5 MR BE T AR AR S RO (4 45 R 5 T JB1 058 2 46 FE T S RO FE TR B, 75 1
G MARFE T MRE RS AN B3 SAIE ST 45 SR — 30 X AT REAE PR R TR 2 e 6 DY R 7K 53 Bl 45 1 i
SYERETH MR MR AR A K S ETT s BUAR B R T, 6 IR K S B B T BE 2 A T D (R A
U R R MAE KT 12.7em BYSAERS , AR AT RELE L0k B i A rh 2 D A B AT LU R ok AH e 4
AR A AR S A A7 PR S5 ELA iR A I R S RO BE T RS B S T IR RO X T R R A B
e R R, bR ER (Y B KCH S50/ DT S I - 38 1 3% 43 T S AR R (2 — e R R R ST
ARBET I AR AR FET S HRIE BEA 56 7 3 Se AR 45 SIS, i WA 4 R gk ek AR BB T ) A
SN, M2 B BRI R AR R X AR BE T R S i 35 B2 X S AR IR SR 25 SR AR R, 7T g S
PR A B A i, 22 () ) P4 A 3 5 DR 1) 22 S AN [ BT

MRI3 DR 507 T BROTAERE BRI T AR AR I3V 07 - X A2 AR 53 55 3 2 5 M MROR SE T MR B ) T [ 1
Hor MROMF IS S ARORTE T RER S R 0 35 A L AKO0E 33X FT RE A PR Sy Bt AT AR A 8 38 i, AR 2 N S 4 B8
SEM AT B L IR A T X Wang L= T A 3, T S Caspersen A2 B 5
ErE 7 Nt O (W8N i = o N e S i SR | W 7 N 73 € AT 2 o PR o o e o 3 S NS G i N < R
JE , RIS Z RO TP AE 5—250 48, MASWFFE AR 4E 18 W) 2808 hAE 5—100 4E, BT A5 AR SE
TR B0 251 A 35K T A2 A1 S W A Bk TR B — i e S T R b, AR AR 1) SR/ N ) A
SRR AR IR ARAEXS 32 TR A 28 () B FR 43 B 5 R 72 K S 30 G AR AR R & A SBT3
SR MR AE T BT 45 R ) 5 AR I A RIS s SR I, 1] 2 B0 A A SR TR 3, R SR
T20/D 5 AT e RO LT TR R AR th AR 22 A T PR AE R BB B (A RO By AR BE T, #Ra-F
T - B SRR SE TR I 25 B SN, 3 AT RE A PR M AR ) RN S A S A R SR 58 AR BRI, A
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RTE G IRAIRE J R > AL TR S A, S BOE & A P8 T 3 5 1R B E D RN U 45T I 9T 4 R 2
o, AT 2 B AR FE T 32232 FLAR AU IR, FLAGH/IN ST, (HJ Li 257 AT 95 25 SR S AR 98 45 SR A T
2e 50 AT AR AR TE TR A S AR T34 B S TEAR G, 7 A 22 S ) J DR Rl e AL R 0 9 £ B2 AN [ i 38,
SN IR AT B S R 3 R G  ARBE T, AT 53 2 R AR ) B A2 S/ I I XA AR BE T A5, A3
WP SRR SE TR AR B 0 S, X 5 Ma 250 AR 5 45 SR 28 0L, A0 B K, A AR P T R AT ; i
b — g B L0 B B g 48 SR IS — 0, AATTIA AR 28 B S AR FE T S I AR G 5 1T B A J5 PR B SR bR 4
BRI G K3 FIFR 43 55 ] Be 2 A AR B s 4 i AS R R A 5 S8 T (H R AR 58 B X G202 72 K
FAET 12.7cm MR, AR N R A AE KM AR X RS E , AN 55 R AEMARBET

S TTIE , SPEL, T4 B AR P34 | 3 2 1 Y0 B AR 5 27 1) o T i J2 R MR JE T R B0 =22 A
T, Ho SPEI TR KB AE-H I F 5 2 V- 24 R R e S5 MR SE T AR B BRI 35 A sk iy, 3 5B ) Y
WFFELE AL, B2 T i R RGN BRORFE T80 5 mT REJE: TR RN /K B B9 3G 0, B8 17 A AR AR K Y
P8, FRAR T AR N 3a 4 A3 R TR OAEIG . (EJ I 4600 IR ot 25 SR S AR o8 245 SR A Br 22 5%, 31 & B
SPEI Al T2 K B 5 REARAATEAAAE TR G ZR AR R/ I W L IE AR DG G 3R | AT RE 2 R R A 5% 5 1k B AN [R] T 5
TSR A 2338 0 DA B R AR AL & DA B o 1 T 50 B 0 2R 7 1408 B S MORBE Tk A 2 L f
R IERN X5 Kim %5 ARG 45 AR, b AT] & B SE TR B 5 e H - 24930 5L 0 A0 56, T e S IR
FEE B 2R TR K28 R, — R 2 K A AT | S BOR AR BRI T 25— T Bl < fL &
], SR A SR A SE MR AR R AR SR IUR IS 5 (B R A5 B o8 45 SR 5 AR 9 245 SR T
AN—F0, AT B X BR 23 BE T A 52 e I AN 38 AT g 2 DR SR A 5 DX 3l ) A0 PR 7 T) 1) 22 S 1 AN T
BT,
4.2 FIRIAYRCR

TR SO RS R BT P8 b B 28 B4 3 FH - 24 4 X6 2% (MAE) 45 MR % 2% (RMSE ) |, & — Fl R 4G
IOABTR (1 B UL RE R A, e AR T A PR B T R A5 S PR AR SE T AR R TR 1) 22 S AT R Y
Horpr, T R AR SRR R R TR B O AR A R AMBI AR 67 IO 1 IO R B A 2 AT RE R PR R AROR
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