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Biomass comparison and estimation models for six dominant species of woody

shrubs in the forest zones of the Tianshan Mountains

WANG Wendong ™ , BAI Zhigiang, ALIMU Maimaiti, LIU Duan,GUO Zhongjun
Xinjiang Academy of Forestry, Urumqi 830000, China

Abstract; The woody shrub layer in the Tianshan Mountains comprises a large proportion of the plant biomass of the entire
forest ecosystem, significantly affecting estimates of the total forest biomass. Therefore, using an average wood-harvesting
method, this study measured both the aboveground and belowground biomasses of six species of dominant woody shrubs
(Rosa spinosissima L., Berberis heteropoda Schrenk., Lonicera hispida Pall., Spiraea tianschanica Pojark, Juniperus
pseudosabina Fisch. et Mey., and Cotoneaster melanocarpus Lodd.) in eastern, central, and western areas of the Tianshan
Mountains. A series of individual biomass models inferred from the variable D> H were established. The results are as
follows: (1) The total biomass of the forest in the western areas of the Tianshan Mountains was larger than that in the
central and eastern areas. The average biomass of an individual plant of the six woody shrubs was in the order of Lonicera
hispida > Cotoneaster melanocarpus > Berberis heteropoda > Juniperus pseudosabina > Spiraea tianschanica > Rosa
spinosissima. (2) In the western areas of Tianshan Mountains, the ratio of aboveground biomass to belowground biomass was
greater than 1 for all six species; in the central area, it was less than 1 for all species except R. spinosissima and L. hispida ;
and in the eastern area, it was less than 1 for all species except B. heteropoda. (3) In all species, roots and branches were

the major contributors to the biomass. The plant organ biomass was in the order of root < branch < leaf. The biomass of
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different root sizes was in the order of thick root > large root > medium root > small root > fine root. The variation in biomass
distribution among different nutritive organs and diameter-class roots reflects the strategies that species employed to adapt to
selected habitats. (4) Twenty-four biomass estimation models, with D°H as an independent variable, were established to
evaluate organ biomass and individual biomass in the six species. The established models included 10 linear models, eight
power function models, four polynomial models, and two logarithmic models. Except for B. heteropoda and J. pseudosabina,
which reached only the significant level, the biomass models for all species reached the extremely significant level. The
results indicate that the models can provide highly accurate estimates that could be used to evaluate the biomass of woody
shrubs. This study provides supporting data for quantitative assessment of carbon fixation capacity of the Tianshan Mountains

forest ecosystem. In addition, it provides strong evidence for further evaluation of the service capacity of forest ecosystems.

Key Words; woody shrubs; biomass model; biomass allocation; Tianshan mountains

AP R L A 244 A BRI Y ER DR R Bl YR B T Y R T A o BT, XTI R AR AL
XA SR GE I FE I DA 2 ARG VR A S B SCRAVE T . I AER 4% [ 278 Rl SR bR it it I 2 B
DA B WA TV 25 o SRR S RGOSR UL, A W iR AR S R G A 7 i AR R, 1T EL
REAS ST AR 25 R GE AR ™ A 7 I R B RE 0 > R JZ A AR W i 5 BV R AR AE S R G 10%—
30% " W ARMAS RS R EAEREEE MW XHEARE Y R RRE TR AR S R G
Yy ST SR BORS A S A A

] A S A e B 9 SR B A TP E TR AR I A 7 Y G AR A A SR gk
fitrit ! R AR R S AT T RIS AR BB 2 AR AT IR A B U, S T AR
PEOBAE I RO R, R IR AR A 1 B [Tk BE 7 (I SE FE BEAE XTI AR AR W) BT 6B AR 2R e S
B A AT ST A0 A 1) 2 %o [ — P ARTEAN [R) A A5 B AT A= 1 o0 A R AR A ELOC &R FIAE
KA FT

K ALARIX e it i AR S IR EE iR e S R G fese R A Sy e & i L, 2%
1% ( Rosa spinosissima L.) ES/INEE (Berberis heteropoda Schrenk.) NI 2.4 (Lonicera hispida Pall.) K 1LIZ54k
% ( Spiraea.tianschanica Pojark.) 88 J5 B # ( Juniperus pseudosabina Fisch. et Mey.) FIEEIRH] - ( Cotoneaster
melanocarpus Lodd. ) J& K IR X AL EFPEAR | B2 R ILFRARA S R G T EH R 5, B, A SCLL 7 1
RILZR (PR 6 FhOLFFE A BT FEXS G2, R TP B3R A 2 0 1 AN ) 3t 5 6 o e A 1) 24 i )
BCHRAIE, I LA D*H Sy A28 Sl AN RIREAR B SR B SRR A= W s A8 ] oy s PP AL R I R AE S R S0
4 [Ttk Dy R AR e S, W] IR AT FERRARA: 25 R GE IR 55 D RE VA S (LA A

1 #MR57FE

1.1 AR5 HESL

KL PR H SR 5 N AR AE 1760 km, H AR PG 43 0 2R (v P =B, AEAE W 0 /K ERBR B2, R0 Ml A A2
TER LLAR S A 25 bRy | s A i K L BRAMRAE 28 3R G0 2 S WFAE sl (AR B iR ) FPE R IR R (1L 1)

MBI F R 1L L KR AR 3 ( £91°0633"—96°23'00"; NA3°11'41"—43°25'46") , IS b HEPEAE MG 2 Ak
B O T FEMRIX ( £93°47 ;N48°18") | Ik 2200 m, 4EHRIE-0.2 °C, =10 CEUE N 1437 C 4K
512.4 mm, 78K 1672 mm , J& HAY A IRAHE B E T 5200 5 7 M S5 (AR 45 22 ) S AR K B i 2 7™
X, FEZYFNL AR L= AZ S HERTR S

R L AR AR AR S R G 8 ST ST AT R L BE (E87°27728.5"—87°28" 47.7", N43° 24" 48.3"—
43°26'17.9") ; ik 1900—2700 m , AE-FH R 2.0 °C, =10 CRUE N 1170.5 °C ;4R MK i 572.7 mm; J& 1A K
Rl tE S, 3238 Lz 3l 58 PO 2= vk B omRe 0 AR S0 A R IR IZR SR JE L T AR IG5 2648 | R R M)
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Fig. 1 The quadrat survey in the study area
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8 A, i &AM KEY 65%, JoFi 60—98 d, I LLH R A KB ARk o0 &, HIEA LR E &, SRR ES
RV o, SR ILAR AN o, SRR , 3R g R, BRI RO R L= A2,

1.2 FEHbiRE

S S A LAt b PR LA AR R M MR o A M B, B 2 A (A) RIR/NEE(B) RI B A
(C) KINFELAE (D) BTy B (E) MSRSRM 5 (F) 55 6 R 00 HE A A EHE R 0 3 AP 2 e L, A6 3
KRS mxS m, AT 54 B (1) 0RO B B R DR R ER B4 B B AR R E
TEESE(E ) o AP [ —HEAE Y B R R AN ) X = A g 2T 1 22 52, AR IR AE 2013 4F 7 H S
2 8 H ikt T RE R R4 IFT 2014 4E 7 A2 8 A ik T T ANE RS,

1.3 AWsnyilE

TR ARy o R R R I R B P (W), e B3 R A (W) BRI (W) Al
F(Wo) BT E RS MR EAE RN TERE(W,) .

b b A= DAFEAR RS 4 A U 14 0 SRR A s DU D 100 - QOB S 4y b e R =2 He 5 o
BRI (D) FIBH IR N A 2 P AR TR . QIR BUbRMERL - # F S SR PR B i
FER /N 3 RRIA] — 28T RE R K 3 RV A 68 L A8 43 S AR I SRS 35948, BIAR R — D7 i AR E R A= )
i, ObRAERAR T, 30000 R R AR R — 2 IO T R (.50 382 100 g) . ORIERE)ZARifER o
S 5 5 A SR i B R SRS S R R v RS RN A5 BRI AR AR

R R AW I E 71 DIREAR Z AR Ayl B sl $5 5% 1 AR Y 1 43845 B 0—30 em ,30—50 cm ,50—80
em JPJEIZ I AR R HOHE /- (<0.2 em SHAIAR :0.2—0.5 em /MR ;0.5—1 em AR ;1—2 em AR
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A REPE RSB FE S NAEA AR W) FZ T A AR (D, em) 5 (H,m) JEIR(CA,m?) , DITERIRTFE R
W], A2 V7 Sk R AR E A AR Wi R DL G HA A AR > 202 AR SCIR R DA [ R i, 2
AT, 22350, X K ek RS, T R SR T 4 AR RIS 7 il %) 6 MHRE AT 245 A% B S AR ARy iR
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Table 1 The result of sampleplot survey

] Fil HiIX. HETTE A MK /m 142 D/em PR H/m SR T AL CA/m?
Species  Region  Number of plots/n Elevation/m Diameter Height The area of crown
A \4 3 1904—1927 0.87—1.16 1.9—2.2 1.95—8.96

M 3 1815—1859 0.85—1.05 1.2—2.0 1.96—2.86
E 3 1913—1920 0.78—0.86 1.2—13 1.21—1.56
B N4 3 1914—1925 1.57—1.81 2.8—3.3 5.68—9.46
M 3 1811—1815 1.32—2.27 1.8—35 6.8—8.4
E 3 1935-1950 1.95—1.23 2.5—32 4.14—175
C \4 3 1950—1959 3.08—3.34 2227 5.9—93
M 3 1801—1811 2.15—2.66 24—24 2.08—7.28
E 3 1905—1920 2.10—2.34 2224 1.68—6.5
D N4 3 1951—1960 1.20—1.32 1.5—1.8 1.54—4.25
M 3 1810—1819 0.66—0.93 1.2—1.7 1.43—2.24
E 3 1918—1926 0.56—0.73 1.1—1.5 1.32—1.82
E W 3 2174—2247 1.21—1.73 0.3—0.7 7.28—11.2
M 3 1821—1826 1.24—1.50 0.5—0.8 7.29—16.07
E 3 2630—2680 1.14—1.19 0.6—1.2 8.25—9.45
F W 3 1946—1946 1.75—2.03 2.6—3.3 5.25—10.00
M 3 1808—1830 2.12—2.45 2.2—4.1 5.28—8.45
E 3 1914—1921 1.95—2.13 2.5—3.4 3.6—8.39

A : Z 3% 7% ( Rosa spinosissima L.) B BA /N BE ( Berberis heteropoda Schrenk.) C; W & 2.4 ( Lonicera hispida Pall.) D K 11145 £k % ( Spiraea.
tianschanica Pojark. ) E . H1 88 7K ( Juniperus pseudosabina Fisch. et Mey.) F ; BB F ( Cotoneaster melanocarpus Lodd.) ; W ; K ILIFGHE West ;M. K 1L
W Middle; E: RINARHR East.

H Excel2003 1EE, FHSGE T84 SPSS 17.0 X SL g8t 17481104, B B K0 0.05, FHR R Tr
ZHT (ANOVA) KIS A A E i B MAFR AR Z A Y &2 5, R/ S FHE 5 (1LSD) T £ &
H:ﬁo

2 ERES

2.1 RIL 6 FEARANEA: Yyt FEE

22 WRRINARER ERFNVEHAY 6 FhOLIAFEA B A it S AL, 6 PP S5 FPE A3 4= 1 K/
HEF M KB 248> B LA 7> SRR INBE S Bl 5 R M > RINGE L 4> 2 il 35 i, 76 K1 2R3, 6 FhEAR MK
IINHERR by PRI 7> BRI/ INBE S I T 204 > BT s BT > K L 5 263 > 2 00 4k, bR SR AL/ NBES M | AR /N T
R A AR R IR, 6 FhEEAR A it K /INHEIT R RS /INEE S B AU - > 7 7 BT > W B 4 > RINSE 26
55> 22 flFE A, Rk 22 A R B AN HE 4 MR B A RN T T AR 7 R I PE S, 6 R KA
Pyt K/INHEFF A W6 248 > B/ INBE S R > 22 i35 1> K LU 5 4 4 > 8 7 B0 5 6 AEE AR M 1 2B i K
TR A,

B R AR 1) PR TR i B 1, R [R] b 2 0 e R SR/ NBE W 2L A R L 5 £ A R
Ty AR A HE I D K L P > K LU > KLU AR, HL PGS AR T AR AR b XY (P<
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0.05) . KLV 6 B A M [ A= e 35 5 oMb R B AR 0k (P<0.05) 5 K L rf I 22 3 s 4 AW B 22 4
M 1A P T I T A A, FAth 4 FhE i R A i o T AR (P<0.05) 5 K LU AR I B
SLNEESN | FLA 5 R R (R AR e 2 T 1 AR (P<0.05) 4

F2 RWWLBFR. PFEE 6 FERNEMEN B
Table 2 Biomass allocation of 6 kinds of shrub in the east, middle, and west of the Tianshan Mountains

T A=Y (/B

g e HbIX BAEYR/ (/) i EAEY R (o/BR) Undereround Mo B AEY T Y
Species Region Total Biomass Aboveground biomass bio;ass A/U
A w 6423.8¢ 3421.5¢ 3002.3b 1.1
M 689.7f 445.1f 244.6h 1.8
E 731.6f 177.3h 554.3g 0.3
Aiii??fss 2615.03 1347.95 1267.07 1.09
B w 16230.3b 13124.6ab 3105.7b 4.2
M 5228.7d 853.1e 4375.6ab 0.2
E 2181.8e 1442.3d 739.6f 2
Aj:ii??f& 7880.28 5139.99 2740.29 2.12
C w 21399.5a 15718.7a 5680.8a 2.8
M 2501.4e 1679.9d 821.5f 2
E 1748.5¢ 163.4h 1585.1e 0.1
Ajiii??fss 8549.80 5854.00 2695.80 1.64
D w 5410.0cd 3071.5¢ 2338.5d 1.3
M 1866.3¢ 234.7g 1631.6e 0.1
E 1235.6ef 91.5h 1144.1ef 0.1
Ai:;if?f& 2837.30 1132.57 1704.73 0.51
E W 4354.4d 2293.0cd 2061.4d 1.1
M 3168.3d 495.8f 2672.5bc 0.2
E 1519.4e 225.9g 1293.5¢ 0.2
Aiiiffis 3014.03 1004.90 2009.13 0.49
F w 13859.4hc 8188.9b 5670.5a 1.4
M 4358.0d 1686.9d 2671.1bc 0.6
E 5612.2d 1268.6de 4343.6ab 0.3
Aiiii?fﬁ 7943.20 3714.81 4228.39 0.79
A Z W3 (Rosa spinosissima 1.) B: B 5% /INBE ( Berberis heteropoda Schrenk.) C; FI| 25 22 4 ( Lonicera hispida Pall.) D: R INZE 435 ( Spiraea.
tianschanica Pojark. ) E . & J5 KA ( Juniperus pseudosabina Fisch. et Mey.) F . B&ILAHF ( Cotoneaster melanocarpus Lodd.) s W ; K ILIPGHE West ;M K 1L

T Middle; E . RINVARF East, FIHIARF/NG FERIRTE P<0.05 KPR BE,

2.2 ARESRAGEEYETI
6 R OLFAFIHEAN R E TR a8 B A A Wi B o e WP 2, 6 Rl AR S AR A A= 1 Br o L 491 2 A4 7
809 LA L, RIVECFIAR A4 AR i/ N 2 2T lik s s b, A e s BIMIRAR OO FR AR NEE W E
B RGN SRR T RIS AR SR T7 B iR AR s BMIRAR U K I 44 B g7 R
SR T 2R W BRI NEE S 6 BRI A My by SRR Y 5.95% , M B AR U i it
TR 2R PRAVINEE WIR A R RIR I LA s R AR o SRR LA AN 2%
FEI I ERA R LW (3R 3) , 6 FREA I 1 A= Py i 15 A A9 A= W 4 ()47 e AR 2 35 B A5G (P<0.01)
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Fig. 2 Biomass allocation pattern of different organs of 6 kinds of shurb
A Z 3555 ( Rosa spinosissima 1.) By S5 /NEE ( Berberis heteropoda Schrenk.) C: | %6 2.4 ( Lonicera hispida Pall.) D; R INZEZ 3 ( Spiraea.
tianschanica Pojark. ) E . J 8 J7 A ( Juniperus pseudosabina Fisch. et Mey.) F ; B2 FH) T ( Cotoneaster melanocarpus Lodd.) ; W : K ILIFGHB West ;M.
Kl HE8 Middle; E: KINZRFEB East, T,

BRINE AN, HoAfth 5 FEA A A= i 5 A W 2 ) S AR A Wy 15 2R A e 2 ) 32 B A I 5 A OGS &R

(P<0.01) ; Z 33 A K 1L G5 2645 2 FhUEA BG5S 5 AR A i B AH Sk 31 i 27K F (P<0.05) |, Hifth
FHEARH A B2 (P>0.05)

R3I TRAEFREZAEMEAXXE

Table 3 Relationship among different vegetative organs biomass

bl i i A e el A
Species Foliage-Branch Foliage-Fruit Foliage-Root Branch-Fruit Branch-Root Fruit-Root
A(n=9) 0.999** 0.991** 0.978* 0.995** 0.988 * 0.967*
B(n=9) 0.999** 0.999** 0.155 0.999** 0.123 0.177
C(n=9) 0.997** 0.761 0.988 * 0.811 0.971* 0.649
D(n=9) 0.993 ** 0.991%* 0.885 0.999** 0.933 0.939
E(n=9) 0.999** — 0.199 — 0.177 —
F(n=9) 0.998** 0.997** 0.824 0.993* 0.79%4 0.862

A Z 3% 3 ( Rosa spinosissima L.) B S5 /NBE ( Berberis heteropoda Schrenk.) C; NIl & 2L 4 ( Lonicera hispida Pall.) D: K 1% 235 ( Spiraca.

tianschanica Pojark. ) E . H758 KA ( Juniperus pseudosabina Fisch. et Mey.) F : BBIJLH) T ( Cotoneaster melanocarpus Lodd.) , % F/RFE 0.01 7K (KL
M) 158 A 5« FRTE 0.05 ZKF OB 1= &8 A G, —Fom FoBdE s B e R 32) | R IRl

2.3 Rl 6 AT A YR FRHE

R SEEA A KA SERN, R R A6 5 8 W R B T RS A% K A R HLFR A Wi 1, BT
BRI R R AR G B AR R K IR R AT AR R AR A R T T AR R A TR AR A P
I3, 38R MEAKT A SR IR I A FHACR

X 6 FHEARISHIAR R AW 0 A, SRR IR A P i AR S AR > AR > /IR S G AR, L rp AR FIRLAR A=
Pt 2 A AR 2R B ARG 80% LA L bk SR /N RH AR A iy K L 23 > V0 > R R A, A AL 2 4
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Fig. 3 Underground biomass allocation pattern
A Z R 5% ( Rosa spinosissima L.) B B2 /INEE ( Berberis heteropoda Schrenk.) C: Ml & ZL 4 ( Lonicera hispida Pall.) D: K1ILZ546% ( Spiraea.
tianschanica Pojark. ) E ; Fr 8 J5 A ( Juniperus pseudosabina Fisch. et Mey.) F . BEILH]F- ( Cotoneaster melanocarpus Lodd.) ; W . K LI PGHB West ;M.
R Middle; E: RINAHS East.,

22 IG5 AN TR AR 2R T 249 B 0 S AR G | BRANAR FIAR APR38R 2 570K 5 SRR NREBRMLAR 5 FLA AR 2R 2
TCRE I , FABAR 2R )1 52 0 5 R O 5 W B 20 A BR TP AR ATRLAR JCAH DGR A, LA AR 22 2 52 3B ARG RIL S &
23 R EE 5 S AT AR/ IR B8 1) 4 38 A1 5G| FRRAR 7 AT AR A HLARAT Sk 1K 1) 3 7

x4 WTEYERRRRBEEXXR
Table 4 Underground biomass correlation between different roots

. AR RSP ARG ARG MR- VRO PRGHER RGGR ARG R

Fine root- Fine root- Fine root- Fine root- Small root-  Small root-  Small root-  Middle root- Middle root-  Big root-
Small root ~ Middle root Big root Thick root ~ Middle root Big root Thick root Big root Thick root Thick root

A 0.987 " 0.913*" 0.845" 0.901 ** 0.959 " 0.919** 0.957 " 973 ** 0.991** 0.992**

B 0.850 " 0.943 " 0.951*" -0.535 0.781* 0.747" -0.234 0.990 ** -0.701 -0.653

C 0.984 " 0.734" 0.783 " 0.871*" 0.827*" 0.853 " 0.888 " 0.741°* 0.591 0.847**

D 0.825* 0.766 -0.315 0.03 0.33 -0.209 0.112 -0.057 0.068 0.16

E 0.798 0.497 0.323 -0.01 0.465 -0.006 -0.059 0.693 0.37 0.219

F 0.709 0.648 -0.587 -0.208 0.709 -0.105 0.346 -0.636 -0.324 0.887 "

A ZH3% 35 ( Rosa spinosissima 1.) B B 5 /INBE ( Berberis heteropoda Schrenk.) C: NI & ZL 4 ( Lonicera hispida Pall.) D: K 1154235 ( Spiraca.
tianschanica Pojark. ) E . H7 58 5K ( Juniperus pseudosabina Fisch. et Mey.) F : BRI F- ( Cotoneaster melanocarpus Lodd.) ,

2.4 FRRAW A KRBT R

6 FHEARLILL D*H VRN AR PRI AD 2205 0 B pR BSOS, i pR O Y 4 e R 2R A HE AT 410
B BRI A T [ U5 S VAR G, 22 DR E R R F (BRI 5 1 (sig) AL, i A 80 22 ] A2, HE TS 1
ZIE U R, IR T iR E M AU AR (R 5) . RV H TR AR B v 2R ] w=a (D H) " BRI
UL AR LA o R IRAZ AR R B 56 A X 25 LA 3 A= ) ik A T, 5 4 0 AR 8 IR o) 25 314 43 53
I FHE R 5 RO 22 T ORI o BORERY EA T 4005, R 08 DA ) TR e 3 A ke 2R 0 F (LA
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B WA RINGLAG Bs ) SR SR Yy FITR A NBE AR A= Wi S A AR i ARG PR AN 238, DRHR
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i 5 AV KA ST LB, LR ENMIKF a=0.05 4T F K5, 6 MR £ IR 4 77
TE AR BRI INSERUHT S A A AR W A B b, HLA 5 20 A ) F BT g SR B 28 7T Y
WEELS, AE 24 DGR T ML 10 A, R R BT 8 >, IR 4 4> XPRBE R 2 4>, WIB 2
K TNFRANGE LA S AWy 3 53 D 20 3T A 2R R R SO Y | LA R A 2 0y 1 D VAR 5 TR 1
B SR MRS AR Yy A R D 2 AR ; 2258 Ay it SRR A Ay AT i) DAy et R RO 2 T SR A
K G525 5 MR 7 BORA 4 DA 22 0B i i 0 SR (8RR Shy X BRI, A AS [R) HEAC B IR 0 B 120 R e
By,

RS CTEAMMNENEDTAERRY"

Table 5 The biomass regession equation and coefficients of six kinds of shrub species

A ERh=e 3l Jife . .
Species The biomass type Equation 4 b ¢ R Kt Se
A W, w=a+h(D?H) -163.5 252.8 / 0.996 387.1 0.000
Wy w=a+bln(D?H) 715.3 3152.7 / 0.993 225.2 0.001
Wr w=a(D?H)2+b(D*H) +c 1829.7 -3657 2243.7 0.997 178.8 0.006
Wo w=a+h(D?H) -3428 4747.7 / 0.999 1036 0.000
B W, w=a(D?H)" 1.86 233 / 0.912 14.9 0.031
Wy w=a(D?H)"® 0.02 4.94 / 0.97 48.5 0.006
W w=a+h(D?H) -3061.6 1251.5 / 0.962 37.4 0.009
C W, w=a(D?H)" 0.275 2.47 / 0.971 66.9 0.002
Wy w=a(D?H)" 2.95 2.58 / 0.946 34.1 0.004
Wy w=a(D?H)" 4.02 2.68 / 0.956 42.8 0.003
Wr w=a(D?H)2+b(D*H) +c 31.7 -326.9 947.3 0.988 62.3 0.004
D W, w=a(D?*H)2+b(D*H) +c 123.7 -253.4 132.1 0.996 141.1 0.004
Wy w=a(D?*H)" 314.4 2.36 / 0.976 60.6 0.004
Wy w=a(D*H)" 1306.2 0.71 / 0.944 24.6 0.016
W w=a(D*H)" 1990 0.97 / 0.892 11.6 0.042
E Wy, w=a(D?H)2+b(D*H) +c 79.2 -130.3 110.7 0.997 266.1 0.000
Wy w=a+h(D?H) 22.6 291.6 / 0.963 50.8 0.002
Wr w=a+bln(D*H) 1799.7 700 / 0.945 33.6 0.004
Wr w=a+h(D?H) 1120.7 879.1 / 0.994 307.3 0.000
F Wy w=a+h(D?H) -49.6 19 / 0.991 283.8 0.000
Wy w=a+h(D?H) 83.3 160.8 / 0.969 77.1 0.000
Wi w=a+h(D?H) -78.6 12.5 / 0.983 116.7 0.000
Wy w=a+h(D?H) 2112.7 102.7 / 0.942 39.1 0.002
Wr w=a+h(D?H) 1547.9 304.2 / 0.976 102.0 0.000

W IR AN [RITE A BAR % 4 53 A b (B2 . 32) D FoR iz (BALL: JBK)  H FRORMEARRIBE (B0 K) ,a b Tl ¢ FRREL

3 HFrErig

3.1 Kl 6 FHEEAR AP Lo S SR

L) A Wy S TICHS S5y 14 25 S R AR ) A BRAIE 25 DA SR R RV T 45 2R L2 W0l A /NI ] ) 5 D5
BRI R IR AN ] 25 B rh AR P (9 A3 B AN S 1Y, 1T ELAFE R R A3 0 ) 6 R A AN
ARA Wy T o5 LB 2 MR E 809% LA L, ELASAE Wi B W g T 1 370 AW B 3R 4 B RO A= Wi, BIVRCARIAR A=)
R BRI DT, IR EE TR R S RS ORI 4 R el TR SRR R 0 AR 2R 1, AT
WIXFEARSE SR e B R AR, M L AP M ORGSR R AN R - SR AR Yy AR SR Ik
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FIAROCOCER . A SCORI ORI LA (D?H) 2 AR SRR I PG AR R 6 L3RI A 1Y 2R Wy s B AU S
ROARAAT LS A i AR R AR i RO AR S 2 ) R DG o SRR/ INBE R R ORIk B K
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(2) KIIARIX 6 BRI HAFPREA R SR AE YA E RS E R A ER 0 ECE AR S S i SF 23 AR
A 7 AR R LB, TR 73.17% , G5 4 48 (R A i e o HeAgl 2 ACh 2.45%

(3) 6 FIEARHR 2225 Py it 43 B AFAE R AR > AR > AR >/ IR S 2R, JHErp AR RO AR A= 1 2 1 5 AR R
AP 80% LA I 5 Z2 il A [RIAR AR 1) 15 5 0 35 R 5G| FROR /N BEBRORLAR 5 A AR 2R 4 0 AH JC M HOMAR &R
) 457 52§ 25 R OG5 ) 2 A B P AR FIDHLAR T AH SC A, AR R 38 52 38 RH OG5 RIL G R 4G FIB 3 7 Ao A
AR /NI K 31 5 25 A O R SRAR F HUA RHRRRAR AR DGR A 3] i 2 7K

(4) DL D*H 3£ K ILAKIX 6 B DLHEAR bR APy s Al TR Y 1 A8 i SEAIARTRY 24 A~ A R PR AY
10 4>, FERBUE AL 8 A, ZIAEIARL 4 A P BUEARL 2 A, W 2L FR IS5 448 S A Wy i 53 ) ol 22 A A
TUFNRE RSO | HA A G Wi Y o e MY s SRR - A0 R AR AR W) s BB 1 S R AR Y 5 22 )5
T SRR A= Py i AR AL 43 551 S AP R RIOR 22 3 R A 5 K L 45 2k 2 R 5 O BT iy ity Z2 3 RS
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