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Preface

This course is designed for undergraduate or master students who are preparing to engage in an
interdisciplinary study in the fields of forest inventory, forest ecology, and forest resources
management. The purpose of this course is to show students how to link their knowledge in forest
sciences with an interdisciplinary approach, and to help students acquire skills in predicting and

assessing the dynamics of forest development with simulation optimization tools.
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SUTHE: ARMUME, VRN, MRE]
A EME R, BB, BFRKIE
ot ERAR, Wik, shlkx, JTWRE, B840

ARNEAREE . THRESGENENELE

Intensive management, sustainable management, or adaptive management

MU EE . RS A, e, 8%, B, 2R
EARGLE: KEMEH, 400K, A
FIFFERE . BAHIEM, THEEM

NI RBRSGE, ESBE, Ml ERAR L

U EAERE 2R 2R
4.00.00 - Forest Assessment, Modelling and Management

(K PR AREREE DU 70 &8 ARARDEAG, AR AR A E

http://www.iufro.org/science/divisions/division-4/
4.01.00 - Forest mensuration and modelling

4.02.00 — Forest resources inventory and monitoring
4.03.00 - Informatics, modelling and statistics
4.04.00 - Forest management planning

4.05.00 — Managerial economics and accounting
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MARIKF Tree level (FRAEER, MR, A KN)
WK Stand level (BFRZH A, R7r45HE), LA, SE4¢)

GG R, [BERED, A, A
Kot Fhk:

BURHAE resource data (BfH, BiEX)

FABAE dynamics data (K, HE)

TE B EE regeneration data (B0, FRF, 207, 2h#, #E5Y)
i E 5 mortality data (125, B8], MRr4544)

M ZREME B biodiversity data (FFAK)E, BERE, HIEE)
AR Ecological data (5%, 2, 7K)

B AR B 5 07k
A A
RUAFE, BENLAIFE Point sampling
R Gl FE Systematic sampling
HPIRFE Stripe sampling
Bk il
Vol iiled

=T UM T A
IR => fgft
&SI A => e
HBR => i
AR => A

VT Her At
ForStat, QUASSI, OPTIFOR, Simile, PUME I, Silva, FVS, WestPro, Monsu, Motti, ...

Q2. Wik FE ALY, [ 5E PR, T A AR B B AT A 7 28451 158 B AN ) i R Ut 4 b
A

Kiaer 7 19 RN 7 HARERMEFEARN N . B8/ Bowley  (1912) FBEAAL ARSI A T
WAL . Neyman (1934) ke AT ABEHLIERAL T H BRI RE . He T g & S Y
() — 3 K/NIFTA P REREAS 70 AT, A R AS Al T BLAS IXTR), D9tk BRLR H AL 1 HERA B S8 T 22 A
4% (Bellhouse 1988) .



19 AR TTIH A A () F E RS AR, 25 N 2 20 R A AR B R A AT LD 1
A (Loetsch et al. 1973) o FLHAFAEILAEALSE | 4 [ ATALRR AR MY 75 THI (/)8 FH 2 H il . A\ 1900
21920 4, G FIRZEEHH TV SCER. BT RIRRE R REW, Bk RGahEE T Z b
FEIX LG [E 5 4 )2 A H .

Israel af Stro:m 19 40 30 FEACEH T KGR fliFE . Hasel (1938) F11 Osborne (1942) A A FR
SR LA RE RS B BT . Finney (1948) I /> 215k, B BAIHAL Y Y
BEALE o

Bitterlich F1 Grosenbaugh HlHEAEMERIMALES, $EH AN EEhFEE (Bitterlich 1947) . fR
SRR IR P RS FRARIFE A ROT:,  BRUORGEARM B E 6B, Grosenbaugh (1952) i
RS RANECECE NS REE (PPS) , FRH SRR RE S

Scott (1947) 2 T HMIELHEE (CFD) /KR . Bickford (1959) H4 7K ANEHL 511 i AE Hh B RIAT
BLE&, #ATH R hEE (SPR) .

TR [ 7 E AR A A TR IS R )T (Matern 1960; Mandallaz 1991; Kangas 1993; Gregoire
1998) . HTE PG CLIZHE T Wi (Czaplewski 1999) .

AR

BEALRE

AT R BEALAMAE (SRS) & — Rl EEA AR FOR, EIEFE— D EA n DEITHIREARR, A7)
BER) n MEARMA S, HEAMFESEgH PRl

{7 B BEATL AR 23 D9 R T[] St A A AN T S

PRI, B N SR n BIREA s BIREER p(s) -

P(s)=1/N~n

XAE O MR TR NAn AN RN n BIREA . FERXMIBLL T, B8 MR AT AR5 Al 1
2 A B — BT R, B,

Pi_i=1-(1-1/N)”n

T A B i A j IR R

Pi_ij=1-2(1-1/N)*n+(1-2/N)*n

37, FEATRE R, BN ER T R BRI, R AL S M AR T SR ANME TR i
FERTHE IR A %5 55« AT REMIFEAR KN

N!/(N-n)!n!

XL R A P RE— N FEA MR B A3

p(s)=(N-n)In!/N!

ARG

RGUMFE AR AL SR A 1 S (R B R AR BT . BIANAE — R IR 4 10 BRI — R B AR
— RO A EAE IR BRSO . AR R SR R, BRI EE kA FITIIROE AR . KRR
RS A EL TS BEAT AP BSEHE Y . IX RS AT RERURE I R L BE S ke ARMRBTIEUR A,
FRH L, TTREMIFEAR BBV IR

#lhn, £~ 100 ha MHLF)— RARMBLIRA A o, FEHAT BT IS, AERXAN TR R, ATHRS
FEH 2 AR BE RS 209 100 mo i3RI 102 AN EDEAN fORFE L . W R B4R P 2ME /N T 8 em, R
AR08 2.25 m B ETERE R BT AR 5 K3E, A8 bR - Ui AR R 808 2 15i%,
I WA N EMA,  tha]fE 20 m2 (ETEAEL I B . AR RERAR 23 DR 5 BLEE A 1
THAT DA TSR R o AR GEHRE o B BT AN BRNAE 1Y, 10 L 5 R Gl e AR AE SRV 3T
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TR THE . SR RENLAS THE A Tl B AP E RS & fEsb b, W EREALA T B T
T REARTT 2.

73 JE AR
732 R BRI 73 EASE B FRY S A DR T o6 R AR A (1 22 B P AR R AR Y ) AR B O —

Ho RISARRRAEZ, BAHERAZ BIRDREAS, FEA T R] DU S P BRI, L5 fi] 2B AL
FFEMUAR GUIAE . RIS AR R AF ISR, AR 2 AT VA ARF S fERMIEE S+, AL
HEAARAE AR MR AT 2R 1

TR IR, AAAEESA NS B . WX e B, BT N SR AR . FERZEOLT,
3 JE AR L T B BEALI R A R R LY R AR AR HE TR B T, SR A I A i A
BENLAIRE, (Hth AT DR R GERE . & O AR BB BRe S S AR 1T 2 5

B0, FIFMZ B0 FFE 100 ha AT 2. 3 250058 U

= A(ha) n V(m3/ha) SD(m3/ha) Vtot(m3) SD(m3)
FF- i) b 18.0 18 42 6.7 756 121
SRS 33.3 35 167 10.0 5557 344

AR 48.7 49 268 13.3 13033 649

V_ave = 0.180*41.976+0.333%166.84+0.486*267.67=193m3/ha
SD=sqr(0.18072*45.437+0.33362*100.27+0.487A2*177.72)=7.4 m3/ha
Vtot=755.6+5557.1+13033.4=19346 m3
SD_tot=sqr(14722+111246+421372)=740 m3

EHE T, R AR Aha) LB IR n, P ERERIC S, AT LA AT AR B A
R AWPF MR E R V(m3/ha), &4 BUFIMARE RIIAREDR SD(m3/ha). HE= FIMA S &R
Vtot(m3). WA BEARAIFRHEDR SD(m3), BET AT ATG 28 A XaAE 24 DU MR B AR V_ave T I
PRdEvR BN XM (S B A SD_tot K HiARiEvR .

A
2 PR L3 B2 AT R PN SR A A o AE AR BTIROR &, TEAEAFAE 2 DA AR R
B AT A — A AR A AL RS o G SRR ) P S IO BR (K115, 5 — A th w] ARE DA B AR 1A

HE R

B0 7191 (jackknife) #1H Bk (bootstrap) o FITAERERFUIF:
IR A REAS AL K AN KN A n (B FEREAS
THRAEAE AR A AR A T (P AEE 3D .

N HFEREA A THE 2 18] 1) 77 Z ik Sz 07 Z R s T & .

B
FATAT LA UM R SRBUR B A Sesb i, T DAER RO E U — € SO0 T, e LTt

MG THEN T Z (WPPERD foh. B RA BOE WG — DMEA AR K &2 A R
VB RRAS s A5 b B8 BB A AT A — A AR ) A
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BOR AR FHBOCIRFE R & o fEHUBECFIH, N RUBCR 5 BRI Y, BEE BOIRFE L, 34T 4
AR REFNE . KITIAEH 5 2 O DA M RORA 5, i T3 TRt w] A ARG TR
SE WO A ZHE YA A A

i
AR S A R o — BT M S ROr U8, Al 3 X AR 7 JUU R AT A RN

AR

HERFEHIE F 00 T3 20 40 AT S AR BEAT A o AT AR /NP SEBRARL, Y BT 1 A B )
ALK TT 1A B B AT IRFE D, BE%E W — R 20m, 0T IR/ N AR 10m, AR AR i
BRI A 40m . AHRIRFEHLEE — 25 PO R BEALIL S, AT 2 (BB ES D AR U 0 5 ik
10 B, 57 rhoC R BE B N e BT AT O ZR IR T TR B, RE AT R i BT T T o RS RE AT TR 10m
Iy B AN E K FERIRE B, REAMREB N H2 BRI I FE b R 2 77 VR A o R b B R 1 2 i
N: [=W/D X 100(%).

P DN BALHAT, B — N/ NIERIE Ny — AR 8, FEREAN /NP R A 15— 5 Fli 00 A FOU
FOMPUIRAE o SR ¥ B M ARIRR I3 700 2 T B8R 45 Ak =, K F R SRR R0 BE AL A 2k
o IXFE ) R, EURH B A SE B B AR R HMERSOR, 5 B R LI S B 2 DR Dy i 2 6 0 T e DA 313K
HERFEHUAR IR T RS ZE GRSk BRI E D, fEE B BRARERT . fhifis. B2
FEMESE A, BB S SERRIRIL . (R AR ZE X IR, 45/ DRI AR X B o e 25 IR 4 K
G SEBRIRDL, I HCHIFE 254 5 07 .

HA R

FEA I 8.0 K52 1) 2 AN (R R, 212 8336 11 d /) B T 30 FR A T ERG A EE F) SRR E » AR
AL REA A S BARER S Z DT E R d fH, SLHBER 1-a, WHHES 0 ERHR/MEAR
o SEERAE A FE EDER ISR R A SR BENUBRE AT MR 2, A i
TR B A T BORBREU 22 3 R B0 AR BE R EER . BUIRREH 0 B mT DUAR X 2> —
s, [ TR A B AT AR, R A R B A R o AN, BERE BB DR EE
b (R /NEIE— RS R S RO PR ROy, AT DL S B B A

P RM 1: Simile EAIRMEK

Desktopl (Simile model: unsaved) [==E]E=]

NREOoEERENEREDDDDE

(o) e o ] ) ) e ] ) ) 2 8 ) e 8 () =)
S| s j

x| | ﬂ
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AHTAIS 4 Simile XF A, FHEARIALTHITE. Simile & — 3K E RIS KRG &
R A, TTDAN T Bk, PRSI R 5 2 0. Simile SR SRR A 25 T8 4 1 R 2t
B (declarative modelling) $A, LATE M7 IIAESEF0 ELU T AL 77, SR IR S8 N #8158 BLAR
FABLA o 23 AT B R AL 1) B 10 Gt 2 IA T7 2R DL SE 47 b 3 B 5B & A TN AR 1) AR
2) HFERN C+HRRACHS ] T PUE AT 3D EIHE R FEHRRAE, SCRR R 30/0 B ) B ST Bt
4 B AG A PT PR v P il e 8 SR B s 5) BRIA MR SR vl DL fE i R B &
J7 R, 2 aT fE LB M R 2 (Wb http://www.simulistics.com/)

AT — AR A I T R IAE simile AIFEA A -
1. BRI A A

|
(1) %l compartment ﬁ’j , %N size.

(2) %N flow Elbx ® , fir 4N growth.
(3) #In—" variable ﬁ‘E, 4o gr, RAFERKAEKHEE,

e
(4) 3 BRI size I gr F| growth E‘J?‘%f%éi%o fiti BbR, AT CLREE A bR AT 2 2%
frE. HETRRAEDT:

gr

growth size

(5) i growth FITFEAR: gr*(1-size/25) ZaAEMEM R EKE KIE N 25, EKEFLE
THAI K, JEBHE -

(6) W& size IVILHIEN 3.

(7) BEAE gr FIME 0.2,

(8) MMETERUE, EIbRRA BT,

gr

growth size

(9) AZEHFE model-ran, %E#% create plotter, SN size WA &, BATHAY, A LLLH) size [F)
A KL,
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=B %

= | [z ""”@

2. BEEORY R BRI R T

(1) A submodel Tﬁ‘éﬂ, AR,

(2) E¥Fifr4 submodel 4 tree.

(3) ffH Tﬁ?‘éﬂ, Miki submodel N, FTFF submodel J&PEXT i % [
(4) 1F instance [ FHi2850H, ¥ E N population.

(5) JEA AT LUEEL submodel T I

(6) M submodel J&& P XHEAHE

tree

\

ar

growth size

b
(7) %5 gr BME H 0.2 {24 rand_const(0.1,0.3). AT EESMAREAL B B AR AT AR,

(8) ¥¥IN creation process ﬁ, BV AREL, S E N 5.
(9) @I immigration BlAR, AERAWE B IR A, WEHN 2.

(10) ¥s/N destruction process 4%, fiv44 N death, ZE37. size %F death KI5, K death TRAE
size>17, EWRE size #id 17 1, HIARIETS.

(11) BUERR S R

14



tree

7 )

ar

growth size

|~ W

initial regeneration death

u /

(12) HEEIFBEITHA,

3. IFEMDBAREE
(1) submodel #M¥EINAS &, 44 N total.
(2) ¥ total I1E N sum({size}).

tree

/

total

initial regeneration death

b -/

(3) HEHa T, JF2H total FIAALHIZL .

[ Execution of "Desktop1” - Simile

Edit Add Window Help

Run control |Run settings| Log] Page 1 Page 2[Page 3| Page 4]
CO+—&T

) ] [E=E

Execute for: 39 unit| 4

Current t

390 unit

Display each[] event; 1 unit|

Time step #1(01) v 01

4. MrA AR AL
(1) f£ tree [ TR NI DAL &, il dn 440y x Ay, ARMAARFRALE.

(2) 53514 x Ay WAE N rand_const(0,50)Fl1 rand_const(0,100), LM A4 KAE 50100 HIFEHL
Mo
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(3) BITHA, iﬁi‘%ﬁ%‘éﬂqﬂﬂ’ﬂ Lollipop diagram, Z:EIEGINAR &, MRKIRKFLFLRIEZL x
bR,y ALRR, Fsize AR,

(4) BATERWT:

[ Execution of "Desktopl” - Simile

File Edit Add Window Help

[o[=][@] S EIENENE
Run contral |Run seftings Log‘ Page 1 page 2|Page 3|Page 4

. ¥ O+T

60
Display each[ | event; 1 unit 40

Time step #1(0.1) ~ 0.1

DﬁDj

= Stree

A death
B
Frgrowth

initial

mregeneration

EEETE— | o
P ®--
vy =20
8y :
@ total 030 View

L ks I lev.

BTN, & — MR RKBERHE] T, fEEWBERIAE g, IR 2R H IR PR AR KA
KR Simile MR AVEERE . 7EMER IE W A RWGRBIARS, 4080 B HLE BIR & H-t BEALRIG
2 Dt AR, (HTRIEE W, BVESRISHSIARE, 1E % A2 i T AR FRATT e A v - Do T AR s
WM, WE AR N: H=22.841*%exp(-19.284/t); Mif2 AR N D =36.149*exp(-24.507/t); [
ST A RN G =45.144/(1+3.967*exp(-0.185*H)).

WP 5 ¥ i LAEEE « N E A&, 1 Simile hRATEERVILEE R B N t=15, M4
WK time=1, FIHAMSAEKFTESREEK TR, HEEPHANE (BE
H=22.841*exp(-19.284/t)) 5-F-I5i4% (¥ B D=36.149*exp(-24.507/t)). i#id submodels f4 7 LA

W PRI IR 737K (% & Instances 24 Population) , [FB FRATA B AR W46 % B initial=25
(FF 100 “FJ7K 25 8% , BLEARIAAAHR x #1 v A rand_const(0,100).

stand

time 6 o

D C\lial
PR3 (RUAR 5% b T TR APUOR 4% 15 58 TH ST B R B W T AR BA=3.14*D12/40000, 44k 111 AR5 2 1 T AR
TBA=sum({BA}). IHIIFRHERER AT B E,  IEH MR (K i KW AR Y

G=45.144/(1+3.967*exp(-0.185*H))/100. L —FH 2 A ELE], ] LA IEH M Bk iR
mortality=(TBA-G)/TBA. HEMILEHI T -
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[PV Execution of "Desktopl” - Simile
Fle Edit Add Wi Help

[o]=]=l
Run control |Run settings | Log
(@)

Execute for: 5 unit

Current time: 10

Display each] event; 1

Time step #1(01) v 01
= Dstand =

@3

8c

aH

initial

o mortality

=08

Btim

0

ey

O RDEEREIREE

Page 1 |page 2| Page 3|Page 4

EE=])

o

D+T

Zt, BMEHE SRR, AL IEE ST A K. 5 BT AR AR T, i

SRR IR IR R R BRI, R AR R AT 207K, B B XA

Vanclay (2006) Lk Simile Al @R T IR MAEKIIR -

data from file

occasion

present

(@\i‘nc

]
X,y coords

size (dbh, ht)

comp index
total

}?‘/ summary

pair

distance

rel size

A

~
irdiSd

condition

competition

spp

&4 Pearsonr

initial
horizon

horizon

dbh or ht

Jerome K Vanclay. 2006. Spatially-explicit competition indices and the analysis of mixed species

plantings with the Simile modelling environment. Forest Ecology and Management, 366: 295-302.
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Display Outputs Experiment Data_input Site aspects Parameters
B , 4

@ = = I : Ca /- Species groups\\
4 Ca &
& & < 2 J L Sa Soil i

Cum BA by Force BA Nhla Dbh  Spp Harvesl
Soil name &4 b4 ' L

) Growth

/ g Mortality

Spp Class

MeycFYol
Recruits, :4‘!
Cu L e —
Merch Vol arvest 7 Recruit
% damage 10'-’1@ /
n Ay ecmilmem—} y/-
Size Class \
\ S
Y
StandTable | Regen
—_— :‘f!g & coptrol
Run control - Recruit:
C! Emerge
Run Controls m
—
Harvest
P B Y = o
|—8—4\L Recrui HEyrasdh
Harvest y
threshold b &
Threshold
\__Harvest _,/]

Jerome K Vanclay. 2014.Unsuspected implications arising from assumptions in simulations: insights

from recasting a forest growth model in system dynamics. Forest Ecosystems 1:7.
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T AR TR B 8 SRR SRR R s R A 2 S5 AL B TR A WinDENDRO
LR HT RGN K S ARG AR T B R 297 DNACEREAR ARS8 AT b, B R
BRI TN, X ST BORE AR HEAT 22 X 4, 193 T BN HER I A4
WEAELL ) AR KEERE, A RN 1 B AR A AR [ B P SR ARG 2

IR WIinDENDRO; ASHEA; FHRTER; X EF

PIARFER AT TR B S EE, T H MR ER A, AR LA 78 BRI 4R 1 4R
KA. TEEEEGEHEEE . MRARFR TR R Z R H V) B SRi R 9%, (B2,
AREL, AbFRANFT BE A A B 9% TS0 2RI, T AT AR B BRI, 7238 an ERAP A PPN B AR DR X
W, B TR A S U A & A, X RO ERIEANAIAT (TR, 2011) o BOMIREE.
25 T SON PRI 5 W 50/ R ARE D7 VRl AR K HER SR AR AR

B THENUE B R AR )RR R, 53t — & B3R ERN AR ER I RGN A e, Kt
FHLEG AL EEFN A B AR BN B A 56 1) B 3R 5 A & R B R L AH R H TN T4
F& 0 B SR A A AT T FOE AR 2, H T AR50 0 B I AES F ZR MR ERL /i R4, Wi
%K REGENT A & /] WinDENDRO F1#%[F Frank Rinn 24 & ff] LINTAB (fi[i, 2005) . AHF 5t F1{#
FAMIAESE 73 #T /58N WinDENDRO .
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H T, REACEAE A M 15 2 (1) 550 BERE 3 B T 8 A R XK i B B e - e s gl 280
ETRBTFERERE (HESHE, 1997, £E4E, 2003) , R ARMKEHARBA NTH 8L
Fe H X AR MR BEE I S5 M A S S HEE I (Santoro 2%, 2001) , PAKIRTH KA CO2 I 5 48 hin &5 4 Bk
ARARAE L (Martinellin, 2004) o TMIXLE4E5E FORMR /A B T 8 S7 B AR A AR R SR TN AR AR 1)
BIAARA o FRUEIRIX K R 5 200 bR 37 e = 32 2 W0 P AR 2 i, AT PR ) 1 2B RIS R AR
PR PR ) S AT B AR A R R

AW I H RIE T @RS 4 DRFACSFEA SR 5L A 7047, X WinDENDRO R4 7> B R G
REE R F UM S BRR A 1) — e 5 — R A, DMEFRITS % . [, 8 X 2R X
T BRI ACEAE A S T8 S BT 5 D K HIEAR I 1 3 AR b TR 8 HE B 14 6 e Kl A S
HAREREE, T 0 i L 2RI ARIX 3 B R ) 4 AR A5 TR AT B AR fi (A Kt S i o

AREFEA R

BT A RE ARSI A 250 ARG 256 % T 2012-2013 AR 7E VG AL AR MRRHE K 2 JCH I 2502700
MIRSZRUI AR DA T ZER AR Cuilihr s JEHRS L SRR SR PR 34T AR B &, A5
FRGEI R E e A 2R A R A &, 3 297 AR

PEACR AR

FIGEMIAE S, — AT 2D B BRI SRR BT 1 28 ELAR AR AR A 5548 AR 7531
ITAEAHEIORS o FEHIR A, 2 HOCRESE 0 54 W e 3 1 22 ELAR B AR AL 58 A 70 303 T
AR T8 AERE R B ZR PG AR AL T 130 70 AR A . 7 2012 S 11 & AT FE
AR E BFRAL, TR 2013 SRR A N 1 AR A AR A (R I

FEATIAL 2R

FEA I €

FEACEREA KT LUE » FUBAKCRE 578 4 TR AR FEAREFEREAAR L, JFIG EARZEARARICHEAE 2
PR AR 8 AR A AR 1 1 A 8 8 A A, FEASAR R SRAVA ) 56 2 5 A I BLAR AR =, TR ANt
HARGERR ¥, HTBEMBEEAL . FEERRE, B2 AR R0 R — M L,
LY AN b BN AR 22 o AEPTA ASFEA AR #80 S 4T 7, AR BRI IS s iy 1 HERf X 5 )5
REEREAIR b, ANRER 2 B 37

FEAHT B

FERREEREARR RS /5, 3200758 5 R A Rb 4R (P280 8% P320) . P 4% (P800 &Y,
P1000) FTEASKEA, HEMARRMTE. SLE. W5, RERIBWHEBF KR ARER.
Fri b4 5 4% GB 9258-88 (MM E « FESEPRAE, WIRAEFEAREHEST B, LA (P8O
5 P100) REFHAP AR,

¥ NEE ]

187§ WinDENDRO £E48 43 HT R GE FL 2 143 SO A FE AR AT 48 I D AR AR IE T 1) F
AR T3 A9 X 45 . WinDENDRO A — 45 = Al EUZ AR A7 4% 30 jpeg (*.jpg) - tiff (*.tif)
A bitmap (*.bmp) , AU HIEEE tiff 45 2RISR BUE . TR R i #8247 ]
BT, Ik, 24535 EHM RS AR 2, 77 DO 2 A FEAR I HERE $ 348 X380 T 44,
DA 24 R T30 11 B[]

19



ACFEA S BT
] WinDENDRO 5850 M1 R Gi X A AL A 3 # S 3847 70 HT . WIinDENDRO ] DAEAT 4R §¢ 5
J5E VS FE T 7 T AT, FEAR IR SE S Rk AT T 4R 58 55 FE /0 #T o

PR BRI RS B 3R

Inak e A B4 )5, WIinDENDRO 5 Z2 48 BRI AR A0 4 B, i 75 22N TIPE BUR AN 4e .
ROV A SONRECIT IR, & RIBIM B TT ], R U2 AN R R EEE R A 2, B
WinDENDRO A A ¢ H 8l 4]

O AT I 75 28 RS FEARIE R, BIEMATR R ALEAR R FEARMAR B SRR [A]
& (B 1D o HARARPR RS R AR E I (8] P TR L AUE S (1, 1/ 2 30 e ey ik il % 20Us
W& PP H R ME—FRiRs G 5EFA K, HRARFERIFERAD —ERACHIRERE, e
KR EIREAR, MEREM AT, WA S —5, G —FEREm (b
5,2007)

| Identificaticn

Trea Ir
Site I—
Tree height IW m
Year of last W

Trea age II:I_ (I:I if

Dizk Height IEI. Qo0 m

Settings. .. I ESILCE]-I

| 1 Identification & I

TR E BRI, TR R AU S A, RN RS B AR TP AR A e,
AN T (-2

HinglDetectioniParsmeters

Bing Boundary

{ erpendl cula * Tangent
to path to ring
W Bmtomatic ring detecti

Beject rings narrower |D.DIDD mm

{* Intensity differen:
¥ More precisze detection (sl

{" Teach and show
Cancel | [ 0K |
Kl 2 R ENHENS R E

N THER A
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AR B SE A, R TR I R S Z AR R . BB sE iRl E , AR Bl AT
(IR R R 25 RAFAF B L SRR AR S 2R — DN B R IR - fEi5 3N %
A, WERAFAEIR RS, T PR AE RN AZ AR SR8 SR IO L B o — ok, BRI N — 2k 4214
FRELR . WIERATAE Z IR SR s OV EE RS, B BUbR 15 B AR T BB 1 Dy e I 46 1, B IL 2 s
RYCgigd, HdrlBRiZE R ML BE% Delete HMIER

HaRR L SR W W LA S, &2 AR B . 1M “shift” B2, H AR
R F L RIS FIE G B B R s s B 2B EA L, 2t)a, 6
wUw” bR, ‘27 BT, REIISEMENIE.

R T ERBEID LT R, FAE “shift” B, bR R dra SR Z N, RS A 0007 R
HGHERIEINI

Hega Aot BG S 1 RA

NI HIEE5ERJA, WInDENDRO RSt £ PR S BGOSR SO B &G DL 2R A7
o Je B BB, DAAEAE SEBR AR ot I Bl EAT A6 o a0 A ik F) PR — B 0 T A oAt
BRI BB HT45 9, HAGTE WinDENDRO &40 N, FHKHT TR A I BRI A4 1T LLE 356
(IRl

SRS T B I 5 2 AH SR R S DA * xt SCARKE ULRAE, WInDENDRO BRI R ARAF A48 98 FE 4L
i o FERRASFERLI AT, ORAE T R MM BIAH (S B, 75 224E “Data/Ring Based Format”
T H ) “Ring Based Files Format” & /&AM N IET (& 3) .

GG e .

Format (+ Wew wersion ¢ { 01d wersiom

Bing width iz always

v Earlwwood [mm]
WIDTH v Earlywood [%#]
v Latewood [mm]

Mz mum
Minimum
DENSITY Ring [Mean]

Earlywood [Mean]
Latewood [Mean]

MISC, [ Ring fngle

O der % From Pith to Bark
{" From Bark to Fith (not for XI

[ Only the 1a !5 ¥ears
Cancel | 0K |

Bl 3 SRR BRI SR AR A

AREHEA I M el R

R 14 2012-2013 A A5 HAU SL 56 AR KHBIE I R AR B U ACEFEAS 1 20 48 AL o AL F R
R AT A T2 ZEAE 2012 45 7-8 F R, A [ 8 FE AT R AR 7 AR AT A 2 2E4E 2012
10 HRAE, # L Fa B BRACEREATE 2013 4F 7-10 HREEAHEL T 2012 SR HIAEREA, 2013
AT 7R AREHEARNIRESE . 756, 2013 SFEREMARGHEATAAG 1 DMElfa
A9 NG HRAEA R HE LN, WA AT T
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R 12012-2013 - KHIEMIGAEHEAR D M4 R Ffr: MR

L KE - b BUERE IREEE A MR i PR (RER
U OIS | % UG 1 7 S =P N T A i Aits

IV 86 86 7 0 79 84 2 84 2
EIHFS 37 37 2 14 21 37 0 34 3
K 90 89 41 0 48 50 39 74 15
BiiAtE 84 75 31 0 44 57 18 74 1

Kt SCAE o B

AEHEAR I MTERR LG, FEORAF B SCASCIE A, Bl 2ATHES, BRI R # H 5 4741,
TR R AR ST PR A TR MR IR TEE . WS R BT 5 o EL AT SRR BT o
ot (B 4) o AR L PG SHEAMSRIE EMAR R ENE L, Sa—#o42
TN ERIAEE . RS 1 SR ARSI, 5 2 B BCRFREIT E], 5 7 S AR TIE )
W

WHHE WEE RXQ BSEY EHH)
WINDENDRO L] R 36 P

i

] RING

TreeName Path identification Site identification YearLastRing Sapwood Tree height SectionHeight  User variable RingCount aType
|Path 1 2012 0.600 9.0060 B 0.8080 0.0000 30 RINGWIDTH 5 47 _tif 2013-11-21 15:14:86 142 2185 8 REB I
Path 1 2012 0.600 9.0000 @ ©.008 ©9.9808 38 EARLYWIDTH 5 i 142 2185 8 REB 1
Path 1 2012 0.000  0.0000 0 0.080  0.0000 30 LATEWIDTH 5 142 2185 8 RGB |
Path 1 2812 9.800 9.0080 0 0.000 9.9000 38 EARLYWIDTHY 5 142 2185 8 RGB 1
Path 1 2812 6.600 9.80660 B 0.808 0.8868 38 LATEWIDTHE 5 142 2185 8 RGB I
Path 2 2812 0.880 0.0060 0 0.008  0.8060 36 RINGWIDTH 5 142 2185 8 RGB 1
Path 2 2012 0.000 9.0000 © 0.008  0.0000 36 EARLYMIDTH 5 142 2185 8 RGB I
Path 2 2012 ©.000 0.0000 © 0.008  0.9000 36 LATEWIDTH 5 142 2185 8 RGB I
Path 2 2012 0.008 0.0000 0 8.008  0.8000 36 EARLYNIDTHY 5 142 2185 8 RGB |1
Path 2 20812 0.800 9.0060 O 0.000  0.9008 36 LATEWIDTHE 5 [E147.0iF 2013-11-21 15:14:86 142 2185 8 RGB I

Kl 4 ARGHEALE S

A e

FEDMARSFEAL RS, RA RN B, A BE— 2 HAe, A RITE #5380 1
SEREMIACE LA, AT LG Pk Bt A QORI 1 2R BRAR, 10 A 25 BRAR AT 45 B I R R ANIA
AT TG ZE IS SO A RAAT AL, RIS AH O A AR5 B S5 il 28 BEAT X LE, 4 PR AR5 100l
CUSE IR EAE SR (B 5) o HIyo2 UJ#s] “Rings width” & 1, A B 3h 4 45 58
JEE R REAT ELWL I 32 X 4 S I B B VR A 78 o [ — R B[] — PR 20 [ B ) 2 9 58 ot 28— M
2% R I AR AR, A0 R AR T B 2R AR — MU 5 59— M 222 52 0K, T A mT e A7 A2 U
BHCEFMH IR, TS EIRIARGHEAN R .
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UNRACE FEASHEAT A2 XOE 4 5 B P 2R BR ARSI TS AR ANIRD, TIRT B A2 1 T AR BEA A RS I e rh A
R BT AR, XA G UL ACGFEA R SRR — AR IEE R BRIt A% R BUN AR AR AR 47
G F3— 2% HRIF, T ANZ AV TR AR R IR SRR VNI i THE0
ARG, Mz AR R RS B e BRI AN Z AR, 1 R AR .

ASHF 7R WinDENDRO R4 431 R Gt 2012-2013 45 4E 254 B AR AL S50 = 78 K U 2 i B Ak
D ER R BB DU A EEERA CHFR s JE I Ae . SRR HR) 1 297 MACEREAR AT 5L 58
JEE (I o3 A, G SRS B SR A IR A, IR B B ISR AORE A B AT S S OE
T2 T B HER AT FE (R AR SR I AT AR5 T8 P40 -

P EE I cdfa T LA 2 BRI P 8 AR A AR 2R e e b ) A 7R R RS A TR 2 BR (R ) 2 o T
€ 98 LA T DLSR U E A SR BLAR A, SRR AR TR 1 R R AR AR R
R Z ESERLIN 1) ELAR AR A A 1A e A S ST AR AR, 8 T AR ) B A PR A A
WA, A B R R S i, SRR I 3 A8 B KRR ST A2 AT SR AR5 170 A o

VO RRR A FEA T A5 R b, AL VR R AT R LR R S5 R R T Bl A Pk, 1 HL
B A PR AR A R A 508l AN T o — D T DA B 1) R R 4 2B AT L BB 1, 5 7
PR B R 5 5% — D5 T U R B A R A B, AR s B EOARSES PR ad A A
AAEAE G BTBIR B, AR T REAS AL B R 73 B O AE L o — AN BRAR b T4 I 07 R AR Al
BRSPS B, — RGNS TER R BESE . (H2th T ATAR, XA
Jrid— BARMESC I«

AT REART, i1 T AR RRE B 1R R R, AT TR BRI 48 45 3 R
RS IOHAY . STRE B R REGEARYE 1.3m b, SRRFERRG A 2 BT R A i —
446 (Vicente, 2003) , FILIFRAL HIAASREA (ST BRAE IS T s 2t R 22 . 1 ph 2 K MEAR 1
FORIE IR, MO LIS el R ST, T B BT — 7
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WinDENDRO £E5¢ 73 A1 2 Gt ] LA BEAT €5 58 58 L A3 B P J5 T B9 23 Ar - S50 B8 B2 (10 23 # vl LAAS 213
S EARAE A, 100 B A AT DASRAS A T BB o RSB LR AT AR B A )
Hrs DR ERATT A BER AR BUAE A A I 25 5 534 U i 22 FH B0 A I8 5 PO R AS

S 3R
Santoro A E, Lombardero M J, Ayres M P et al. Interactions Beween Fire and Dark Beetles in An O kl G
row in Pine Forest [J]. Forest Ecology and Management. 2001, 144; 245-254.
Martnelli N. Climate from Dendrochronology: Latest Developments and Results [J]. Global and
Planelary Changes, 2004, 40: 129-139.
Vicente R. Tree age estimates in Fagus sylvatica and Quercus robur testing previous and improved
methods [J]. Plant Ecology. 2003, 167: 193-212.
a7t f ) WinDENDRO il B 56 58 5 S 52 SOE AR J5A D], BLER TG K 2224 C A SR 2250, 2005,
22(4): 39-44.
FAEIR. BEARAEERS B 3h iR SR AD]. B Al ok 5. 2007.
AR Mg, MR R THERED]. S VY LW IT. 1997, 16(3): 265-271.

B, TP BITREE. BEARERS 9 5 A URAR A R R AT STt e )], A4k, 2003, 27: 23-33.
TRE, EEH. MR ANTHREREFET D] LR K £4). 2011, 42(3): 316-320.
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B MRBSEW

FHT WTIRAR B MORS Y
Tree level, Whorl level, Branch level
R/NGER AR ey
Mgty : TEbE-Ms, -, AR E
EEHIR: WA, O, Ak, e

S AR T AR
ANt Bz ?
FREAR, JOLik, [RHEM, [1ih2k i
KM, AMMekt, TirfcE, kb
ARMEEG, Okt, Ak, R E
PEkE, ARIM, REURR
PUME Il

BT BRI AR
H B ?
M s f 1.3, v=f_1.3*g_1.3*h
SEIGTEHL f_epsilon, V=f_epsilon*g_1.3*(h+3)

FUT Sk
o, AEYrEsie
fitz, WAL, W

Q3. —ToMRE, “MRE, T, HIETEN R R A7 AR SR E AR
R A?

AR

w_i = alpha*w”beta
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WS, RIR, LR, BRRALRR, ARrair,
FEIAR, SPEIE, R, MO, WA, B
WA, PSR, B, REERUZ, IEEACIERT, HIERCEY)
AR R, AR, BRiEE
BEoK, WREZ, R R, WAL, B

BN I Hb IS R
MMV RHBE AR A= 7= 2 SR
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site-specific

BT MRKN SRS
KN ClAz, Bim) . Srdh GZMdR%, Wik, Sl , a4 CERE, Wi, FPO

VU FEEREL. BRRE S A R A
FEH T TR BB RS IR PR A, MU AR, Ml b
P TH% H 93
PR B PG S R, RAR BRI, AR AL B v HE
AN REERE, N TIRASHAE, MRS I A, AR BT SR I B At

Q4. W EfARait, MOEEi, HOE R EY2 R B A7 A B MR L5 ?

INBESE AL
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FIRMNEIEAR ] HJE AT GPS Abbr, SR FRIARMIE EEIE, 7EC R E K IS5 Y
TE 25 A FORR 2 28 PSR A T8 AR AT DL

GPS ERIAAAAR R 41y WGS84, FE {4 HI IR 75 7E 1 B S F- PR -AA AR R G — b, BB % 80, 1E
HENIRGY Z 1 RSB0 8 /N IEL S, R e AR B B AR S), IR A i F 2 B ORI T
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(KR A7 A1 P IR G- 4%

HefR B 1 7
BROPR A 3 53 57000
R HOPAE I v B 59247 AR p A

(1) — P2 WAL AL, SEide e MR P R A o, PRI B0 1, SeqE 1R
Ji 10} Co 7 hn D M PR AL A A SRS AR IEAR T ) (90 J7 AL A I H ZR AL A A, FRAE IE RS 77 7] (180
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MRk 47 B, B2 2/ S 0.5% M1k .
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(@) BEIURFEHN, SO PUREHL S AN B b VbR AR B, 72/ PEH ] EARicHUR
FE I R b 3 S AERR 3 TP A AL B, 103K GPS TE N AMAR,  FFRFHUIRIEH I B B /N TEARFE SR
RFFE DU B 3 E 42 Ee ] 2 i s

(5) BB EYORFEH, 7576 DU A B AERRE . BRBERS, 5 = 1 S ) PR A Hi i
FALTT 1A
FRAERERS : FET B SR R 4, R 20em, K 1.5m, MR 70em. i KIERR R HETE, /K
B TR 5cm LA RIRH S 700, K 25em, 96 15ecm. AN (B4 5 HPUREELS . PUREE
AR S H H
(6) WFEZMFEAAMNEIAT, KU R ZIE S TT e, DB R Hoa i A

R e i 25 N 2

(D FARRR
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PG, Y BT E SR “S” BB T TR R . HER (ERERD S
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e JAE =
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Gy A R R 22
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3) 7E 1.3m PUF 45 R LA B AR B, 43 s R
4) —fLL sem 1E I .
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(2) Bl e
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T ) R i
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AXH 2 72 o
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TP
(6) HuJE 34 [l 52
SR E BORFE A, (B By RIS SR SRR . SRR A . TE
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Table6-1 Main stand diameter distribution model

N4 % | R B (Probability density function)

15t B (Explanation)

1EZS 4345 B8 ${(Normal distribution function)
(x—-%)°
Fix) = lf{xf Zm. 6] exp [ — T]
B4345 BRI (B distribution function)
F(x) = x*'(1-x)*"'/B(a.b)
Weibull 4347 P £(Weibull distribution function)

c-1 — [
_(-Tbﬂ)l

c x—a
Fy(x. a. b. c]l{i )+(5) xexp
0
5 IE 2553 A i A (Lognormal distribution function)
F(x) = 1/(v2mc)exp( — (log (x) — b)*/(2c?))

1 F6 505 A B #(Negative exponential distribution function)
bx

¥=uage
{3128 %] 5 7 A7 2R 2(Logarithmic J-shaped function)
N=exp(n-= E[_bﬂ:':l
PR 72 P4 p% %4 (Limiting function)
Nipax = agD gul

Logistic 4347 PR £ (Logistic Distribution function)
c

FO= g
Sg Johnson F{%{ (Sg Johnson function)

& i “"J’“"[{L;ix]]z
Fix)= — exp [— -
VET fx— ) F+i—xld 2
43 A7 B (r distribution function)
F(x) = Ae0@0™ Y oy
Compertz P #{(Compertz function)
Fix) = Kexp(— &%)

Richards P{%{(Richards function)

3

F(x) = A[(1 - b]gk‘]l—l_m

x RN B2 S AT M O
KB x BIbR 2

a, b NIEIRSE, 0<x<l

a>0, b, ¢>0; a NN BEZH (H
B it /MERY FIRAE) ; b AR
ESH: c NEIRSH

b A log (x) HIECEHIEE;
c BN log (x) HIbRiEZE
Y BB IR RS x Ae
s e NEAMEIIE: a f1b A
FOR BAR T AR ) 5 AR
N Bk D AR ab Y
2
Nonax FESLAR R REL D N
BEAKYTT: ao ar RBEMNS
#
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Fx) IR 2R X AR E
s 6, 1 SHEEHZE
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K A ERHREE: a 95 )
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o BRI TN, 2T FE 7N RAE BV RS> AR G A B AU, 32 0] FH AR B (Matrix
Model)(Fz%EF 1991). ZE T AELA! (Parameter Prediction Method, PPM) (Bailey 1980)F1 5%k [m] i 425 %Y
(Parameter Recovery Method, PRM) (Burk and Newberry 1984)2 4 &K . HIFE R BRI 20 4 70 ER )G
I . Usher(1966) 3 45417 i X DUR G (10 4 08 4 5 £4) e B2 A 28 50 g A 9 45 A %) AR A 2R ) el SEL B e 7.
T AR PR Y (B R B) .« Kolstroem(1992) 725 = A2 fE AL | — MR s it AR T AW 51 I 4
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(2) BRMBIESZLBIAENE: RMEEE. LHBRL ., ESIKE

ARMGEANWT BN ST ES RS, Hah SR ARIUE B L RS 7 A AR s R
PR BB AL B AR TIRMEOL N, AR — o2 b M . T AR
BUAIES, AW RENZEEE . WRT IR ™E, R B IEA A6 B 5 .

T BT WAL > G5 BB AR, AT 4 LASE — R 58 WA A A T ) ST b o B 940 5
PR T A . JEROX - R R R O B, BOEARMAE K RRETER: 3, BE AR
ARREIESL N X AMBB R RIAL T BLSE A B RRAR A S R SR RE AL R ANA E 1

60

—
50 - 1990F
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] 006E
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Nt Bz
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=l
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o2 TR N A
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& 5-1 EMAI ARG T .

Fig.5-1 Changes of each site class percentage.

(3) ARMEFEER N AENE: — R8s, —R8dE. 2R

ST AEE B2 s A AR A I ARG, FESL IR PRl AT R A A B B AR
FRIAR I e B . ] S A M B0 A7 AR 2R ABh i) A, JFL TR TR 5 S TR Sl e ol SR P v il
2 W 2 LR s RiitE
B P tabulacformis a | P armandii b N O aliéna var, acuteserrata c
3:.-'5 200 g 200 % 50 .
% 15.0 :; 150 :;
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= 4_ '{'
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% 50 Z s g
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MSD EE SA TP

20+

ge (m

H_avera

110-

2o YR AHE SRR T DL G T v O B AR E M, RABAS R T

Hig b, FAEYSE T SRR 00T DUREREA [F B b 2 18] ) 22 7 R S RS M B il i
PRI RE B, B e JE A AR S A S B PP o (H R A ZE ) S SR i L, DA S K
AP T S

QUASSI W FH . PP 7 464

FHERIR: 30 ByliAa MREE IR A B (S2Ede 5 p.49)
QUASSI Fortran iz (J£3) : http://www.optifor.cn/model/QUASSI.rar
QUASSI Python fit (XXiE) : https://github.com/gmh123-jpg/QUASSI

] 1. B QUASSI HBALZRER, PEAT 30 Bl fa pk ) Az 2

W 2. ERE SR A ML R (SZERAE T p.113) , T S 1 A R R A

i@ 3. BA QUASSI AE KIS FER B A KA AL, THET 30 BUMAARIITETEAE P2 ) (Hint: HARAER
% FEMME AR, SLRIESP p.133)

R 4 PEER A 1 AN 3 THE AR ZE S, e AR R R
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BV SRR ER

I pRiEAR

T SRR

=1 EmEIE

VU mhE S SRR

Q9. ARIHEAVETH A B AR 22 A2 U] A 14 2

# B ®

BRGE EEM AT L RIBHR

b A2, TH R ERAZ B ks B BRSE ZOME A SRR OR R AR

SEISFEL 0.45 0.43 0.42 0.41 0.40 0.39 0.38

(B E (BRIMAL TAETMD) , Beotaholk)T 9 1964)

e L BREEIEBUAE. MR, MR (BR) « RRECHR. BRERSSE . ZRRGHREM. W . #EH
Wi Tt Hi. AN,

2. PEISERRE AR EMR S BRRE, Wl REMBERITEEARRNERE, LR
KRR, A V=(H+3)*G*f;

A, VAERE, HOFEWE, G AmBim, f3 8 P Bseis .

B 1. SIS LA PRS- Ry 15 2K, FFA WAy 28 “FJ5K, M
V = (15+3)*%28%0.43 = 217 m3

1 2: DS BEILAR X FEAAAR - R o 11 K, T Wi AW 16 F 5k, &bk
XA FRAESR 11 K S AW AN 22.4, BFE N 132 377K, N
= 16.0/22.4=0.71=, FGAWMBHE =0.71%132=94 m3

B 3: Gk AT H AL, 7E BB DX SR AR 2 R H S0 R 13 oK, B A 0.6, FXiHAA
PR 13 KB &2 163, N
BAERE =163*0.6 =98 m?
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BRIV E EEW AR AR 2R

WS 2H J %
W Fh AT W 23 R
EALCZN 22l T #pR R I #pk
o P FER 20 1-40 41-60 61-80 81-120 121+
o BASL T RAS
A . s
e i A AL 10 1-20 21-60 61-80 81-100 101+
. KR 10 1-20 21-40 41-50 51-70 71+
iR AN ITIR /NN
S P52 N E=Y /N
% SRR AL 10 1-20 21-40 41-50 51-60 61+
, KR 10 1-20 21-40 41-50 51-60 61+
AIME. e JeRiAE KRS
TR ] A
AL 10 1-10 11-20 21-30 31-40 41+
, , KER 10 1-10 11-20 21-30 31-40 41+
s AR JeLAR
T e R v
AL 5 1-10 11-15 16-20 21-25 26+
KR 10 1-10 11-20 21-30 31-40 41+
A
AL 5 1-10 11-20 21-25 26-30 31+
Ay AL 5 1-10 11-20 21-25 26-30 31+
¥ 2 1-2 3-4 5-6 7-8 9+
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IR 7 AR AR AL 3500 Fob 4L By o) 2 R FLIR PP 3R

Fs PRSI FhLE

1 w2

2 PN

3 M COFRALL)

4 Bt

5 A

6 WS CEFRAER. B, B

7 LR

8 OREM (=R

9 BA (BFRE

10 M3 RIS FRRERFD

1 M CRLER e, Z0ME, SR MEAGHERD)

12 W CBELH. FRB. BB TSI
13 TR CESERUAR. iR, MR, T&hr. B M. SRS
14 BRRE CELARMN. VM. U, RO R TAAEE)
15 ANERT SRR KAT RAT. #T5)

16 RAETT CRIERT. BT .

C CBRpuE M BTEOR B AN TS EARMAR) |, BRITEMILIT 1983)
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BRFEE LI AR T R

BT MR ERAMBRE R ER . oM R REM R SRR, WP
TIENA 5 ZR T A RO A BB B, R ] — oo MR IR . — oM BT R TR M
V= G*H*f13

Horb v MR, fia 9 1.3m s TR

STk

(1) &%,

(2) ZIZ,

(3) HI%,

(4) &%,

(5) &%,

(6) ZEI%,

(7) #rilis

(8) #rilis

GEATTN

EAIJ—I\

GEAITN

GEATTN

GEAITN

GEAITN

Sl K ks, f1a =0.71900D~ 009214 —0.03059
Sl MK 41l fAr: fis = 0.68917D~ 018723 p0.10529
L X AR, firz =0.72770D~ 016039 f0.01493
S H X M, Fis =0.05243 D~ 013367 fj0.14526

?%ﬂJﬂillZ%%’é fia = (.99575—0.00885 py—0.24560

?%lhﬂﬂ]z Ifa%% f1.3 =0.6627 5D—U.18862 H—U.UU?SS

o 1L Hb KRR f1.3 = (0. 7726700010067 py—0.05273

B 1 b X 2K f1.3 — U_?8438D—U.U?453H—0.09236

(9) ﬁm\ E\:ﬁmﬂﬂ]zélﬁ;g f1.3 :0_?391D—U.2202?Hﬂ.064-4-4-3

1
(10) KAk f13 =0.53643 —0.0013223D +0.77058E—0.04633110gD

(11 HEM:

fl.3 = (0.77825p 016660 H—U.UlSQl

C (BRVEE —JCLARMARER) |, Beiia ol g% it Bidw 1975)
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R X EZRMFHD BERE ERERER (REE 1.0)

AL BE (m) 5 BT (m?) 5 BEE (m?)

W K i # ES alrka s AR NI 2 2
F BIRE aWE T
ORI i & W & W & W A i e b
ﬁ i3 i i3 ] i3 (LTI TR ;gg i )
[T &= iy & iy & AN /NN VR " =
5 13.8 45 160 50 52 5
6 31.7 128 14.9 55 183 64 68 6
7 33.8 152 16.0 66 201 78 82 7
8 354 175 17.1 77 214 94 224 106 103 217 93 98 8
9 36.6 198 18.2 90 23.4 112 253 131 128 229 107 113 9
10 37.7 221 19.3 103 25.2 131 28.0 157 153 238 121 127 10
11 38.5 243 20.4 117 27.1 152 304 183 179 245 134 141 11
12 39.2 265 215 132 28.6 172 323 208 203 251 147 154 12
13 39.8 287 22,6 148  30.0 192 339 233 228 256 160 168 13
14 40.2 308  23.7 165 311 211 35.2 257 251 261 173 182 14
15 40.6 329 24.8 183 32.0 230 364 282 275 265 186 196 15
16 41.0 351 25.8 201 32.8 249 375 306 299 268 199 209 16
17 414 373 27.0 221 33.6 269 384 330 323 271 211 222 17
18 41.7 394  28.0 241 34.3 288 39.2 354 346 273 224 235 18
19 42.0 416 29.1 262 34.9 307 399 377 369 276 237 249 19
20 42.2 437 303 286 354 326 406 402 392 278 249 262 20
21 424 458 314 309 36.0 346 412 425 415 280 262 276 21
22 426 479 324 332 36.4 364 41.7 448 438 282 275 289 22
23 42.8 501 334 356 36.8 383 422 472 461 283 287 302 23
24 43.0 522 37.2 402 427 496 484 284 299 314 24
25 43.1 543 375 420 43.1 519 507 285 311 327 25
26 43.5 542 530 26
27 43.8 565 552 27
28 44,2 589 575 28
29 444 611 597 29
30 448 636 621 30
31 45.0 658 643 31
32 453 682 666 32
33 455 704 688 33

57



BRALAR X =B A WTHR S ERERER (REE 1.0)

AL BEH (m) 5 BRI BA (m2) 3 BRUEV (m®)

TS L% (B S EE H
Wrimdl  BERE W BFRE B BME Wi BRE R FRE
4 14.1 4 9.7 28 10.1 28 15.7 42 4
5 15.4 52 10.9 36 16.7 53 11.2 35 16.4 50 5
6 16.7 63 12.0 44 17.6 63 123 43 17.1 58 6
7 18.0 76 13.2 54 18.4 74 135 53 17.7 67 7
8 19.2 89 14.3 64 19.1 84 14.6 63 18.3 76 8
9 20.4 103 15.5 76 19.8 95 15.7 73 18.8 86 9
10 21.4 117 16.7 89 20.4 106 16.8 85 19.2 95 10
11 22.4 132 17.8 102 21.0 118 17.9 98 19.6 104 11
12 23.3 147 19.0 117 215 129 19.0 111 19.9 113 12
13 24.2 163 20.2 133 22.0 141 20.0 125 20.1 122 13
14 25.0 179 214 149 21.0 139 14
15 25.7 194 2255 166 22.1 155 15
16 26.3 210 237 185 23.1 171 16
17 26.9 226 24.9 204 24.1 188 17
18 27.5 243 26.0 224 25.1 206 18
19 28.0 259 27.2 245 26.1 224 19
PRI FRUF MR B3 5 B R IR
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BT BT ER

ST RIRNAL RS AR S
B AR S EOR
= MR i AR

VU MR S E R

Q10. FMBA MG LI, MW, MpREL, B B, FaRZE A R A 7

FH AL R
PR B 2

— MRS R 73, AR B AR MR AR M A B, 388 Sk i R B e AR 0 L BB
AEat, AMAEIERS TR

M4 TR

2 3 4 5 6 7~8 9~10 11~15 >16
(hm2)
FAR AN 5 7 9 11 12 14 15 16 17 18

i

2
(7
AR HBEHLIORE I 738, T R0 R 3 £, A t——AEEMRARAR: AT EEME Y 95%
I, t=1.96; c—— AN RE: KT RBMIMIM R — A 30% A4, XF T N LR (B#RE
IS, BERN) — MO 20%, E AR E E——HXIRE.

TR ARSI E S, BRI (1) /NI AR A2 s e /N B A IR KBRS

4.3.2 MEE (F) Bk

FA RIS 8 R AT A, MRS (P BIWTIAY 230 (basal area factor, 45N BAF)
BOURTHRARRI RN T B S TR A WA Fm2 BT . 84 B AR 05 R HAE,
BU IR R AR (F) .

F A R L A5
HHa (cm) K1 Cem) HHa (cm) 1 Cem)
0.5 0.70 50 1 70.71
1.0 1.00 50 1 50.00
2.0 1.41 50 1 35.36
4.0 2.00 50 1 25.00

Rysaess, £ ESHECY 15 IRAEA K FEBREE.

FIRGEIHIAR

AL FETEER N G RS, kg, AR ORI P BT AT AR (4 e v A A
I T FUR - E

(D JUMRARBEARR TR RARED), HEOy 15

(2) JUMARBEAZSEF RO D), HE08 0.5

(3) NMMARBERNTBRATEREER), tHECY 0.
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GRMASL S0 A RIS LA PR 3R, 0™ R R, N ERAE o SR 75 2L E R BL R LA
OZENIy, G Z A —ERp, B A AIEIY], 1l R EE RIS,

QMM AL EANREAE RS o BRI A M R A PR — 2, BRI AR ST, e e
FIE R H, AH BRI IZAN S R FERETR B, O 5 A7) [l i P AR SR 580

OVH RIS HI . EH LSS REEPIRGRAEATRL, S SRBUR 2 1 1, Bz E
SR, 75 RO V)T 2 5

@NEHE I S o SRy, X TAIVIRIA A, DA ZUA N, G R B AL AN 2 I, R

50
R=—2p

SRR TR . IR, R NF L SRR A SR A

B S,

%S=R’ *Htﬂ;

%S>R’ *H%;
#S<R, M.

PR AR (7H B

RS RE R A, AR EABLEAESEIT MG AL, WREELAR G, IS8 15 W] RE 2 Y
MITD TG, G RRGIRZE

THER MG RZ TR R R MR E s, BARTERE 15 o R S ML A B B A T B H A [~ 12

r=2p

JF o AEFEB AR MR ZR T . A RN LR A RS TR AR GOV E A, AN BEREAT 42
RSN, T NARYE BARKS O, TR AR SRR, 1/4 801/3, RIS IESME RN —1, 4 57
318, MENIZ AL 4 B SRl 4

A RS v (0 5

Sy RN E AR SR AR A, JRIE MR AR BRI AR . AR AR

1) TR E MR T W T R et 87 (0 B2 T A AT 7 BT K 5 45 S R 2 A
MW AR, SRETHEAR R,

2) BASWFRIEEL 3-5 BRAH TP IR /N IR AT A AR 7, BOHCSFS5E 9 P 3 AR R0
BIW i

3) TEMRG LS 3 MR iR s R S BRI ARV E AR F A, e AR . AR AR
A% AR I e 7 VA S IR EOIR R M A

WS HEE BT D7

(1) —A/INHEA E D 75 EEE— BRSSPI T 35 EAR A AR A AR 73 BT AR HE (i
EFREA I T — A MESF RS -

(2) Behrayuig . B3 d3g. T3 . B IR AGNNE S IRBUIRFE IR 2

(3) HFATMR T R A E 2 EBUIRFE I 2

R AN
(L FA3 AN
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F R O T2 BRI RE . 317 @FE VLI 5 A B H 3 R M A3 di R b vy i K PR A
AR RUEE 100m 2 01— RW i 5 s « W8 e 5 B DR AR o R0 A1 0 520 P 0 5 PO D8 385 B A 1~ 20K
B ACHE UG BIMR ) 4F 88 o

SR . OHIFT s AHEAT ARSI . MR HEEN A RS RS Y ORI A, T 5 &% 0 R i1 24
B4 3-5 BRA, r RIS, AR, W,

C A ORI BURL, 0 R & M EFUEIHANRN . OFEILSOWN s BRI 7350103k GPS
AR L BT AR AR . DI TR BERE S TR o

(2) &4 2 A

ARG OMTFHZ SN ESE . 0. QAT AT A SN . OGS HEN f B RE
PR IARAS, B - B P S A2 (10 3-5 R, IR Al E 2-3 BRIEESAR, Bt Hude.
ISR

C B ORI BURL, 0 R & M EEUEIHNRR . QLW ST BRI 2250103k GPS
AT 5 ML BT AR AR . R AR 53 TR E BOAR B AR T2, B I LU BIRR X 4 i . @i
SR TR LRI -
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b

VIR RS F AR O3 R e A K S ORTIA (1 S Rk 1

fem

@iy 2R, 2 FmE

FEREEARL: AR, AR

BTG BRI, IRAEREAL . RAEAETY

FRRALEE: IO, R, JRA R

BRI RUEE: XK KT AR R3S ARB KT BARIKP

WA G5 5 R0 451

BAARACTFRSE . BT MRG0 78 A4 KK R Allometric relationships, - BIVELA /K (14 5 A KA

B, - o 5

H=1.3+exp(a+b/(1+d)), Wykoff et al. (1982)
H=1.3+a*D"b, Stage (1975)

H=1.3+a*D/(b+D), Gunst ad Mason (1980)
H=1.3+a*exp(-b*D"c), Curtis (1967)
H=1.3+a(1-exp(-b*D~c)), Huang et al. (1992)
H=1.3+a(1-exp(-b*D))~c, Richards (1959)
H=1.3+a/(1+b*exp(-c*D)), Pearl and Reed (1920)
H=1.3+exp(a+b*DAc), Larsen and Han (1987)
H=1.3+a*D"(b*D”(-c)), Sibbesen (1981)
H=1.3+a*Hdom”b*(1-exp(-c*D))*d, Guo et al. (2019)
H=1.3+(a+b*CCF+c*BAL)*(1-exp(-d*D”"e)), Guo et al. (2019)

oAl H WA MR AR SR RIEAT e -4 24 2K,

&

K-wEAal, WEAR, AERAs,
MR LM ISR 8 1], MRS PR E Rl 2R 1 A 0 & 0 B 3l 28 AL
MRIF KPR AR
W - AR A2 A 2
EYE AR
HZRS AT
N LTARFTR SRR = KX 51«
WA itk vs. IRALS
WEZH: B2 vs. BE

UL RIS vs. Fpld

RO GRS AAL R AR B N T (), (60« BT (B, BP0
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B, WorBEFE=2% Weibull /3 1f:
f(x)=(c/b)*((x-a)/b)*c-1)*exp(-((x-a)/b)"c); x>=a,b>0,c>0

Characterizing diameter distributions for uneven-aged pine-oak mixed forests in the Qinling Mountains of China (Sun
et al. 2019).

f(x)=(c/b)*((x-a)/b)*c-1)*exp(-((x-a)/b)"c); x>=a,b>0,c>0
y_s=f(D_qgs,BA_s,N_s,D_q,BA,N,H_d,RS,D_qgs/D_q,BA_s/BA,N_s/N)

b=-a(G_1/G2)+sq((a/G_2)"2*(G_1"2-G_2)+(D_g”"2/G_2))
bA2(G_2-G_172)-D_hat_var=0

ELAR AT FIE I Weibull BRECRSEIL, MR T FEN

- aoy Pa-l sy P
f{x: By Faq B 3] = (;_:) (};'21) Exp [— (L;T) }

oef, Po, Fo e Fas iy weibull AR HRTE . RIERTRSH, x ErorAklg. o 8s% P tlige

[ € {5 5em, REEINARFT TR 2T TR 4R 0075 22, RAAEAL T 2 8e i i 5 2ok SR AR
WS Wi ZrREJ Oy

Dyar = exp[by + bz In(D) + by In(TBA)]

AR Dvarfos it )7 2. S8k ] R0 Ai sk # 0l )7 (CDFR (cumulative distribution function regression) ) [

FrEHAT I, EAARIA RS L Cao (2004) ) SAS (Statistical Analysis System)fCi. Pz F1 P sz s mlliit

FEN:

, 05
Fo=—F1G/G + [('3 1/G2) (G —G2) + DE;'GEI

By (63— Gi) = Dyyr =0

G RT (1+ i/ B 3). T (35552 gamma %K.

Table 3.1. Regression equations for diameter variance (D_var) and Weibull parameter c for pine-oak forests.

D_var(b_i),i=1,2,...4 / c_j,j=1,2,....6 R?
All exp(b_1+b_2*In(BA)+b_3*(N/1000) 0.5344
exp(c_l+c 2*D gtc 3*In(BA)+c 4*N/1000 0.1908
Pinus tabulaeformis  exp(b_l+b_2*In(D_ql)+b_3*In(BA_1)+b 4*(D ql/D q) 04682

exp(c_l+c_2*D_g+c_3*In(BA)+c_4*N/1000+c_5(D_ql/D_q)tc_6(BA_1/BA)  0.4001
Pinus armandii exp(b_1+b_2*D_q2+b_3*In(BA_2)+b_4*In(N_2)+b_5*(N_2/N) 0.5227
exp(c_l+c_2*D_gtc_3*In(BA)+c_4*N/1000+c_5(BA_2/BA) 0.2250
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Quecus aliena

Others

exp(b_l+b_2*D q3+b_3*In(BA_3)+b_4*In(N)+b_5*(N_3/N)
exp(c_l+c_2*(N_3/1000)+c_3*In(Hd)+c_4*RS+c_S5(N_3/N)
exp(b_l+b_2*D_g4+b_3*In(BA_4)+b_4*In(N_4)

exp(c_l+c 2*D_g4+c 3*In(BA)+c_4*In(Hd)tc 5*RS+c 6(D_q4/D_q)

0.5256
0.3397
0.5782
0.1069
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BT —F MRS EK

B MAREKESERKR
B CPAERKESEFEERE
= WRAERITE

SEDU ACIH R IS

Q11 MARAER, ARE, ERTENARR LAY 2R R A7

WM, K&EM vs. NMEtt
KARIBH, KIEM vs. NMEM

Tree species composition f(mix)
Stand structure f(di)
Stand density control N/ha
Stand stocking control BA/ha
Thinning and rotation Thin%
Forest regeneration R(zeta)
MR KB 1R AR

Metabolic Scaling Theory Uil il AEKIW  (3/4 D)

Metabolic scaling theory (MST) shows that the rate at which networks deliver energy to an organism is proportional to

its mass raised to the 3/4 power.

In(iv)=a_t+alpha_t*In(v)
B=B_0*M~"(3/4)

Equation set of forest dynamics

| wi = a-wh The allometric relationship of tree structure
I fld) =f(A,S,D) The probability density function of stand structure
1 Iniv=a+3/4:Inv The metabolic scaling theory of tree growth
IV InN =a-3/2:Inv The -3/2 self-thinning rule of stand density control
V R=a-BG+yS The gap model theory of forest regeneration

FRAkah &

| wi = a-wP FRA S AR e

Il fld)=flA5,D) PR 45 H R R A B
1 Iniv=a+ 3/4-Inv WA AT AR R R e
IV InN =a-3/2-InV Ay ER PR

V R=a-PpG+ysS AR Frbk E PR i
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B9 MeshSEK

B T ARE SRR AR
IR, A
SR AR, AR
RN, AR>Sl

S ORSHE SRR K
EARHE, AREHEAR
FR MK
Zougiit, AR&AEEIA
I 18] F 310 73 A

= BRI E A7 M
A ALY, AR A K
MBS, FEert, AR

VU fRbi E SRR
R MR AR A Y

Q12. fil AT AHE AT LASR AL b bl AR = AR H 8045 B ?

Pk g P S

PG —: Aibk CERRE A BITCPRBEIRA A ERE, AR K AT S H 80U, exponential 57
N(t+delta_t)-N(t)=r*delta_t*N(t)

dN/dt=rN

N(t)=N_0*exp(r(t-t_0)

BIS T aibk CRRERD A R ZEIER N AR, B SOEE IB AR I Logistic ALY
dN/dt=r(1-N/N_max)N
N(t)=N_max/((1+(N_max/N_0-1)*exp(-rt))

IR = RIRAER RGP AITEGFE, Bl Lotka-Volterra 445 R G
dN_1/dt—r_1*(1-(N_1+aIpha_l*N_Z)/N_maxl)N_l,
dN_2/dt=r_2*(1-(N_2+alpha_2*N_1)/N_max2)N_2.



MARFER

ST B S R IOMOR AR KA, MRS . SR MM R S HE AR BN B B B
FHORHIH . BEARFF 5 DI ARER A RT3 A 8 4, AR idd 7 KRB 5 EA SRR, feigifhe Bk
H#, MR 268, SRR L FE (3 2022). Chen Z5F A B4 % 4R R EE T 1691-2006
S [ R I B 7K IR 3k (Chen 2013) . BR T BN Z2 M ARG B8, 18 1T LA GSOU IR A 241 i 25 /9 N T+, Helama
LB FURR R J B0 200 5 R SR AE 9 K 1L R B A (Helama 2010) . BERSERE BERLBCH TE SR RGI . 0 P 5y
P, (ERMARERTFE RG AT MARERT AN EEN R WM. B, XS
IR AR B B A KARGAN KR B R . Wagner 55538 BIBOE T 1A RGBT HFM T, 3 BIMATE
7 5 IS TR) 5 B AR RN i 2 (Wagner 2018) . 25 SCHAIE 78 X5k % i 724 (Pinus tabulaeformis) & 3% [E b 7 #b X 3 Fig K
WIFRZ — S TR ARG A K R FE . RER E 55 D7 THI AR FH S22 (XS 2009), BRI G0 066 R -1 B UK,
SRR O TR AR AR 22 (I SR (B 2022) .

SRR AR AL GORLR R A K HE R BEACEREAS, XM A, ARG, ASFRZOR AT, A Xtk
AR L J T B3 1™ AR o A BTSN S B AT IS ACS A AT AR 0 B, AU Fiade FH ) 72 n =
K REGENT A ][] WIinDENDRO 4273 HT R4t TN RG /- NEM RS WA RSEW M, W RS
T2 A R AR AT AR I E SRR R, T A 30 2 D) AR A5 B4 8 R i 0 L dE 47 70 A I SR SE 56 5040
WIinDENDRO 1] LAE G 73 i R p kAT 28 SUE A, BRI AHOQ B AR 40 56 B2 th et AT xr b, 456 BUR B AR 4 40 0
DUBE T 0 & A1 5 A E5 1% (T 2005)

I 18] 32 510 20 A A 2 P K L

B % K 2 U LA SRR 2, 9 90 N BRI 1 51 57 77 VA P bl 2 A kB 65
B BB T4 LR P S, TR 6059040 7 A S [P AT OB . 4890, B b
A LETRURE, 600 R BRI AT B (LRI 96 2013). T AN I 1040 HT B o M 1 91050
B U0 SO H A R LI S ) 51 b 2 MR (U 2012). SATIIZE RO S0Py, (A4
S I 40T RV NS [P S PR 15 8, A2 L IR KRR IR,y 7 e A L 10 25 fk
HUAE, M 1920 4ETFER, BHESNITEROR SO G R S T 1 B B 1982), JHARBFAL M LR
BT S ATERIRIE R b, LRSI AT LA T (% 2012), R7E LA 00 4R, ERSES A
(BN FUAM TR T7 3, B T SRR A B K RO, WARAN ARG . PRI, BBV MR K
AT T WMDY 1989). SRS NIE I L 40N 1R 1A BT 0071, LT MRS A B A K 5
QEFAE NN T, B T A BRAER CAR B, WX B Kt 47— 4 (R R 1999). X
ETEB AN R, RO E L ARG R, BRI AR TR K, e
Ao JE AR B 7 S 2 5 A TR T 0 B 7 — SR (U 2007).

FRGEIRIIS 8] PP 5 3 A 7 i 1 BT A ik $R O IBESE, N Tal e VER 18] 3 51 i) 70 A . BEE 5 R A
Wik e, A R R P 51 o i B A A A5 ARMA BEBURT ARIMA A58, FLFUIIDRS FE A 1R KTt

AR [ AR A A0 B 1 B o

MARKAE RS URAEE AT DERR, TFERETERERL, WRKERBBRZZRE, WARRERE
AR A AR A 1 T S22 T RSN A BRI 7E A T2 —(ERE TS 2020). WEFURH], AFEIRN THRE K
(315 S AN [, S S A KRR T i T e, (RS R AN B IR T R R B S (k. 2019).
WEFN U DUAE T RIX, T RA R R AT 24 I E B REBIR, I mA 5 m A AR TR AL
HAAFRIRE . BAN, HAB SR T, WEEMEFRE, RGEERENRER R, FEEN R, RMmE
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A RG0S ABAS A R B T BE 2 R AR 028 (Griesbauer 2012) . ST R EH, AN [ 25 20 1 4 S TR ot A= 1 T
JRYEAAAEZE 5, ARSI X B FA B FORRAR Xo 25 JX 5| e ) 8 7K AR Ak S BBURK, T e YA R U IXC PRI M AR ot 4 37 T AT 3 7
T8 B2 AR AL S U (Liu 2014) .

BEAT I 5] Py 51 4RI 7 22 S0 e S AT PR VAL I AT (A R AR A . — AN PR R R PR A (] 3 51, A KA
MIsfE . T7Z G EAEARVIRE R AR, RIBEALAZ A B SURIUIR BT — e A AT IS, XA e AR AL
A (A 3 SEANBUIRHED AR SR (R (L 2016) PRI, X P AU EAT P AR PR G RE JEAT T A R R L — 2. P
FAVERL IS — RO SN P, YR BB s e IR WP S A s —Morik
A E ARG, AR B GRAE I T 51 A 75 P AR (RIS 3 2009) .

IR A I ARV E A 3, AR SR e S SOV AERE L 51 . dn R — AP AR AERE L 51, A ERIP 5
EZ AINAZ AT AT OR G 2R, SRR NAN[A] (1 Ks 56 4o s BERL BN IE sy, A X S8 et e iR e A5
S ARRHEAT N o 11 MR 75 A58 AN T A SR AR AASL 962 P B8 75 A AR ST ST AL, T L AT AR A i x ik 22
TR, ARYE A T SE U A s B WA R (A Rk . FEREAT AR A AR IR, B TR P A IR, 3l
BENLF SRR B AR R A S AEXT A% . FTeh, BEFFIR BHRREE AL, SR T 2 fhhsfizE
Z WIS, ATEGANE AR5 .

F B FIAL B e Fi i P FLREAT AR A, AR T B K [P 51 AR 7 AT

(1) fal AR AT IET

RACTRIE AT IR, A BN 18] 50 B0 2538 B Reoe MERTRL U - DR Lk ) 270 T 4 45 B b IR 54 HE 3 5
WABILHE LS, ERMREE LR SR HaL AR, DI BOR R BUESOAE S i B0R L.

YBECFE R T BB BCTIEAE, BCE R BIRT [a] 7 A0 S0 AR T SR X B R A AR SR IEAT IO . I R EE AT —
FIFEECTIE L R A TS bR WA 5 57— B4 B E R I BCF Y . 6 S48 O i EE T 3%0F B B A a1y
4 () B % (Hyndman 2018)

(2) Holt PiZHIEHCT- 1%
S b, IR B0 H AR AL E R A, I A AR, Holt KR R BT kYT R SR AT
HABHEIE, 52T Holt WMSHERECTHITE, 1ZI0EW I TX& A LB a8 5.

HIEAR AN BB IA A HBAE R, RIRRI s> v ZerEass, AL t W HE N % 2 25
t-1 WK SEBE 5 R B e S AR SR RN AN . SR SZ BEALIR R B0 RE I, AR AR S (B Sebr E AR RN vy 1%
EB AR EA AT BN Rsiz ., Boa sy a2 — ALY .

(3) ARMA #7Y
ARMA 1T N RN H BIAFE SN FIgMETY, 2 B s H G PRTFIRIA T, algl4ry AR HET. MA 1T
F1 ARMA T = K2,

AR BERIRN E B 547 (autoregressive model), HEIHAFP) “ H” RPIZEEN R T H S TREE, %558
(RPN Jir B B T H AR AR B s A B A o B AR AR AT T . MA B RIS Bl P 2158 (moving average
model), FHJF PR Py s iR 25 ok i S — AN R LB AL . ARMA RS RL il 2 0 22 43 F0 B [RS8 DL K A%
B PR 2 A RS R
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Forecasts from HoltWinters
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Forecasts from ARIMA(1,1,0) with drift

(b)IHFA I 5] ARIMA(L,1,0) T %]

69



BT=% @hERKER

A AR AR
B & 1 59 oS i
= R RAR Y
SEDUE MR R 1

# B ®

Q13. ZRMERIE UL 5y, it ZE VRS AR 2/ DI/ A K

Table 1. A classification of growth and yield models (Cao 2003).

Models of stand development

Definition and description

Whole-stand models

Density-free whole-stand models
Normal yield tables
Empirical yield tables for average current stands

Variable-density whole-stand models

Predict current volumes
a. Explicit models
b. Implicit models (diameter distribution)
Predict future growth and volumes
a. Explicit models
i. Direct growth prediction
ii. Stand density prediction
b. Implicit models (diameter distribution)

Density-free models assume a predetermined stand density
development over the rotation. For a given species, site, and
location, stand development is a function of time only, and
follows a predefined trajectory.

For a considerable period of time, these models were the
prevailing basis of stand projection and they still are used in
practice.

A relationship between variables is implicit when the variables in
the equation are defined and the dependent variable(s) identified,
but the relationship is not quantified. ~When this relationship is
specified, it becomes explicit.

Diameter class models
Empirical stand table projections

Diameter class growth models

The diameter class models separately simulate the growth in each
diameter class by calculating the characteristics, volume, and
growth of the average tree in each class and multiplying this
average tree by the inventoried number of stems in each class.

The two diameter class methods are distinguished by whether
actual radial increment data collected from the subject stand are
used to model the trees or whether generalized growth functions
based on research sample data are used.

Age/stage-structured models

These models are based on grouping individuals into cohorts,
characterized by the age, size, or developmental state of an
individual. Tree growth is described as a transition from one
stage to another.

Individual-tree models
Distance-dependent

Distance-independent

Individual-tree models are usually grouped into two classes:
distance-dependent and distance-independent, based on whether
or not they utilize information about the locations of other trees
close to the subject tree.

Process based models

Process based models operate on a representation of the
physiological processes of the tree. The structure and resolution
varies but typical processes included are photosynthesis,
respiration, allocation, and decomposition.

Source: Valsta, L. 1993. Stand management optimization based on growth simulators. p.11-13
Davis et al. 2001. Forest Management. p.186-187

Formodels - European Institute of Planted Forest (plantedforests.org)

https://www.plantedforests.org/formodels_database_forest_modeles_liste/

70



MR R AT 19 14D 80 FAVKITER, M THRAURMEKE S ENITE. W5, S8 ZM
T MBI U SE B o 12 MR TR R B F AR, A MR mT L) DAy ] 2 S PSR TR AT ] A E AR Y
E [ 52 5 L MR e, SCAT DAL RO 7 BAT (K 5 RS BBl T 1, 0 IR GRAE R (R HORRD
MARWPGREER (BPEIRUERED .

IEF M ARG AR (B BN 1.0 BUSISLARE)  MRORAEKAR B HARRZEM I B0 B S Mk 7. X
PR IAESE — IR T, WA ARKFIEHE . ERERA. KIEERD &3 ZRE R 7E KRN
B, PRAFIEHGRER (normal yield table) o DABLSEARZY AXT G, DLSEEUMR ) o (1) BAT P24 3 BRSO AR 23
Srb Frgm Bl sGRE, RIEZKIGRE (empirical yield table) , ZRFRIEILSLILRE

Bl MR R . ST IR PR R A, AT DR A SR T e MR TR MRt AR
MM R G A MR ) i R AR 20 7K B AT (R AR 1, i LK — B R S5 2 I 3t 1) B 2 A
GBI . A BORAEZRIE AR XA B i B DI T ks OBFEAESSE 2017, Tianetal. 2020) , ¢
ifs CEEREIESE 2021) , DASOE AR KR (Yang etal. 20200 AR5 FE MBS IF R . T BRI, IX— MR
ARG ITEM T4 M IR BCE R T DU, AT AR MR OERER, (R ANEH T4 € SR

HF R LAREMRS R EE (N 5FME (D) RER, KH Reineke (1933)IMR 42 L840 (SDID SR
R FEIEEAR N B 5w AR . AR B T T AR T RN Y g 42 A R R H 7 Schumacher #7 (Schumacher 1939) )4t
ARGERE, IR B IR 2 T AR W T AR 5 P S B AR i o0 RAEST k. mI AR B A MR A R B A =R

SDI = N-(Dg/20)*!
BA = ox-Hdom®-exp(-a4-(SDI/1000)*/Age)

N = 40000-BA/(n-Dg?)

b ospl M AEEL Dg M- THIMAE, BA MR IR, Hdom MM E% i, Age MRTEEES, N REA
PR ECE S, ol-5 FFI & 24

(a) (b)

gt ™ 3000 4
Initial density = 2000 g =

SCI=12 Initial.density
-+ 3000

324

T - - 2500
304 i
el --- 2000
20009 v -
vk --=- 1500
284 ;

— 1000

264

Stand basal area (m2 ha‘1)
Stand density (trees ha‘1)

1000
24+

20 40 60 80 20 40 60 80
Stand age (year) Stand age (year)

K. (@) ARMAFIEE TR B KSR (b)) ARWILEE LT AR SR
Fig. (a) Development of stand total basal area on different sites. (b) Development of stand density with different

initial density.
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AH L AR SRR, BRI B S5 KD RE, JUHS T i R A K 5 AR 0L, (E2 AR B xS
TR A B R s . R PR R Y R G T R A S MR BRI AR AR R AR R R alb R K
WL BUORAFIE BRI 2 A KA (Vanclay, 1994; Trasobares et al., 2004).

FERT I MR AR RS, —SSFEAERMIE TP REAT R O tF RS IMR, 5AAE M
T 0-1 5 AT AL W% R B AR T 5 20 THEAERR AR AR KB, JRIBIBE R s 30 MR A
UG s 40 TRONRE S MR ISR . AIAA MR AR s 50 AR FTI0 POt S A KSR o i B4 i v

Tian et al. (2020) & T =Pr B BUETT A B AR R SE, 456 WA MG, DL 5 2 it E)[a] ke A T
B AR A HE A A BRI R R B S A TR A AAE R A T =R

I
f

w
L

5-year diameter increment (cm)

5-year diameter increment (cm)
N

o
1

10 20 30 40 L
Diameter (cm) Stand basal area (m” ha ')

(=]
i
(2]
L

B
L
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L

»
1
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L

5-year diameter increment (cm)
w

5-year diameter increment (cm)

[¥]
M

(=]
L

BAL (m? ha™") SCI (m)

FET REAEHE 5 A H DA ) i A A A R U 7 7

Fig. Comparison of individual-tree diameter increment predictions based on simulated virtual data and

increment cores approach.

H BiARS bh o) BE

#it: Reineke 1) 1.605 H i RE(5 Yoda -3/2 ¥EN],  BIAR 37K (1) Sl AR KRR A o
In(N)=beta-2/3*In(V), (Yoda et al., 1963)
In(N)=beta-1.6*In(D), (Reineke, 1933)
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oAt SRR -

In(N)=beta-2*In(HT), (mitchell, 1975; Garcia, 2009; Burkhurt, 2013)
In(N)=beta*(H-1.3)/D, (Vanclay, 2009)

RS=sq(10000/N)/HT, (Hurt, 1926)

Gmayx, (Assmann, 1970; Steba and Monserud, 1993)
dN/N=-2*(G/Gmax)*n*dD/D, Gmax=G*(1-(N/N_0)*n)*(-1/n), (Vanclay, 2010)

5 ¥R B4 9% Distance-dependant 3% S 165: Hegy 153

5 M5 554 Crown competition A J<[{845r: CPA, CCF, CR

(a) larch V&MH-FAZEAR (b) pine-oak FARRIEZZHK
300 &
\k thﬂ&\ & L = : —i‘i‘wf& <
200 pgis 3 & e < N =t - £
< = W TN g e N AL
\\A ’<’:§§ < S 2 & - = 2 = X 7&5;
5 e s s S
o :‘m\ P > ~&y D i e \C =X
Y = TS D e Wl S e G —X
% C 7 A S 7 P\ Z D=7 A T
@ 6 > -~ g el s E o - i AW S me
T% - — : ,WSQ/ < = ”’M -; 0 b 7 ;;er\-% _ - \
L>§ 40 Z / />‘55‘Z < ,—4' = s 0 W%é)ﬁ e C # ' i
:§ 30 ,""' _./’ > < //» al > d 0 5= 30 "h« 5 ‘ ,”:’ \EV\"‘“—« 1 0.3
» £ P - ><:.{ el /# Pl 20 o2 - o = i — - 5
‘,” /—’ = ; . ) oS ‘—_,. "_,— s ~— 2
e s e TR 22y M < 8 =
wwc . y3 - - PP ———— 2000 100 200 300 400 500 600 700 80O 9001000 115

#4355 BE Stand Density (n/ha) Hh4r®E Stand Density (n/ha)

. PR3 P i

PRG35 JRE 4 ) PR £ 2 1
FEXUS HAE R A logN-logV 71, X BT AR EEr . 420, AR 8 N, s — DX R AR B A A
Vo RN VIR 2 S, G 2k, RS RIS m . SFEAR .

FEXUS AL BT R logN-logV 71, A B R FELAR Y . R LG, ARIC— MR AR N, AT — 3 LAY
M BEREE V, BN VIR R S HA, JERCTE L, (e b i R R L, RN 1 &SR L
2o [RII AT DAL 4% S P 2K

R A FIVE S E No, 8 ASRAFH) B AR R A o, AR M S AR N, T — DX R > B A Vs
RN VIO 22 5 3o, JER T 2k, (ERI15 2] B R MLk -

2zt 5 AL T RO B A bR R v, AT DAAS B8 R N AR ) LA i o LSRR BRI AS AR R AR 2
Bz I

ME AT DU B A BN THRS KRBT R KB E LRI R E R NIRRT R, X &HT ALK KRR
MO A IR R o 70 2 d KB LR INE, V&AL TR Yoda A b Z801E H-1.483, RIS N-1.304, 4%
IEF 1.5, X2 3/2 .
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A SR T ) B R AR

ZIGHET. DBH, H, Age, Cw, Cl, Cr

MBI, BEALIAE, TREAR, MRIKP
FHEA. g b, IR, EBKr
BORKEY. Rgihbe, —REER, BAKF

SO AR AR R, K
UE S C TR RN I PN 51 P R E 4 E

SR PR A T RIS M. W, Jdie . MR GEERD  REE. WOB . a0 SR,
B SE 3 R B AR TR AR G oxt Bt (1 BEOR 00 7™ A%, BT 206 i A BH el o i B R st A D IR AR LABRAR,
HRZ UM HE: BOR TR A R R A KE (em) 5 BORTERAAE RIS AR (R/RAED 5 feEd
KJE MIREF W B M. Ik, i R R, 5 Bl ARACE A B E R, IR TR, AR

oA RERRB IR . By T, RIS Y SEE TR ORGSR, SRRt SRR AR EE B T A2

SRS IR A AR BRI A P FT A W) 2 e

ol HIR 5 X
ARARBHZS TR
AR TE BT B
YRR A2 HAE H
oy S5 AR A,
MRA G AR A,
WA A HEAR AL
I3 I H 3%
IR
e HERI FH 2%

afipk TRAS K
Bt —: A=A 45% Production Ecology
WA 7777 GPP = B A 45 * R OB Y5t (1) 350 40 * SR UsOR) FH R
TR H A AR NUE
K5 RAFHZ WUE
SR ROF H# LUE
RS S5 RI-ThREE 241 Structure-functional complexity
Moy kAL S APAR 4L
LUE &5 Crid

MRSy 35 FEERE WUE (520

Hit=. SMESRRAS
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AEEERRGME IR,

MR MRk R RG TR ST A
ERERRGMEESE.

PLHBM R HAMIE T m A E L
AEEERARGTTEESL

HEERGHINEIINE . BURTE. AREE. BE N

EMEFEE => RENESRS => ESKE
ERNZRENE => R T => BRMBRIC LI RE
EWZRENE => S5 => S RGRS

AMESRG W MIRIR AR AMRER MR Wraitly. WA, RWEYE. BV &

MM BRRRSR ARAR LI BRMOKSC. FRARAERR .

Mo alithy: MRait) => KANZHENE, WmEmai = dRZHE, FREi = REZHEE
MIARBRAR: fEIAR = ZHGED, SRR => L5

BosYIRh: MfRshi, WAL, SRR CEED  => BURMIRhE R

FER VIR R MR, BEVE, MRS, RIS, R AR R

TR LR WY, LR E, S0

A
REH/NBIR

SR E

EEBRG

YR RE HAAKF

Wk RE .

Cd

alpha ZHEEME beta ZFEYE gamma ZHENE

B ES B R RRERT
=P B (IR ARG E D
AT ARG (B ARG RN

HEE ARG, REUZHr, WEEMERE, KR, KBERECE M 28 TR (W)

RGRTUA I R => )X ARG8T SR R
BEHLIERE 5 LSS => I [a) RS AR R GemT SE 1R 2

HE L A
LENJ LY,
MR E T,
Je S
CREHEZE: (Sietal 2014. SAS BAEHEFLHTR )
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Stochastic processes [FEHLIT 2

HRERE: A N PUE 7RI TR A SRR R
SRR SR IR R R A S K HL A R 73 AT BE AL A &

A R e A [E] L PR A o A A2 3 A4
FEFFUGEIA AR SR A Y ARRR S P 4

PR A By kB R A I A XA (0,S] RRIARE, AR AFEE AT AR A T DL B EUE R IR
A X(t)
RIRMBHZA TR

Tropical forests #7, FAK, 300+ tree species

Temperate forests Wiy, FABRIR, FAMERK, 30+ tree species

Boreal forests JLF€H7, =AM, IR, 3+ tree species

JRAGHR, @lhn, Db, VEXURZN; RIRRAEM, BARJERAER, #il, ik,
63, REM, NTHAR; JBRR, ANTTHK, gitk; FBR, N TIRASH: FE, RIRKAEK.
PN YN RS IWARSE 3 =W

PSR E

HBHRAES RGRETSHLEY Vulnerability assessment of forest ecosystem
T-EHhE, RN KR A WUE (952 => B Fh 2 a2

e FAEE TR
Sp1l delta_D*100% delta_D*50%
Sp2 delta_D*100% delta_D*95%

K, Windstorm/Snowstorm => FJZ 45 K 1 /PR et 45 1) 1 2
Bk i, RSN T KRR RE => PR S R A
EESER

TR H/ZETT => FRMRAE D21 U e /A 0% 2 A 1
HTERRCARR => W 2 s 2R A R 5 ) 1

B, kA KNG R ERZE Mor = ao + a:-Dg + axH + azAge , HH Mort NEZPERTIZ, Dg P42, H
FHE, Age £, acas FFINASE. WRFBEERIRHIRZER, WHAEL MM BT IRIE N Mor, =
1/(1+Agemorexp(-B-Age)), H:A Mory AELRMERETIZ, Agemor MWK K/NEE RESF AR IINIEIG LI R ERS, B A
EBH
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BB ST resistance S5ERMFIPE/1BE /7 forest resilience
TEHa 1B E 15581 Resilience analysis of drought impacts
Pre-stress, Pre_st

Resistance, R_t BAI

Resilience, R_s

Recovery, R_c

Post_stress, Post_st

drought Year

RAH, WRPELAN, ERETES?
TRAS A Rh AN S
B, PRARZAN A 5 AR SR T 54 4 B 7K 0 A 2R 224K

e.g., BAl vs WUE, increment core data/climate data

RIRMMA LR B 5224

A2, ke, BZ

CRRNALRR U EEH . MRS

FIRMR B PRA L5 1)

715 X R e R A/ AT 4 A P R )

S o R v A/ T 5 ) S )

AT X 8% v i 4/ T 2854 ) 52 )

VRAZ FE ST W i A MK R S5 A B BE,  tree-by-tree mixture vs group-by-group mixture

Rz WA, R vs &1 Hp
B, increased
FE A, decreased

W&, R

afipk TRATHR
R delta_H_sp1*100% delta_H_sp1*(1-10%)
] T delta_H_sp2*100% delta_H_sp2*(1+2%)

Wl e s #), Site effects? Competition!

RIRMREIARIR AL T T

FR IR TRAZIR IS AR 141 triplets in Central Europe
Silver fir/Norway spruce,

Norway spruce/Scots pine,

Norway spruce/European larch,

Norway spruce/European beech,
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Norway spruce/red alder,

Scots pine/European beech,
European larch/European beech,
European beech/sessile oak,

European beech/Douglas-fir

REIRPR I RRARAE P

LUE, R vs NTHR
WUE, RIRM vs A TAHK
NUE, R vs NTAHR

P1+P2 = P12
P1+P2 < P12
P1+P2 > P12

FERSRT A IR BN SR, TR vs AHXT AR
T1(young), T2, T3, T4(mature)

T1, P12 < P1+P2

T2, P12 < P1+P2

T2~T3, P12 = P1+P2

T3, P12 > P1+P2

T4, P12 > P1+P2

RIR PR B 5 7 45 36 % 00

R HL Al

ME T % The gap model theory

PR FT K B4 Wave properties of forest regeneration
R385 XoF BT ) 52 ]

75 X T IR S

AN FIAG 4. Density-dependant, Species-dependant, Site-dependant
A EIFRM Prediction of ingrowth/recruitment
R =a-alpha*G + beta*N

R =a- alpha*G + beta*S
R = zeta*R_max*f(L)*S, if zeta<f(L)*S

RIRMBETIEAE TR NFL Bl R EE . MisiEdE . AR EdE . RSEdE. SR 8dE. S &t

KR SR 45
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BTHH TEEKRER

RN FRAR Y
e 2206 22 M| PR VR A i

]

21
AT %é}f@%’”

VU bR 5 AR B

Ql4. Wt E ﬂﬂiiﬁ’]{ﬁﬁﬁa A I 1 2

C o)
L)
%ﬁ?

oy

Farquhar Yo & 1EH A
The Farquhar et al. (1980) biochemical equation

4 = mingVem (G- g‘))
Ci +Kc ’(1+(K )))

o

(C,-1)
C+2-T"

N )¢ )R,

An, net photosynthesis
Vemax, carboxylation

Jinax, regeneration of ribulose

Jmax Fl Vemax 3235 BRI, HIX—38 RAHN AR AP B R IUEE -

Ci, ambient CO2 concentration

Oi, ambient O2 concentration

GAMMA*,  CO2 compensation point in the absence of mitochondrial respiration
J rate of electron transport

Ry, rate of mitochondrial respiration

Kcand Ko,  the Michaelis-Menten coefficients of Rubisco activity for CO2 and O2

= BT ER

AR BT 7Y A carbon balance model of tree growth

W_r =alpha_r*w_f
W_f =xi"*A_c’zeta

dW_i/dt = G_i-S_i

G =sigma_i(G_i) = (P-R)*Y~(-1)
R_m=r_1(W_f+W_r)+r_2(W_s+W_b+W_t)
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G IMARBAEKE, IMRENARFRBRE, PIICEIEHAEZE, Rm NERFFRA/EH, RIGTIIEHERE, Y
NEALIRIF, PO NEAN TR KRG AR HZE, N ONFRAMARRE, KAENAERE, Ly mRiEs, w N+
H, rl. r2 AZKSH

r
Figure 1. Schematic representation of tree structure as applie:
in the modal.

BE VP The pipe-model theory

A_i=alpha_i*W_f, i=s,b,t

W_f = alpha*SW_cba

Beer-Lambert /4 /] The Beer-Lambert law

P = P_0*(1-exp(-k*L))/N

BRI TG : PR, i, R, P

BES DT = F1 772 Three primary approaches to carbon allocation
E B Pipe model

BRI, AR AR - 8] 5 TE A
PR Roots + 1 Pipes + M Foliage

I fE 4T Functional balance
DR PATER IS NN, TERERIAERISRE S, FEREAIRR. Hlan, B EE SR 23RS R E R — e 1
tbfsl R

14k 5> %) Optimal partitioning
TER A, PRI SAE AR A 50k () 2244 o B
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AR AR TR A oK

ENLZM, B HY .
KEEHE (wue) |,
TIEEAE (NUE)
HAE DS (Lue)
il =S E (vPD)
ANDYENAEVES: FER

Zl: N OptiFor AR AR MBI
OptiFor Z2£hR http://www.optifor.cn/model/optifor-setup.rar

P 1 Gl Beit 1-5 RIERT &, BRATHSARM M EABIC I E CBRUAR O, IrBlR, BRICHHD

W 2: AL % (Hint: (A KEL, (AR a], (AR, THEAA G AR A E AR E (BRIAARH
ks, LR, BILMID

E 3: LA 10%, 30%, 50% iIGHRICATAS, HEmIL k3R T e s B E e ).

—— Assumptions -€——

Y

Operations
(e.g. algorithms,
coding, running
the program)

b

Results

'

Implications
1

Y v

Direct Validation
Consequences I

of Assumptions
|

Interpretation

\

Prediction/Understanding

Y

New Model
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SRR A

KR - AR
A - AR
e - ARb L

URAE MR AR B

URASAIS RN IERS [ ol
DR _EARMREL A2
URAAL T B L AR
oy R AR K520
TEREALEE R AR AR AR
AURASAL TR AR V3 B PR

SURAAL 7 15 b

SURALIREE: R, WA, BEHLE
RUMHCET e WHFFIIAT, (93002, By

Hord B =R e, hE, St
BEHLAE T 7y 2K

Bk, ZHEAERELI

B, AREREHLN

=K, BARLEREALEY

FURFEHUEAR AR I R L 7
SR RBIR = R RE-SRBEREE meme => DU o34

I

C SIMULATION MODELING AND ANALYSIS

C Law and Kelton 1982

c

C

C CHAPTER SIX RANDOM-NUMBER GENERATORS

C

C Coded by Tianjian Cao, 07/01/2009

c

C Figure 6.1 FORTRAN function RAND

C  for PMMLCG Zi=(7"5%Z i-1) (mod 2731 - 1)
C for 32-bit (or larger) words.

FUNCTION RAND (IX)
INTEGER A, P, IX, B15, B16, XHI, XALO, LEFTLO, FHI, K
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DATA A/16807/,B15/32768/, B16/65536/, P/2147483647/

XHI=1X/B16

XALO= (IX-XHI*B16) *A
LEFTLO=XALO/B16
FHI=XHI*A+LEFTLO
K=FHI/B15

IX=(((XALO-LEFTLO*B16) -P) + (FHI-K*B15) *B16) +K
IF(IX. LT. 0) IX=IX+P
RAND=FLOAT (IX) *4. 656612875E-10

RETURN

END

C Figure 6.2 FORTRAN function DRAND for PMMLCG Zi = (7°5 % Z i-1) (mod 2731 — 1)

C for 16-bit (or larger) words.

DOUBLE PRECTSTON FUNCTION DRAND (IX)
DOUBLE PRECISION A, P, IX, B15, B16, XHI, XALO, LEFTLO, FHI, K
DATA A/16807.D0/, B15/32768. D0/, B16/65536. D0/, P/2147483647. D0/

XHI=1X/B16
XHI=XHI-DMOD (XHI, 1. DO)

XALO= (IX-XHI*B16) %A

LEFTLO=XAL0/B16
LEFTLO=LEFTLO-DMOD (LEFTLO, 1. DO)
FHI=XHI*A+LEFTLO

K=FHI/B15

K=K-DMOD (K, 1. DO)
IX=(((XALO-LEFTLO*B16) -P) + (FHI-K*B15) *B16) +K
IF (IX. LT. 0. DO) IX=IX+P

DRAND=IX:4. 656612875D~10

RETURN

END

A A A AR () T
2R 2 T 77 7
Delta_G = f(Size,Site,Comp)

KANKT (Size) : e.g. B4 D, WEH
SEHLR T (Site) = oe.g. SLHBIEEL S|, HbATZ% sc
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AT (Comp) @ e.g. M TIIAR BA, AR7)4 4R %k SDI

Delta_G = f(Size,Site,Comp,Clim)
SEFET (Clim) : e.g. W Temp FIfEK Prec A2

P Bl ERTAT, Giit EIHEAR R
B ISR, BISZH T ERARAL . IR AN K 5 S T PR A 1 )

TR P T 5 i

MEEMCEAER, FR a3, LR B RIZE 1S (1 4 BT RENLEE,
Light SM&
————————————————————————— > N\

i 2 S+
5491\_ Py
+>{ Roots | " ¥ Foliage
by
; + .
@ """ 5 Stem
AT A
Ai'_
Growth
conditions

B 6.2 TR AL Kcdhs ) A\ - U AR

GPP =f(LUE,APAR,Temp,VPD)
APAR = (1-exp(-k*LAl))
LAl (Leaf Area Index) M HIFIFEEL, k JHIGREL

Pl EHNGEDT, AR, ARG EDTE .
B REA I R

B L1 T AR I T
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P URFHEESBE

] o = R iy A A T R AR ) R R BT 98 e RAE 1990 RS CUF IR TR R - 2010 AELLJE BNy A& %% . RS AIHY
A X R AL . 2020 AR, DARKER AR KT H EU Horizon FhZ:E 3. MRS RGN
PR, HARENESE, WinmRAREI S — K51 CSF (Climate-Smart Forestry) FSFIEIA, FFIE T H—5M
VR S A AR AGHIE S

R :

BT

PRI :

AR L

1./

Droughts

BN, KRR, KKELE,
CRAER/N DS 208D

BEIBR, GGG RN AR =R LE T/ 0T T FE) s MoK = (PR J3 254 /B E)
Bk, PEEES)

W, FRARY, G=f(EER/EK)

FE PR, M_TS=fER/HIRIERE), /40T vs KM
(PEE, PEPEF)

EH, 0.2

B, MRS =F(AR S /04 5/ IXGE /B TR )
(Z522)

EH, 0.7

FEpR, 2R, M_JE R SE =%/ 45 #)
(Z522)

Adaptive
management

\ .
y & SEervices

Forest
resilience

¥

iCarbon balance

Water cycle
Energy budget

. The EU Horizon program.

PRIT AR S SR T K 22 i T R RUBE X RT3 A

BER MR AR MRS EOR

em AR E R T, HATENEARL T2 0.

UBRA A e R HdfE 7 R

R EH 775 K

HERN A EZNG MR, i, SRR
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FE22 56 A AR R 1 b 5 SRR A, 1 R R AT R K e

R
FEK

e.g. IR, 10°CLL LERIE
e.g. K, HEKZFEHEK

Bk MRS (3, 235, =30, rREdE, SRR

L FERIHGHCH 175 K

Jodr
#R «
iJ]ElIL}E:
B
R
+- 3.

e.g. MHFFEE LAL HERE K,

e.g. MM JEZ VvPD

e.g. TFWIR, =R, AXE, 10CLRLEFERNR, 5CULEERIER
e.g. EREK, ZFERIK, AKX

PN

N, P, K, TIHEBEEIEE SmI

BRI FHROeE R, BolEEENE, R
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3PG I RN I Z M A B SR AR R

=

SLA LAl }=

e
—)[ '““?"H GPP
ception |»

0 basic
BB density

E’"(1‘nR)/(1+pFS)

TR

K. A 3pG HELR 45

3PG 1 7Y & Landsberg and Waring (1997) 3T %R BRI FERARKET ., ©EEUSE. FW
B OBRGERBEEAEE T AN, BEIBAREREDCEER . et AP VR R R, S oA
BREEYE. KB, FYMASE . AEMMA 3PG BT O gAML, L@ HFs (Gonzilez-Benecke et al.
2014) . FEAIEKATEHFA (Xieetal. 2017) . Forrester and Tang (2016) JF& T IR 3PG 1%, 3PG
AR AT AR 53 R -, W REARIIE B G MR A ) 8. (Landsberg et al. 2001) LA KA 7= S Fitil . {H g%t
CO WA, T ARSI 7 e e S ek s R A (Schwalm and Ek 2001) , - HAEFT /- 50+,
PRSI S HUN RIBUE AL TP 25 REEEE (Esprey et al. 2004) .

W4, 3PG A ORI AESE L BRI B E P A — 28 [ SR HR XAy #fpk i 3 T B R A% H (Coops et al.,2001;
Carlos A et al.,2014; César Pérez-Cruzado et al.,2011) . ZEFKE, WHANDHFARN GEN 3-PG AR AR, 42
ARARFGIB AR il AR AR SRR AT AR D B TN BRAIE A 20Br &5 (RERAE, 20045 XI5, 2016 BXHETS, 2008;
KBRS, 2010; FERAESE, 2019) .

IR T RS,
W AEEE T (f,)) Rk

f

D

(D):e(fkg*VPD)
H, kg NZE. VPD IFE AR
VPD =0.6*e (T max)—e (7 min)
Hrf e (T)$8MIFI/K S HEZ (saturation water vapor pressure) , iHE 715N

17.26T

T
+237.3
e

es(T) =0.6107*

@) \BERDEEERRE AT (f,,) ATHTRAFR:
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Ta — T min *[T max— Tave |%Tpt-Tmin

- Topt — T min

f (T
temp ( ave) T max— TOpl

St Tave sy vy, TOPY jyye e i, T max e il i, T min &R B
(3) MRopEEEIS e a1 RIRE w0 A7 £ 08 2K
1

fa (t) =
1+ t
(0.95 *age_ . )nage

Forb ot bR, P8 Cmax bR KT B B KA
(4) EHEE KB A 1E F R R Tf L Rk RN

1
1+(1—SW1J

Si
SRR LIS KSR, R KHIEIRIX L3715 2% %1206, ns=T.
(5) FEURXS & I 1 R

£, (sw)=

d)=1-K (L
fr(d)=1-K, (G5

U s pmm iz, Kengmmmmt.
(6) 37 Hu R B 2 FF F B R T35

fy(FR)=1—(1— fy,)*(1—FR)"™
FR g2tk (0< FR<1), Ny J9i6%, n ol it 6T
m = my +(1=m,)* FR
o ez,

(D BIRRTHE A, = G Sy [ e =E,mindf,, fi, b S R R TRCE.
(8) HREAHMFER W T
D, =D, (1-e")

q)pﬁlﬂﬁfﬁ)%iﬁﬁ’;&%é\%%r k AW EE. LAT N HARTEE (leaf area index) , iHHEARMITF:

LAI =0.1*Wf * o
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] ] CO I b VIR AS I LI TR, O b 43 e i E

[an*t
s T gnt a5, oc=0,+(o,—g)*e [td
o, +0,

ﬁﬁ,%%wWEﬂ\—j;—H%%%E%o
(9) BIATERE P, =0.552%a, *D
(10) EH A% P, =047+ P, .

BV SHE

AWE =Pyn; - y, WAt - mf( WE/N)AN
AWr =P 7, - 7. WrAt - mr(Wr/N)AN

AWs =P n, -ms(Ws/N)AN

o W, Wr,Ws 2B E . fRE. e, e, T T B e i g st erh i gl Ve, Ve
B R (TR R, N TR, WEN, Wo/N,Ws/F AR H. TAEWE TE, mfmr,ms NG
WI/N, Wr/N,Ws/F 52 f L

S e A5 46 W0 40 1 EL 491«
_1-n,

1+ Dy

N

Py="" —q *DBH"

N

Hr

P2 P2 3519 DBH=2em. 20cm I 9541,
JeEE P 26 ) 2 TC B 491«
M
M + (01, =10, )
J6EAE P 260 I (1) 7 TC B 491«

.=

T]f :773 *p/s

Veggwik, VeibrEwm .
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Vii¥ro
VioT (7f1 _7fo)e_kt

Ve =

Tr0 g bh s prttant ko, T MBI R, K AR I T

kzlln[HQJ
Ly Yro

s 7 gy, w B SRS
R ILHEME 3PC LR S %

3-PG ¥ (i) BT ZHE SHORIE
SR
35544 FR - 0.5 AW FLI E
EME A
FEERKRNSE
422y 2 cm I -5 1) 23 E EE 451 P, - 0.9 AT E
42y 20 em I 51 73 BC L] P2 - 0.32 AT E
pad e eg NP AR (S E=TE S SN2 A 1] NRx - 0.75 AT E
I LR R AR 06 A B de /D EE A MRa - 0.25 AT E
FERR L
AR A3 T VR R R Yrx 1/month 0.015 A 5T
WIGE ARG VR TR R YFo 1/month 0.008 A 5T
P 2 g B I (R PR 3 e ter months 48 AHEFEI E
FR I A Pt % Ve 1/month 0.011 A 5T
NPP A KIAFTE T
BERT
PER T R IR R Tomin deg. C -8 DHAEE, 1991
A KT S R Topt deg. C 6 ¥ e, 2021
A KT T B L Tnax deg. C 38 TR, 2021
FBHEET
FEVR— R A REAE B A KR R EL kr days 1 Default
T3KEF
F 3K D S0%HT F AR R B K 2 co - 0.6 Sands (2001)
e Y &7 8 R N A T BRI E = no - 7 Sands (2001)
isbalvSies
FR =0 1 m ({5 mo Lanc.isberg and

- 0 Waring (1997)

FR = 0 I f) {8 fivo - 0.3 AHH T



Landsberg and

fE i (1-FR) [HH8%K ni ] | Waring (1997)
FERET
FHT T H SR G208 1) e R bR 3 4 18 Agemax years 200 AW T 52
i 31 A KR T8 g _ ) oo
MR AR AR5 T 0.5 I FRIAF XS AR
. Tage ) 0.95 Default
R B R
B KR B A 45 2 YNX %/year 4.8 AW 5T 52
VAR AF RS I Al 57 2 N %/year 6 AT 5T 5
RN (ynotynx) /2 B HIAFERS tyN years 45 A5 8
Y=t
EEmM- AR
WIAEERE ) LG T AR ) m%/kg 2 A 5T E
JSCEAIRT P EE I TR ol m%/kg 6 A 5T E
tLrt AN (ootor) /2 B BI4ERS to years 45 AT 5T 5
JeEE
i e
A7 S RIRER

PRI} B SEHI R

I RN T ) AR . LA S RS, R S ECRAL JE 1) 3PG BN [ IR RN 20 a #]
UR% 5N 6667 trees/ha IR ZRBRAR 3 20 a-50 a AR 7335 B2 AR L (BT 1D 85 R IR, FEWIUR % 4 6667 trees/ha
(AR, EH 3PG TR AR 43 % FE 5 S 45 SRAH ZE AN K, REAUURS FESAI7E 95% A b (ANAE 35 a INHIKAL T 6.87%),
PG FEIX 96.52%, TS S R224 0.9951. BRI L, 3PG A5 4Y G2 4R ff HiASE 40 B A6 3L 2R BRAR R 4k 7385
FEAEA

EWE R

FIH S HOAR A IS 1) 3PG RS T TG0 20 a  WI4RE 20N 6667 trees/ha IILARFRARS) 20 a-50 a (4%
WE KN, IE5EWEAREEELE (B2) . 485K, 3PG HEERXT RERA 2 =141 AR A=)
B FAYEM S A ERAE RIFRBRCR: Hd 3PG 4 T AM8 FRURS B i, T YRR 1 95.24%,
BRI ZEN 9.63%, R4 0.9997; AR A=) & AL AR W& I T S5 B BE 43 TN 92.69%F1 94.42%, H A il &
PIREPMERR 1 1E 25 a WA EL AR 2 A URAL T 18.27%48, S KImZEAEIT 10.12%, 1A E =R 7 1E 25 a Al
35 a 2 MEAL 11.45%F R4l 10.52%51, F N s K Z AT 6.85%. MHELZ T, 3PG XA AR R
BONASERAE, PR AU 88.89%, M AMRZEIAS]T 28.5%.

Deterministic fiE M, FrA{E B QA
=> Decision making under certainty %1 &11%
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Probabilistic &%, o5 E Cx
=> Decision making under risk %1 ANEI1

Stochastic FALTE, 15 EARA
=> Decision making under uncertainty A% ASEN1E
I3 %o R B 2578 A 1 52 1) ) 79 g =X
FAPR ML FEIA : F(FREE) = f(L)+(T)+F(N)+f(SM)
Z R ZRILFRM: fABE) = f(L)*f(T)*F(N)*f(SM)
WU 43 BT S5 ANH 2 M b
FFME R B RS £
NPV_real = NPV_max * (1-P_i)
P_i = Risk_i%,
1, BT
2, NANFHE
i=3, iR
4, PR R

e/ XU H i b5 K

Risks ~= Costs

Min. f(Costs)
s.t. dG/dt = f(Size,Site,Comp)
TBURR 2 73 By

Size = f(D,H,V,CR,CL,CW)
Site = f(SI,Soil, Temp,Prec,Slop,Elev)
Comp = f(N,BA,RS,BAL,CCF, CPA)

p: HIANZH input parameter
Y: %t output

NI D UG S BN EPNEIL I S

How do small changes in input propagate to results?
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HUKFE S = 9Y/ap

ANTR)ZH RS 7 AR X H B AT A2

What is the relative importance of different components?

XU E S R = dY/dp * p/Y

AHf e vk
Monte Carlo Simulation 45 FI& i &

MCMC (Markov Chain Monte Carlo)

Bayesian Analysis T340 #1 (Z52FE2)

AR5 5B (K AN R 1k

BRRBEIR G => HIRR B AFTE 2 Mortality rate or Survival rate
HHAESBBE => B 5H# L Regeneration and Recruitment

BIRAES RGN SBRFFE
il s PR

MK, dD/dt = alpha*D/beta, In(iv) = a_t + alpha_t*In(V)
BEAIL AR .

AL, In(N) = zeta*(alpha - beta*In(V))
M EF, R=zeta*(a—alpha*G + beta*sl)
zeta = rand[0,1]

MR AR, WA IR BAE AR R B IR P — R MR B DGR3 BB A 3. ORI RG45 th 32 21
AR B R, ARMOB HLTE, Mok, KSR TN (Monserud 1999) , [RIIS, MAAIRFEFIEFZh LM 4
SRGUE ZAEE RS A7 A 22 AR

HReineke (1933) #i& bk 73 %5 BE 56 4+ 3B, B3 25 BEFS I (AR ST EN T BT BL . Yoda (1963) #2Hi11)-3/2 H
SRFR L WA AATFR N AR AE S 22 iU . BB S Ando (1968) 43 i 25 32 i) 240 5% 22 7 FH 4 1) BB TES 2 B 1)
JRLAF T 5 5 FIAR 73 B A A8 I R (135 BE A2 18 . AR AR 2 SO BdR H T -3/2 VENBIA 2 (White et
al.1980; Westoby 1984; Weller 1987; Zeide 1987; Enquist et al. 1998; i 4T 55k 2008) , MAr/KF-f-3/2
5 ARG 5 R A DAL S PR 32 BT 12 B9 AT (Long et al. 1984; Hutchings 1981; ¥ 855 2000; 1.4 4
2001; RAFE 2002; AWM 2005) .

Flewelling and Monserud (2002) 245944 1 R F RS HR 2 IR @A 7 7%, B HhLogit B, /b 3fi%,
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Walker-Duncan 5%, AU/ 31k, UL R S KA SR . iX 28 7 VA 7E [ e RE I 78 R B0 R, T DUBEAT A 4%
BRI . BRI, 7R ARl S B HR K 32 S0 £ B AR A ST Al 3 B A A T e R A, T I B A b R AN i 5
WP 7K bk 2 35 FEFEH (Reineke 1933). H 54k (Yoda 1963)F1AH X %5 &£ (Curtis 1982) (I TH5L, Mk LLSZH] A
TP A A5 0 T o

PR I 32E S AR T V2 A Ly a4 e A I A B N AR AR 0 K B )P 387K, T e B AN 2 [ ) F A
R A K 1781k (Mendoza and Setyarso 1986), 1% #7774 = B H 7EH FE 5 Y HH (Usher 19665 Buongiorno and Michie
1980; Vanclay 1992),

BRI TR RERG AR I RAAEAE A R AR B S B Gevt Bl rh, B — S ] 5 10 28 A5 R0 S e T AR R 0 i 57
[ %5 f:(Adams and Ek 1974; Hann 1980; Shifley et al. 1993). X SEE T ZE HE L A= (R 15 PN e 4, 3T AR
R PR o ) P 2k SR A 22 o TRk, B S A S M B R T 3k F (Hamilton and Brickell 1983; Vanclay 1992;
Schweiger and Sterba 1997; Qin 1998; Kariuki 2005; Adame et al.2010). TEPIBT BRI, 25 —Bh Bl i i 4 i
F 7 RE TN R R A OREER, B B BRI SR AR IS LT B SR AR R TN A B, AR R o
JFH A 388 1) 2 A 1B V= R A 1
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FMFIR S EHRFENL IS E

BEATLAH A7 315 35 1)

4 X(omega,t) = A*sin(theta*t+xi(omega)),

xilomega) &3 XAE[0, 2*pi] FIRMIHEI AR IBENLAS &,
theta /225 % 4L,

U X(omega, t) /& & SCAEME R 22 ] L 1) — AN BEHLIL AR -

. S AR SR S AR R P Bl

1400

-
N
(=]
o

g

™
(=]
o

600

400

e G=16
—G=8

200

Number of trees per hectare

o

Year

REBLLFEE X

B (X(t),t belongs to T) N—PFENLLHRE, @RI T4 t belongs to T, E(X(t)) FA7E, M HEEZAHAERE t PR, &
A

E(X(t)) = integral_-infinite_+infinite(x*dF(t,x))

Forb F(t,x) A BE LI RE (4R 4E 7341 b KL

BEPLILFE )&

kA AE: - ArE A PuE IR N SR R R

RS FOF AR AR H O R 23 A BE AL AR &

AZH B IR A 8] PR A o A A2 3 AL 4

EFFUIARA LR FAF RN AR A P A

TSI ) B /R R R EE: @A XA (0,S] ERIARE, AR MFEE AT AR A T DL B EUE R IR
A X(t)
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PRGBS — DRI RS, RIRE R &2 8RR SR O T IS RN, T2 2
HAARFFAMEIER R, WTHR. R KB KR RRFES. W TRMAERIISHU RS, #Ra
TARRE TR A48 WI2E. SE R A KA LA SEFT I R SN 2

X ARAR B SE T PN AE (B 2 M Sk b, SR DUk U gk B ANRRE P . BEALAR R f(Y) iR s B B
MR (AR AT ST A . I AR o A Y_ij O W AL R R A AR

1) ERAEMIMEZR (Zero-state) ;
2) BRMJARA 34T (Poisson-state) .

EERTTF O AR R R BENLIE, B Y_ij #A — AT RS B Z_ij, AR T ARE (Zero-state and
Poisson-state) , Z_ij NIRMAAZFI 04 (BECN omega_ij) , Kk, P(Z_ij=1)=omega_ij F£/RY_ij=0/=4 T E 4
fi (Zero-state) , P(Z_ij=0)=1-omega_ij ¥/~ Y_iji= EF 1A 4047 (Poisson-state)

100_ ..................................................................

50 -

FHXF A 5 1 Relative uncertainty (%)
&

HIX AN 5 1 Relative uncertainty (%)
%) n
w o

0= 0+
T T T L} T L)
5 i % B -5 ST 5, e [Hf A SAxE ¥
Competition  Topography Climate Competition  Topography Climate
2% Parameters Z ¥ Parameters

Bl ks (a) AIBLAHR (b) SR rh S HOAH E 17 A R AL
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o mA e

m..

B’ FX &= 3" AR H4E

1 J

®

B Mg A ERRE AR AEEEY
f(BA.5D). BA or SD fiDBH). M vs.DBH
D-H M vs.hl & filBA), MvsBA
£HL3, M3 & SDI #4r8 RAudt

% ‘ Rt RALE AT £ A ‘ ‘ R et RALE AT AR ‘
3
m
%
. ‘ LRTREDHFiEH L MOMC
M pLmE HAGRRE
| sz snizs | ‘ Rt 36 5LE B S A A ‘

. T =B BO B AR T B 5 A5 Al

=PrBOEBEN EE AL, 2 = BERASITRAER . N TR GEEOR . B RESIAR, & m Rk BB A
BABEERUS NPT SE . 26— B, “RBIRY - AR DS RIS ARM G LR EE, 6 R T
FEMRII KT ERHERTE . 58 BB, R o DUSE— B Beiim AR N A Ak, i Weibull ) Al S FEARZ
N TAPZE PR A AR, Ah S @R, BT AP I G . S =B “BEFL” « DL
B B AR ORI ME S, T DU B AT R I 2 A DX IR S B A E I, I S BT REIUE IR
MR AT HEATRLIE -
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BRI R RS

ER2EAR 1954, TREIEHS. R ITFA R BAA F]. USA

TL4x$2H Control of errors: Reliability by duplication; Method of multiplexing; Error in executive component; Error of

multiplexing systems

“This particular method of synthesizing a reliable system out of unreliable elements is called the method of

multiplexing by von Neumann.” -- £ #% Hsue-shen Tsien
Xs) Fis) Vi)

B a simple system F BB RS

LA |—

RG] | n-parallel Y(s)
________ systems

B n-parallel systems I3 3EER 5

K. TUREHI RS (redraw from Tsien 1954)

ZIGHEAIRE IE 25U (Hynynen et al. 2002):
(1) 5 Bias=In(H)-In(H*),
(2) . H*(cal)=exp(In(H*)+Bias*),

(3) THEAL IE /G /= H(cal)=Cratio*H”exp(Bias*),
where Cratio=H(obs)_mean/H(cal)

|
parameters — - —— prediction
T !

Posterior

K. AR IEFE (Makeld 2011)
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Real forests =>

forest planning

Optimal
control

Stand simulators
=> DSSs

AN

Bayesian
calibration

K. OptiFor-QUASSI FRR-FAT 1 HARAL 2 5t

—RME, REE, =R

AR RIS (1 K 7 oK
R 2 5 -
AR i dls -

R 1 -

RRAR I s -

IV iR

I PR

KRR TSR, AL AETI AR, AR A, AT AR S

RESEARMEIA, B, Wm, SN I A

RREAEIEE R, SCERER

SR B, SCERECE

GBI, SCERECE

MO FE R SR K
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BTHLt EVEEHITE

B o Eie

B BRI R i S 8 R AR

= AR AL R A

SEDU AR SRR K S A TG

Q15. RMAEF S ERMAED RIS, WS ER R 5 ? WL R ?

Annual carbon balance at
SMEAR Il station (Kolari, Vesala,
Canopy photosynthesis Pumpanen, Hari, Nikinmaa et al )
1100 g C m?

Canopy respiration
00 g Cm?
Photosynthesis of
ground vegetation
100 g € m™ Stem respiraticml

100 g Cm?
' R g

S0gCm?

Annual tree growth
200 g C m?

Soil COy efflux 600 g € m?

Root and rhizosphere Decomposition of soil
respiration organic matter
300 g C m* 100 gL m?
Litter production
100 g € m-?

ARABRIC

SRR R A AR N 2 BRI 2 2 A4, KIS AR 2 S BRI P A 1 st 3 B B AL
R EZ N ERZ —, IR Rt H 2515 2 AL

MBI E AL 7% Empirical approaches
H Nk Bottom-up
JREE: MR ZEH ) il AR KOG R

RMBRIC T2 2 /51 Process-based approaches
H_ LT Top-down
JREE: A AEH SiCP S

BT Z IR . @AY BT T, M e SR T roEdE, ife. Be. oA,

UM AR S S B AR R, MRS AR B . Gl SR E A RIS, KR B AR E R DL
B, AR RIS AR E SRR, BRI A AR

S ARMOBRIC T BT
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B B

W_tot = f(V)
W_i=f_i(D)
W_i =f_i(D,H)

Yy R T2 BEF (Biomass Expansion Factor)

BEF_i=W_i/V
BEF(t) = a+b*exp(-0.01*t)

Ik R AL A AR v

NPP = r_NPP*GPP

G_t=NPP/C_c,C_c~=0.5

GPP = f_APAR*GPP_max

f_APAR = (1-exp(-k*LAl))

GPP_max = sigma_i=1_365(LUE_i,PAR_i,f_iPAR,f_iTemp,f_iVPD)

1, ASCERZR R ICRS E MR BRSNS 2, A GRRE BT

FEy (a) WE (m) AR Cemd WO (Bk/hnD
20 8.7 10.6 1764
40 14.1 19.6 762
60 16.6 24.0 576

EWIZIH XA BT, BRI TRANRARE A ERE (AR, 1996) -

EYEpy s

wE

F  InW;=1.040861n(D’H) — 4.63143
. InWg, =0.773961n (D*H) — 4.69348
% InWz=2.577331nD — 4.08026

M InW;=2.57495InD — 5.11712

US InWg=2.286921n0 — 414193

HT EAEA, RERRRE. BRERAN, TR F RS ST AR, MU ERE, HARE
M EEA B EY & A B8 T AEWE (/20D -

G 2 S < R

20 223 33 131 46 6.2 497

40 57.1 54 275 9.7 109 110.7

60 78.0 6.4 352 124 13.2 1452

101



R a5 B ARV RS SRR AR, BIT A5 BIAR ) BB Ak B o 5 kR BEAE ) 50%72 IPCC (Intergovernmental Panel
on Climate Change) [l F%icdiE, (HSLbr B8 AR IR 5 5 DR RN SR B A AT %, SR A3k SE (2009)
M BT CI g (I ZRIAA T B2y Bl mhy RSB, W N ER:

wE TRE (%)
+ 49.95
4 49.25
57 50.8
iy 51.45
Ui 44.25

2RI AT LA B FA PR > 585 T ROBRAE R TAA MR S SR T IR B R (/A B

FEe T K BoM R A

20 11.2 16 6.7 24 28 246

40 285 2.7 140 50 48 550

60 39.0 3.1 179 64 58 722

L IR 21 ok TV BRI DA AN [R] IS SR 23 B i e 04T ELAR

EEHB
ool

H e

Fhograf B AE (eks/ i)

ARG E S BRI K 520

AR IIBRIC A7 D RE S A 5 KR CO2 iREARMATH VIR A, i —2epol i, w7 BRI AI 1
TRV G EAAC I B A0 85 b, MOl sl BA 0 BRI BRI AL . & FE AR R 22 ] DUSR i AR (1 Bk
[ A7 AR S S5 o S I R R AR MR R ], S BRI AR B, SRR BRI AT DA AR A BE KRR
JE ERAF I IIRE .

WENEDARZ, B ABRMBIRN G A RIEFEAR, JUHR B GRIE A IR, Db 20 i B ARk 53 i
MZEEH, AR IR E, RERmAMREE. FK, Hoen LUE Dy N e s
HIARRA =, IXEEAHE 7 b A D Ml SRR A 38 P St B A, T B A RER A P o 1) £ 2 2 e P A AR
M fif B, (EE AT AR — AR AM P, [RI AT DUDEEAR 2> A4, BN B ] A7 200 . A, R A A
A R I3 B it B (ST TR AR E S A R HE RO
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AR B I i) TARRARR R, 1 BLAERS 2% 77, DN P8 & A AR AT 70 22 0 BT Mo e v &0
B L, ARIE YR . ERE R BRI, R G 5 A R, AT AR
WA E AR, iR LA B

B TR TR R LR R T FR A E R R SR, RO MORAE R B THE, s A
UK TEREYAR i 5 7 R RS 2 T P Rl T R = 1 o P W /3 = S LW R 1O/ K 7 S B i
P, CFRAMERET | ARLR AT AN 2 T R o ARV R N T R o2, AR A R R i FA AR
Fe P A AR TR v N P e A (1 SRR o AR AR A TR R R R RO BRI AR A B T 4 B4 P R

A

TS ARSI AEYE W (kg) HEAMIE D (cm) AR & H () Z B #AAEE BB WA A K CR: W=a(DH)”
B W=aD'. AIHF IR A RS U B R InW=a+b1n (D'H) BY, InW=a+b*1n (D) . [, AWFFTE,
MBS AR (t/ha) HESHFHMAED (em) o HROTHEH (n) FARDPILAREE n (Fk/ha) K%
I, FAEMTRXERR: InW=a+bkln (n¥D’H) BY InW=a+b*In (n*D”) . 2 4. 1 Z5H 7 BedbMr bk [X A J bRy

A EITRERIH R SHL a M

bo

xOBRAE (FFUD HREIEHIESH

Table 4.1 Parameters of the biomass equations for Pinus tabulaeformis Carr.in Shannxi Qiaoshan

2H 4y InW=a+b*1n (D°H) InW=a+b*1n (D) InW=a+b*1n (n*D’H)  InW=a+b*1n (n*D°)
component a b a b a b a b
T -3.40824 0.927516 -2.75731 2.428910 -9.8328 0.937154 -11.2197 1.24544
53 -3.86239 0.850470 —3.26935 2.228450 -9.6722 0.850716 -11.0089 1.13694
H —-1.53547 0.416061 -1.31594 1.114210 -3.8492 0.365020 -4.8649 0.52407
R -3.74208 0.862277 -2.98374 2.208650 -9.3094 0.824482 -11.0976 1.14227

FEBCHH A AT SR, JATTARR IR L (8] AR R 70 3 B PR B AT R R 5 4F Jm UL, R B A i )
R ARAG B 5 4R IR B, 2 )5 i T8 B RS ORI VR R SGR R IR 1, BL& R — kTR,

Prio/Puncnin=Prnins/ Punthins

A, P R IR )5 R, P, R AR AR HIRG S5, P 8 BOUE IR R TIN AR 73 R 285 P

SRR R AN 15

e A [ MR A B
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Figure 4.1The process of stand growth for thinning experimental plots
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Figure .. Effects of thinning on stand carbon stocks
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FEMh I A R F I BB AR AT A, AT SRR A A R 8% B VR I AR, PR 40y
EVER SRR IATIE, SURR AR EWERUSHED S &S HER, $e 2] 7 ARME S 40 ik
sy AR R A VR R AR RS, AR R IR ANt Aok DU AR A - S T A LR S U B

R R B KB B E A B AR BRI b, 0 BRI FIARMCE R IR B R S5 )
B, RSN EYRES, AR YRR DRI T 8 & R 5 20— AR R it

388 [ Ay SRR AN [FUREL A 0 SR et AN IR SR, T SRAS A A 2 2 S A AERCIR DL ELG &R, SR A F
M2 R & R S5 AR O RS RIM EYR, R R T8 B A AR MAE R A B . SRR A
BRI G OB A7, SERR LA R T BOR S S AR S AR R 24, RN AT — € B i &
X ) 25 8] 73 28 S I 18] R SUEAT 204, ANTTAS BIAR 2> AW HO I B e A AN B0, I BT 5545 BbR 23 Bk [ 47

fem

o

MATEFSER M A E SEM B SETL R ZdRlk cSF, HMZ e RSB HZ Bir (MCDM) VAN, KEZF
H A R HIREAN (Life Cycle Assessment) « AU 734 (Trade-off Analysis) , K/ SEM F1 CSF £ DhREAR 55 a5
(N

xR, BEBHIRZ hEERSa4n1k R (MCPEF,2002)

Criterion FR#E Indicator ¥8#5

C1: WY& Maintenance and appropriate Growing stock, Total volume, Age structure
enhancement of forest resources and their and/or diameter distribution, Carbon stocks, GHG
contribution to global carbon cycles emissions

C2: FEMfiEHE Maintenance of forest ecosystem | Soil condition, Fire hazard, Wind hazard, Pest and
health and vitality disease hazard, Broadleaved tree mixture is

maintained, Felling and skidding damage, Water

use, Forest resources/growing stock, Forest

biodiversity
C3: #K7P7 i Maintenance and encouragement of | Wood products, Non-wood products,
productive functions of forests (wood and Productivity of the principal forest production,
non-wood) Value and quantity of marketed roundwood,

Other productions

C4: HWZ ¥ Maintenance, conservation and | Understorey shrub diversity, Tree species

appropriate enhancement of biological diversity composition/structural diversity, Long-lived and

in forest ecosystems cavernous trees, Volume of standing and lying
deadwood

C5: 7K {R¥F Maintenance and appropriate + 312 Evidence of erosion, 7KJii Water

enhancement of protective function in forest quality

management

C6: FH2x4 % Maintenance of other RIS Recreational services

socioeconomic functions and conditions

E: MK RR, T5HEE Makeli et al. (2012)
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B S %L Climate Adaptation vs. 255 /% 254k Climate Mitigation

Adaptation measures of forests that maintain or improve their ability to grow under current and projected climatic
conditions and increase their resistance and resilience. The adaptive capacity to changes in climate and to the timing
and size of climate-induced disturbances (e.g., fires, extreme storm events, pests and diseases) can be enhanced by
promoting genetic, compositional, structural, and functional diversity at both stand and landscape scales. This
includes facilitating natural regeneration and planting of native as well as non-native tree species, genetic variants and
individuals that are considered to be adapted to future conditions. Increased connectivity assists the migration of

forest species.

Mitigation of climate change by forests is a combination of carbon sequestration by trees, carbon storage by forest
ecosystems, especially soils, and forest derived products, such as structural timber, and by carbon substitution,
directly by replacing fossil fuels with bioenergy and indirectly through use of wood to substitute for higher carbon

footprint materials.

AR E + A => AEREFEM Climate-Smart Forestry (CSF)

Climate-Smart Forestry (CSF) is an emerging branch of sustainable forest management that aims to manage forests in
response to climate change. Climate-Smart Forestry is sustainable adaptive forest management and governance to
protect and enhance the potential of forests to adapt to, and mitigate climate change. The aim is to sustain ecosystem
integrity and functions and to ensure the continuous delivery of ecosystem goods and services, while minimising the

impact of climate-induced changes on mountain forests on well-being and nature’s contribution to people.
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P A s A RAVEYT Life Cycle Assessment (LCA)

ARE IR LR IR RBRIRAERE, FIHASET I, BARE ALY, &R, W IEREERE™
M R AR o S SRABAE AR 7 s — D5 T AT DAMBRHETBON A, Bk FL e ol i A 7 S A ™ A e
HERSCo 3 — T3 T AT BATE 23 A AR AT B AR AR L 3, AN AR MR BT IRSRIBUR M ™ i, SN . (455 A
BRIAR = WIS B TR, IR L B RS I RE, 3R B S AR H .

B, AP F= A B RHIEEST, 2007300 45 SERZKE, 50100 4F; &R, 10720 4F; 40H)4, 1~3 4 #g
PA, 04,

. AR B ARAR 4RIk YASSO (Liski et al. 2005)

Sawn timber
and plywood

Pulp and
paper

—-—--Logging
residues

Time, yr

Source: Cao et al. (2010)
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Forest Models in Europe

https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?ld=?

Name Class Categor. Type Country Organisation Author Year Id=
CEMAGREF;
Laricio Dynamic  Growth Empirical France Meredieu C. 1998 2
IDF; INRA
ENGREF;
Fagacées-Hétre Dynamic ~ Growth Empirical France Jean-Frangois Dhét... 1996 1
INRA
ENGREF;
Fagacées-Chéne Dynamic  Growth Empirical France Jean-Frangois Dhét... 1998 5
INRA
Daniel Rasse &
ASPECTS Dynamic ~ Growth Empirical Belgium uDL 2001 3
Louis...
Goreaud d'apres
CAPSIS Dynamic ~ Growth Empirical France CEMAGREF 2001 6
Puk...
CEMAGREF;
SIMOPCOSOR Dynamic ~ Growth Process-based  France Goreaud 2000 7
ENGREF
CIRAD;
Eucalypt Dynamic ~ Growth Empirical France L. Saint-André 2002 8
ECOsa
Mountain Dynamic  Growth Empirical France CEMAGREF B. Courbaud 2002 9
Ventoux Dynamic  Growth Empirical France INRA Ph. Dreyfus 2002 11
S. Gourlet-
Selva Dynamic  Growth Empirical France CIRAD 1997 12
Fleury
CA1 Dynamic  Growth Empirical France INRA Frangois Courbet 2003 13
C. Meredieu, Ph.
PP3 Dynamic ~ Growth Empirical France INRA 2002 15
Dre...
Biomass PPM gal  Static Biomass Tree Spain uscC Balboa et al. 2005 16
Biomass Rad Gal Static Biomass Tree Spain usc Balboa et al. 2005 17
Eucalypt gal Static Biomass Tree Spain usc Balboa et al. 2005 18
Allometric Qcus
Static Biomass Tree Spain usc Balboa et al. 2005 19
Gal
Allometric Bet
Static Biomass Tree Spain usc Balboa et al. 2005 20
GAI
D. Armand, M.
med_shrubs Static Biomass  Understorey France INRA 1993 21
Etienn...
FORECOTEC PALAHI; PUKKALA;
RODAL Dynamic  Growth Empirical Spain 2005 22
TRS...
PiroPinus Dynamic  Fire Prescribed fire  Portugal UTAD Fernandes 2001 23
Unevenaged
Dynamic  Growth Empirical France AFOCEL AFOCEL 2012 34
stands
MOSES Dynamic  Growth Empirical Austria BOKU Hubert Hasenauer 1998 24
BioS-BCG Dynamic  Growth Process-based  Austria BOKU Hubert Hasenauer 1998 26
PrognAus Dynamic  Growth Empirical Austria BOKU Hubert Hasenauer 2012 27
PP1 Dynamic  Growth Empirical France INRA Lemoine B. 1991 1
AFODOUG Dynamic  Growth Empirical France AFOCEL AFOCEL 1999 30
AFOEPI Dynamic  Growth Empirical France AFOCEL AFOCEL 1999 31
AFOPIN Dynamic  Growth Empirical France AFOCEL AFOCEL 1999 32
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	http://www.pierroton.inra.fr/Croissance/index.html
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=19
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=20
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=21
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=22
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=23
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=34
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=24
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=26
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=27
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=1
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=30
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=31
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=32
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Empirical
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Empirical
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France
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Portugal
Portugal
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Portugal

Spain

Spain

Spain

Spain

Spain

Spain

Spain
Spain
Spain

Spain

Germany

Germany

Germany
Germany
Germany

Germany

Germany

Germany
Sweden
Sweden
Sweden
Sweden

Sweden

Sweden

Switzerla
nd
Slovakia

Spain

AFOCEL
ISA
ISA
ISA

ISA

UTAD

ISA
ISA
FORECOTEC

INIA
University
Politechn...
Universidad
de Santi...
CREAF

INIA

INIA

IKT

usc
FORECOTEC
H

TUM
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FRSLS
FRSLS
FVA
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FVA

FVA
SLU
SLU
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SLU
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SLU

EPFL

TUZ
ENCE

AFOCEL
ISA
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ISA

Teresa Fonseca

ISA
ISA

Pukkala et al.

Rio Gaztelurrutia, ...

Erviti, J. J.

Castedo, F. &
Diégu...

Gracia, C. et al.

Sanchez-Gonzalez, ..

Cafiadas, N.

Espinel, S. et al.

Alvarez Gonzalez, J.

Palahi, et al.

Pretzsch, H. et al.
Roetzer, Grote,
Pret...

Nagel, J.

Nagel, J.

Yue, C. etal.
Yue C. et al.

Kandler, G.

Bosch, B.
Soderberg, U.
Eko, P-M.
Agestam, E.
Eko, P-M.

Lundstrom, A. et al.

Jonsson, B. et al.

Gillet F.

Marek Fabrika et. al

Oscar Garcia &
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https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=33
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=37
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=38
https://www.plantedforests.org/formodels_database_forest_modeles_liste/modeles_affiche.php?Id=39
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Tab. 1A Overview of main processes implemented in all forest models as well as examples of model applications (Mahnken et al. 2022)

Model

3D-CMCC-
FEM LUE

3D-CMCC-
FEM BGC

ac

GOTILWA+

Landscape-
DNDC
(PSIM)

Photosynthesis

LUE(16)

Farquhar, von
Caemmerer
and Berry

LUE (12, 43)

Farquhar (39)

Farquhar (39)

Autotrophic respiration

Maintenance respiration
+ dynamic growth
respiration (32, 33)

Maintenance respiration
+ dynamic growth
respiration (32, 33)

Constant fraction of GPP

Maintenance respiration
+ dynamic growth
respiration

Maintenance respiration
(49) + growth
respiration (fixed
fraction)

Carbon allocation

Dynamic allocation
based on phenology,
light and water
availability (sensu 34)

Dynamic allocation
based on phenology,
LA and WA

Dynamic allocation
pipe-model and
functional balance

Dynamic allocation
pipe-model,
functional balance

Sink-source approach
driven by phenology
(50)

Structure development

Height

Allometric equations
from DBH

Allometric equations
from DBH

Function of foliage
mass and crown
architecture

Allometric equations
from DBH

Based on stem carbon
allocation and
density-dependent
h:d (51)

Diameter

Allometric equations from
stem biomass

Allometric equations from
stem biomass

Dependent on carbon
allocation

Follows from carbon
allocation

Based on stem carbon
allocation and
density-dependent
h:d (51)

Mortality

Age-dependent +
self-thinning +
NSC pool depletion
+ stochastic
Age-dependent,
self-thinning, NSC pool
depletion, stochastic

Self-thinning + carbon
starvation + age-
related (44)

NSC pool depletion
+ loss of active
sapwood

Fixed fraction + density
related limits (52)

Example
applications
35, 36, 37, 38

41, 42

45

46, 47, 48

53, 54, 55

Model
class

Note: Models are classified according to their complexity into empirical (E), hybrid (H) and process-based (P) types. This classification is based on expert judgment to provide a rough overview of model complexity; in
reality, these models align along a continuum from more empirical to more process-based models. References are indicated by numbers.

References: 1: Aussenac et al. (2021); 2: Toigo et al. (2015); 3: Vallet and Pérot (2018); 4: Toigo et al. (2018); 5: Fabrika and Dursky (2005); 6: Hlasny et al. (2014); 7: Merganic et al. (2020); 8: Moore (1989); 9: Mina et
al. (2015); 10: Huber et al. (2020); 11: Huber et al. (2021); 12: Haxeltine and Prentice (1996a); 13: Bohn et al. (2014); 14: Rodig et al. (2017); 15: Bohn et al. (2018); 16: Monteith et al. (1977); 17: Landsberg and Waring
(1997); 18: Gupta and Sharma (2019); 19: Trotsiuk et al. (2020); 20: Xenakis et al. (2008); 21: Augustynczik and Yousefpour (2021); 22: van Oijen et al. (2014); 23: Cameron et al. (2013); 24: Makela et al. (2008); 25:
Peltoniemi et al. (2015); 26: Makeld (1997); 27: Minunno et al. (2019); 28: Kalliokoski et al. (2018); 29: Kalliokoski et al. (2019); 30: Holmberg et al. (2019); 31: Forsius et al. (2021); 32: McCree and Setlick (1970); 33:
Thornley (1970); 34: Friedlingstein et al. (1999); 35: Collalti et al. (2014); 36: Collalti et al. (2016); 37: Collalti et al. (2018); 38: Marconi et al. (2017); 39: Farquhar et al. (1980); 40: de Pury and Farquhar (1997); 41: Collalti
etal. (2019); 42: Collalti, Tjoelker, et al. (2020); 43: Haxeltine and Prentice (1996b); 44: Botkin et al. (1972); 45: Gutsch et al. (2018); 46: Sabaté et al. (2002); 47: Keenan et a|. (2011); 48: Nadal-Sala et al. (2019); 49:
Canell and Thornley (2000); 50: Grote (1998); 51: Grote et al. (2020); 52: Grote et al. (2011); 53: Lindauer et al. (2014); 54: Schweier et al. (2017); 55: Dirnbock et al. (2020).

Abbreviations: DBH, diameter at breast height; GPP, gross primary productivity; NA, not included explicitly; NSC, non-structural carbon; VPD, vapour pressure deficit.
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Tab. 1B Overview of main processes implemented in all forest models as well as examples of model applications (Mahnken et al. 2022)

Model

SALEM

SIBYLA

ForClim v.3.3

FORMIND

3PGN-BW

BASFOR

PREBAS

Photosynthesis

NA

NA

Light-use

efficiency
(12)

Light-use

efficiency
(16)

Light-use

efficiency
(16)

Light-use
efficiency

Light-use

efficiency
(24, 25)

Autotrophic respiration

NA

NA

NA

Maintenance respiration
+ dynamic growth

resniration

Constant fraction of GPP
allocation

Maintenance respiration
+ dynamic growth

resniraftion

Fixed ratio NPP/GPP

Maintenance respiration
+ growth respiration
(26)

Carbon

NA

NA

NA

Dynamic allocation

based on phenology,
temperature, light

and water availability

Dynamic

based on age, size,

Dynamic allocation
based on

environmental
modifiers

Branch and stem
fractions constant,
leaf and root
fractions functions of
water- and nitrogen
status

Dynamic allocation
based on pipe-model
and functional
balance theories and
crown allometry

Structure development

Height

Allometric equation (1)

Empirical: based on tree
age, site specification,
tree vitality and
competition

Derived from diameter
increment under
consideration of
light availability
and climate specific
maximum tree height

Allometric equations

Allometric equation from
DBH, competition,
etc.

Allometric equations

Function of stem dry
matter

Follows from carbon
allocation (27)

Diameter

Diameter, density, and
site index specific

stand level-dependent
increment model (1, 2)

Empirical: based on site
specification, tree
vitality and competition

Modified carbon budget
model (8) considering
environmental
constraints

Dependent on carbon
allocation to stem mass
and current DBH of
the tree

Dependent on carbon
allocation to stem mass
and current DBH of
the tree

Dependent on carbon
allocation to stem mass
and current DBH of
the tree

Function of stem dry
matter and height

Follows from carbon
allocation (27)

Mortality

Diameter-dependent

specific self thinning

(1)

Empirical: based on tree
dimensions, growth
and stand density

Age-related,
stress-related

Carbon-based stress
mortality

Age-dependent +
stress-related +
self-thinning

Age-dependent +
stress-related

+ self-thinning
with stochastic
component

NA

Competition

Example
applications

1,34

v.3.3: 9; for most
recent version

v.4.0.1 see

10, 11

13, 14, 15

17, 18, 19

20, 21

22, 23

28,

Model
class
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TRERSEAE MR R

SKAENFE (M)

Fil e
Ia I I I IV \ Va
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70 30-26 25-22 21-19 18-16 15-12 11-9 8-6 70
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90 34-30 29-26 25-23 22-19 18-15 14-12 11-8 90
100 35-31 30-27 26-24 23-20 19-16 15-13 12-9 100
110 36-32 31-29 28-25 24-21 20-17 16-13 12-10 110
120 38-34 33-30 29-26 25-22 21-18 17-14 13-10 120
130 38-34 33-30 29-26 25-22 21-18 17-14 13-10 130
140 39-35 34-31 30-27 26-23 22-18 17-14 13-10 140
150 39-35 34-31 30-27 26-23 22-19 18-14 13-10 150
160 40 - 36 35-31 30-27 26-23 22-19 18-14 13-10 160
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TRERHE AR LA R

SAEMRE (M) i
Fie
Ia I I I IV Vv Va

5 5 4 3 2 1.5 1 5
10 7 6 5 4 3 2 1 10
15 11 10-9 8-7 6 5 4-3 2-15 15
20 14 13-12 11-10 9-8 7-6 5-4 3-2 20
25 16 15-13 12-11 10-9 8-7 6-5 4-3 25
30 18 17-16 15-13 12-11 10-8 7-6 5-4 30
35 20 19-17 16-14 13-12 11-10 9-7 6-5 35
40 21 20-19 18-16 15-13 12-11 10-8 7-5 40
45 23 22-20 19-17 16-14 13-115 11-8.5 8-55 45
50 25 24-21 20-18 17-15 14-12 11-8.5 8-6 50
55 26 25-23 22-19 18-16 15-13 12-9 8-6 55
60 27 26-24 23-20 19-16.5 16-13.5 13-9.5 9-6.5 60
65 28 27 -24.5 24 -21 20-17 16-13.5 13-10 9-7 65
70 28.5 28-25 24-21.5 21-18 17-14 13-10.5 10-7.5 70
75 29 28 -25.5 25-22 21-18.5 18-14.5 14-11 10-8 75
80 30 29-26 25-23 22-19 18-15 14-12 11-8.5 80
85 31 30-27 26-23.5 23-20 19-15.5 15-13 12-8.5 85
90 31 30 - 27 26-23.5 23-20 19-15.5 15-13 12-8.5 90
100 31 30-28 27-24 23-21 20-16 15-13 12-8.5 100
110 32 31-28.5 28-25 24-21 20-17 16-13.5 13-9 110
120 33 32-29 28 - 26 25-22 21-18 17-13.5 13-9 120
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MR (WD

Bl BUNA— W B AR EH 21.0 m, BI8H 28.0 cm, WEETEEH 0.7, R IEILACS K2 %
. HEM IR CE R BUEN 0.20) .

B2 STER IR AR ET7, BEEEAMKFEERS 18m (7, JHEh &SN 28I, £ 15m %)
R LR RO 15m, BIAREEECN 1.3m, SRAZMOARRI =L

B3 WHLFRTEM A h=13.6m, ba=0.0283m?2, v=0.1572m?, Wit &L 1.

B4 EAMAMRIRAZHMATHAN 14 ha, FLTEE 20m*30m Rt —He . vkt A A 45 58 & — o
FURFTR, SRS R FR S AR B B R &

B4.1 BRI RSETTR

ZBr cm 4 6 8 12 14 16 18 20

TS stem 9 16 8 9 3

HilAk stem 1 2 5 5 4 1

B4.2 —TCHRE

ZHr cm 4 6 8 10 14 18 20 22

A m? 0.00487 0.01236  0.02421  0.04077 0.06243  0.08949 0.16100  0.20590  0.25720
WA m3 0.00432  0.00702 0.01522  0.02635 0.04211  0.06258 0.11450  0.14480 0.17750

BS WHARTEM A h=13.6m, 1% 2m X/3rBX 7R, BEEAENS R FRIR, FFH#
viFE RN 0.1572. EIFELLFEIBE SRR fis fo qo1 90, q1, 42, q3.

I, m di, cm gi» m? note
0 21.6 0.036 Az
1.3 19.0 0.0283 JiiEe
1.36 18.8 0.0277 1/10h
2 18.4 0.0266

34 153 0.0184 1/4h
4 14.2 0.0158

6 12.0 0.0113

6.8 11.2 0.0098 12h
8 8.0 0.0050

10 42 0.0014

10.2 4.1 0.0013 3/4h
12 2.8 0.0006 R
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B6 F: W MRk, SEIAUN 6.4 ha, BB 20m*30m bRkl —B, TEMRAE AR LR AR R 45 R &
Wi BT RRER R (D WA I B D () WHEIZMA) EE Viot; (3D
Mo MR R EL, 5 AR AR

B6.1 IREMEARR RS TR

ZBr cm 4 6 8 10 12 14 16 18 20
1114 stem 3 8 12 16 14 7 2

I HE stem 2 5 2 11 6 3 5

B6.2 —MRE

ZHr cm 4 6 8 10 12 14 16 18 20
¥ m 0.004 0.006 0.016 0.029 0.046 0.067 0.091 0.113 0.161
FHE m? 0.004 0.009 0.019 0.032 0.051 0.075 0.103 0.135 0.171

B7 JEARMEMIRE AR REIR N TR, T THE b 1P i1z .

ZH cm 8 12 16 20 24 28 32 36 40

PR stem 10 24 21 27 22 21 9 7 1

B8 - EAAKMTHAR N 7.9 ha. TRV E 20m*30m Frifith—He . HRIEFRAERBAFAKS R &5 5, w4y
15 55 T T A BA=2.0144 m?2, FR73F34 1 H=16.0 m. i HRAE N 71 D B AR £ T BZ AR B AR V.

H, m BA, m2/ha V, m3/ha H, m BA, m2/ha V, m3/ha
10 27.1 145 17 41.6 340
11 29.4 169 18 434 372
12 315 195 19 45.2 403
13 33.7 222 20 47.0 435
14 35.7 250 21 48.6 466
15 37.8 280 22 50.3 498
16 39.7 309 23 51.9 529

B9 CLRANLVR M FABK T M AR 25.6 m2, MRIM-F X 21 m, VEMFATHISEIe 40 0.41.
HiItHRZR ERE.

B10 KAnMEIRACAM LI 3 A B, W 2 MR R A (PL, P2) , MU R %L Fe=1.0,
TR — TCMBE R T S AZ AR B B A

B10.1 AHEHIRREK

#ZHr cm 4 6 8 10 12 14 16 18 20
HE1FA Pl 0 1 0 1 2 2 0 2 1
2L Pl 0 0 1 2 3 0 1 0 0
iR P1 0 0 0 1 0 0 0 0 0
41l P2 1 0 2 0 3 2 0 1 0
ZIHE P2 0 1 0 2 0 2 1 0 0
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MR P2 0 0 1 0 1 0 0 0 0

B10.2 — MR E

#ZHr cm 4 6 8 10 12 14 16 18 20
RS v,m® 0.00487  0.1236  0.02421  0.04077  0.06243  0.08949  0.12230  0.16100  0.20290
M v, m3 0.00432  0.00702 0.01522  0.02635 0.04211 0.06258 0.08622 0.11450  0.14480
HHR v, m? 0.00512  0.00925 0.01856  0.03122 0.04955 0.07012  0.09625 0.12250  0.15180
1A f 3.04 3.43 3.78 4.08 5.52 5.82 6.09 6.33 6.56
ZIHE £ 2.44 2.48 3.03 3.36 3.73 4.07 429 4.50 4,61
HAR £, 3.08 3.27 3.69 3.98 438 4.56 479 4.82 4.83
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MW ZEIEE (PFD

Ml RBEFEARGFENSE 100 ha HTET RAMFEHOERAE, AEEREHETFHEA
HHARKBERE. BERE 5% BEXET, TAFHEEAED 156 n'/ha, IHHEFERITE
DA 20m*20m B FEAEHL? (O 20 bREZE N 50m’/ha)

Zgrn 2 1.96,2
IR R, 0= () = (F5) st =428

CLANREHL A 20m%20m HAE FEREHL, BRHLE A A 100ha, HETA FREAARR KN N
100

N= 30xz20= 10000 >°°0
g 4268
n= (1+ E) = (1+ 1365 =41.96
&, ST R SR BT W R N 2500

gi LR, THEE 42 U EREHL, A RS B E M AL 5% EEXE TR, " RvriEEARS
#it 15m’/ha.

M2 FEARIZFTE 20 ha MHthiR RERH 7 AL 3 BHETHEHIAE (BN 20m+30m SEFEFEML) , 7MR1R
BEHABEERNTENR, RAtESEEAMBERLEER, BIMNKREAHERLEE
R, PARFAHDARAER

o3 B K FEHLE B

A A, ha FEHL n HREHBATER v (n'/ha)
A2 10 8 36 42 41 42 30 35 43 44
BRI 6 6 80 83 77 8 72 68
B 4 6 122 135 140 127 136 121

HETHMTHSERATMAT I ERE (/i) A4

" 8
lz lz 36+42+414+424+304+35+43+ 44
Yii= Yu=

fi=— > vii== =39.1m?/hm?
- ny ]
1 1
fiz &
- 1 1 80+83+77+8B8+72+ 68 3 3
Yi=—p yu=-) ¥u= =78.0m*/hm
3 B &
1 = 1 © 1224135+ 140+ 127+ 136+ 121
+135+ + + +
;3 = — V3 =EZ Vii = 5 =130.2m3.fhmz
n3

1o .
syt = —Z (s - }’1}2 =211
FEVF S E AR IR Z AT, B e B AR 1T 22 ™

iz
1 -
=223, bu=52)' 443
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1o .
s:,-gz = —Z '[::L’g! - y;_}z =52.5
HEEAE 23 TR A 3 AR H AR 1R -

[
L |( _ﬂi)f-'yl _ |( B 8 JZLZ_ 3
sﬁ_J - Erall 1— oo —=—=1.59 m/hn’

| |
2
n2Y Syn & 44.3
g = |(1——2)__— |[:1—m} 5 —ZESmaa"hm

[
6 1525
R o |1——}_:z.53 3/hm?
\|( 170.06) & e

BEM B ERD
y = Ay =10 X 39.1= 391.0ns

b

Ty =4, =6 % 78.0= 468.0n’°

=3

3 =433 =4 X 130.2= 5208n
FEMA L BRI HER N

5§, = Mllrm'ff'lj = J.Ellzrwr{ﬁlj = /10% ¥ 1.59° = 15.9m°

= = J’.L"m*[frg] = Jﬁfrmﬁ;) =6 % 2,632 =15.6m°

53, = ,qlleEf"a] = Jlﬂazrmﬁa) =2 %2832 =11.3m°
BN PRHB X I 2 B A BURAR BN

10 ] 4
Foge = ZA =2Dx391+ X780+ — ¥ 130.2=69.0m* hm?

20 20
fﬁfhﬁi\ﬁ{ﬁmﬁ
_ | | 1042 62 142
= Z( )1,m'|[j:r}— |(2DJ x1592+(2DJ xz.632+(ﬁ] ¥ 2.832 = 1.25 m*/hm’
%A$$i1ﬁﬁﬁ,§\§7r/\

Type =11 +T2+T3=391.0+468.0+520.8=1379.8m°
A BRI AE R A«

3
S = |Z;mr[i} = 2+ 2+ e 2= 1592+ 1587+ 1132 = 25.1w
_ ST
=

M3 AR b EE St U A T E O MOR AR AT it (R M3, 1) il 42 iih 24
THE A IEM R T RE IS, IR et R I 45 SRR Y s 30 I e FH O v Eﬁﬂé)%lfrﬁﬁ’]%
eI T TN 7 S T

RIS R AT B T2 i — R ST B e, Ry iih 2 o B AR 1 25 B A X 2 PO 48 i
165 EAEABRECIEAT 2RO TR B . R B B B2, ARIEAR - PI9EAR (D) Bk g 2k

A HARR A, BRI AT R R R EE AT p AR e R E B AR KT
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FM3. 1 TR N AR e 0 E Hodfs

F5 He IS P JHgfz Gl P JHgfz Gl P Jhgfz Gl

1 11.9 6.90 21 12.5 10.40 41 18.2 10.00 61 15.5 10.95
2 8.6 6.75 22 11.0 10.25 42 14.8 9.65 62 13.2 10.90
3 7.5 6.00 23 9.4 9.70 43 12.5 9.15 63 10.1 9.90
4 5.3 4.50 24 6.6 8.95 44 10.5 8.70 64 14.0 10.80
5 42 5.30 25 20.9 10.80 45 8.1 8.80 65 27.4 18.90
6 21.2 18.50 26 17.2 10.90 46 11.6 9.40 66 225 17.33
7 28.1 18.80 27 15.0 9.50 47 12.0 8.90 67 20.6 16.70
8 24.7 18.90 28 12.6 9.20 48 17.5 10.00 68 18.6 17.73
9 213 17.80 29 8.8 7.80 49 16.3 10.35 69 15.6 14.80
10 19.9 18.60 30 26.8 18.50 50 13.9 9.55 70 33.6 20.00
11 15.7 17.10 31 24.6 18.30 51 11.5 9.90 71 31.6 18.60
12 8.6 8.00 32 22.0 16.90 52 8.0 9.10 72 29.4 18.45
13 13.3 9.30 33 18.8 17.50 53 12.2 9.65 73 26.7 16.43
14 11.1 8.50 34 13.5 15.50 54 10.5 8.40 74 254 15.10
15 10.3 9.00 35 143 15.10 55 20.9 14.90 75 27.5 19.00
16 8.5 7.65 36 20.7 16.50 56 10.5 10.20 76 25.2 18.35
17 6.5 7.40 37 17.2 14.90 57 10.3 8.95 71 242 19.00
18 10.5 10.00 38 15.2 13.60 58 10.9 8.60 78 22.8 19.15
19 9.7 8.95 39 13.2 14.10 59 20.0 11.30 79 19.9 18.15
20 15.7 10.75 40 10.7 14.20 60 18.2 11.65 80 20.1 11.60

e il 2 SE B — A PR M 2R, (ELR] 0 BORHRE B T2 0 il 20 2 A ), e ZUE A
A B ORUIE 28 S Ik P 2204 B 8 R AT S X B E AT R, TP B BT ST 08
k

Azzfi(HOi _Hn)

i=1
A A H(m)
A=3 30
2/
i=1 95 ¢
o A—BE B, :
S5 i R R AR &
H o, — 55 1 B M348 15 |
H , — 55 1 1 MR T 320 85 ) i 20 oL
k_ﬁélzfl\/l\ﬁl, 8 12 16 20 24 28 32 36 40 D(cm)
A— PRy, F2-5 B

MRAE B ZZI 478 “-7 B L ik, BB 0 h 2 2 P B R SR T “0” Bk “0”,
AT UG o SRS IR 2 it 26, A RIE AT, BRBIRAR ML R A ZR ., &
U R LRI AR i i 24 1 222 il i

ZIETTIE. R ML 2 A T BARNER 22 Fb mth 2875 R o SEBR TAE, ml DURSE AN R BB
Fibide XS vy i 2T R € SRR R AR ) IRAE T B RN (MBS EHES
RS DUE R0 ) FIRT AT 45 Bk E: b) 16 a NREMIE RIS OLT, @i Wi [ 48 &0 K
A 7 U, R RIREE R R AR . Iy — A B AR, AR AR B 4
BN RIREAE B 2R AR, (B, WT 2 NEREFE, TR RKMHEEE
M 1R Ef O AR TR o T 3 T AR AR SRACL IR AL AR AU 45 2R, IR Il 70 A A B AR AT [
A2 AU BRI E -

SE . WA AR I HIRETTRE . AR DT RE ORI 4%, S T L R (g AR e bk
[, 280 f5 R AR DA, flan, foh — ik, EARZPERNABR S5 AG THi
PIRAE MR FE AR 2. WURPIIR IR A Y, BUnT RENCEURTE, B8 WS /A ME, B &
AL
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= M3. 2 M 2T RE

TR BT
b
2 H=a-
R D+c
31 /K (Roasicp,  1878) H=13+aD"e"
b =25

Goulding (1986) H= 1.3+(a +Bj

b
Schumacher (1939) H=13+ae P

b
Wykoff et al.(1982) H=13+ae @V

b
H=13+ae ®

Ratkowsky (1990)

a
Hossfeld (1822) H=13+ R
aD
Bates and Watts (1980) H=13+ b+ D)
2
Loetsh et al. (1973) H=13+ @+ bD)
, H=13+—2
Curtis (1967) : A+ DM
DZ
Curtis (1967) H:1-3+m
a o d=1 28 At %
Levakovic (1935) H=13+ b0 ) L
a
Yoshida (1928) H =1~3+m+d
a
Ratkowsky and Reedy (1986) H=13+ 1+bD)
Korf (1939) H=13+ae™"
& Weibull (Yang, 1978) H=13+a(l-e"")
a
Logistic (1838) 17'=1.3+—I§j52j5;
Mitscherlich (1919) H=13+a(l-be™ )
Gompertz (1825) H=13+ae®"
Richards (1959) H=13+a(l-e ")
Sloboda (1971) H=13+ae"
Sibbesen (1981) H=13+aD""

gitRK. 46 S RIEBEMSHUG AR, P RS Gt &, ARk LA R
B 2=3 ) AR AR R e A R AT AR B2 20 AT MBS A B

o T PR Py 2Rk R BE AT LLSE A MSE, R®, R, AIC F1 PRESS Z54U-& St i fAE R L A1V
AR bRt . Gt E R IA B AR LR 5 R .

BREWT (MSE) MSE = SSE /(n— p)
MSE St i) 32 Hh VR e e AL bt — MO 33 ELAT S5/ MISE i 1) 4635 [ AV Ay d A
SR, 250 T3 9 H AOTE TG THS B i ik 58 — MR T4 B (), X 7 V2 o & 1

WIS BT 1 B SN 1B — A T 3R A AT S THE A2 OMROll B IR0 3 438 22 S 0k B D,
MSE Sttt 5 m] e 1% 4% LA R 78 H o
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@© p HIRKEF, 22 MSE XFR T p NMEE K R, MSE BB B 55— KK PFL L s,
MSE 52k (19 R KR T 82 MH, KN MSE {H% 82 Al s Al v {8 -

@ &G PP R A, N DU AR EL A R G BN, B AR
s G BAGHENRNIET 62 {EK MSE {H.

T (RD R*=1-—"0

B T BRI E, RESR/N, R, R R S KA F R T FE AR -
WH R IRAE N %A (a) ZREBADBY; (o) RESEHR EANT R2nax (R IIRKMED
IR SRR KRR b BT AR B A AR T AR 2 oy, R, T DUM RN LT p B XA
SRR SR T AE p (ERITE LS R ELREHE p (EL AV MTHEIE T R2max (K LB ZR . 28T, A4
R B REZIR TR R, XA RO R p (B AR R R 8 i A

BIERAAIRS (R R’ =1—(1—R2{”‘1j=1_SSE(”_‘1j
SST

EANGEHHR AR b5 MSE 554y, MSE B8 TR, Bk, (EL B iobaE, MSE BT R. .

PAEA 2300 URD 2 T I e v B — AN SE R sk e, BIAETH S sl T ZE I, 1% 3 ¥ E
AL 2 E IS . PRESS Giit & ik T ix — s

BF 7 MG’ (PRESS) PRESS =) (y,-5,)’

i=1
Ry WA Y VI
Py PRI R 1 AEAUIEIT , 2 p A2 SR 4 7 R A
BB | ML x, (A y (T .

PRESS Ziit TS, BORMEH] n MAFEEE, ARG p PSRN )5, T4 E1H
PR AN PRESS Gttt o SRH] PRESS Si it LAY, SIZfr bt s D0 IR AT A Al A IS AH
JERERRTT . AR EFBN p ERRRR, 5 R PRESS fEIF A L& 4T PRESS
{6 F 550N PRESSmin (BRI R MR o JT4EOK, AAITHKIBZ WK AT PRESS Sttt A Jyif A
RUBRUE, Rl Ty A H IR, XA g8 B B s . R, SEdRAd £
I, R TAERED R,

Akaike 15 BEAEN (AIC) AIC = —gln(SSE)— p

AIC et &N B3z, RIT I 8] 5 50 20 A At ) IR e S it i s, R ml T [l U AR
M. SR AIC R I FR R B0l (13—55) X B/ B R T4k,

FER AL IR o, 35X 5 NG EAR N RS R 7 (048R, 70 Hr K 5K 24 MSE ., PRESS
FAICAE/N, R2FIRLAEKITTRE . 2 RO IX e G Tt E A N PP A 4 32 RIS bR v, 2 DX 5]
PARHAN RIS DL -

@© P O S MR B A M F AR BN (p FERFI OB N A FHO -

@ AV R B AR EN (p AR DB AL .

W BT B4 B A B 4 A [R], U] MSE, R2, R%, fil AIC Sit & 2% MbniE. filtn, B &/
MSE {8 FRBE R [FRE B 45 B KA AIC, R2 AT R2, {B . PRESS Siit & Al HAth 4 ANbrif e DL E 2L, T
DL PRESS {E IR/, 7] e 5 HAh 4 AMrvEFTHEOT AN o 28110, MFEA B ITIR KBS, PRESS
R 5 MSE B AHIE, 7EXMIEMLR, B PRESS ¥ 2x 5 HAl 5 MRAEHET A —F.
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M4 FEARIX 30 MHMA AP A BRI ElR SR FERBER N TR, KRB, &
BERTE, WEAIWR-FREERTIEE.

No.  #Fi# (a) FHE (m) No. & (a) FHz (m) No.  F# (a) FHz (m)

1 62 18.1 11 34 11.0 21 46 12.4
2 20 8.4 12 25 6.3 22 39 11.5
3 15 8.7 13 60 20.0 23 22 8.0
4 36 131 14 47 13.8 24 31 15.7
5 30 9.9 15 67 17.8 25 50 17.7
6 18 9.9 16 52 18.7 26 62 15.4
7 35 12.1 17 40 14.8 27 34 14.3
8 38 17.0 18 42 11.8 28 45 16.8
9 60 18.9 19 50 18.8 29 53 16.5
10 66 20.0 20 25 11.8 30 58 16.0

(1) EZARD-F MR 5 FEAT 2 RAE, KRS -FRE AR, BE R LT & 0H
A 5HE w0y EAE (G AL TR THEIR) o

4 FHNE m)

dEpES (a)

A7) 2 X 14 Schumacher 4L, & SPSS JE& MM A B, B 3t 2 H e mds Lt 17457,
Schumacher ZA2 P, A4k a AW S AE KM KL, HHB LA 25, FIMEL 20 FuHo-FHRZ
A 8m. AT AAL b s it H AR T

BN a, Wi FHEAEF: 8 =25%xp(-b/20)
i B AT In(8) = In(25)-b/20
BRbAE4: b= (In(25)-In(8))*20 = 23

RARF SR afo b QWIEAED AR 25 F2 230 Jo R IEAER R XA ER, T
SARIEAT B R T AT S A B A, BRI IEIRI AR BT E

(2) AR SPSS Ak &= Ja b, M EFHATEN, CIEF tFfrtd H, RAKFE (RALEE
BEAEIA) o # Analyze—Regression—Nonlinear (9 #7-B12-JF &) 54T L3464,
T¥ HM &)k EH BT E, #A Dependent ¥ . £ Model Expression 4E ¥ #ir A A& i+ 694 A &
A X a*exp(-b/t). 7 Parameters 4B ¥ ARAE AT @it H o928 R, R a (9 IEIAA 25, b BIMIARIE N
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23, 7 Save $FiEHEIELE Predicted value. Residuals &30, BVA]A4: sl AN A HO R B TN 5
FREE.

(3) Sy 4
SPSS fESE AN A TG, ARG ks, Xt DA Hras REATI .

Iteration History®

Residual Sum Parameter
Iteration Number?®
of Squares a b
1.0 140.767 25.000 23.000
1.1 134.191 25.402 22.273
2.0 134.191 25.402 22.273
2.1 134.189 25.369 22.236
3.0 134.189 25.369 22.236
3.1 134.189 25.367 22.232
4.0 134.189 25.367 22.232
4.1 134.189 25.367 22.232

AR AR P A TR RSB R RIS E ay b B THE, ESRFRZEF 5 L R (1 AH
XD BN TR E WA 1. 0E-08 IR L.

Parameter Estimates

95% Confidence Interval
Parameter Estimate Std. Error
Lower Bound Upper Bound
a 25.367 2.013 21.244 29.491
b 22.232 3.243 15.590 28.874

ZHATHERSH T a b R ZHAL, brEiR, 95%E (5 X B LN . a=25. 367, b=22. 232,
ISR i 220 CRE A2l -

H=2 5.35? 9—22.232."'5

LT s L LN

[=]

&

%5}'}-?‘1‘ (al
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Correlations of Parameter Estimates

a b
a 1.000 938
b .938 1.000

SR THE R R, IRFTRER R THRM S 80d 2 (B> R S 80 REAR 4F 1 4L
SR, SO I AE R R (RS SR A

ANOVA?
Source Sum of Squares df Mean Squares
Regression 6330.471 2 3165.235
Residual 134.189 28 4.792
Uncorrected Total 6464.660 30
Corrected Total 438.159 29

Dependent variable: H
a. Rsquared =1 - (Residual Sum of Squares) / (Corrected Sum of Squares)

=.694.

ANOVA 2t T ARZR MR it B i 22, oo A3 R S 7R T Hi A S R, sk
PR SRR ART 22, e R EB AT REA2 SUH -

M5 CLAIFEMKIX 30 MMAA MR HIA BRI MR SR F IR R R (M4 , EAREFEHEEE,
BHEERHE, MEIZAX A AR,

(1) ARFEFR R, IR & 5 T R BB &, U I 51 Bk
R TR I

(2) HARHUIRI ARG Sads, M ELMERABE R, aIFesl— % Pt
PLED

(3) LLiZ I th 2 kit vk Sp ik 2B AR 22, DA 3 1% (B2 i) pRifEEN BT
BR, o S e

WA SPSS R A ThRERT . 7E Save XM UHFHEHILETE Predicted value. Residuals 35,
RIAT AR Bl AN HidE i AR B A S Ak 22 i . 45 R N B R
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1R 2.3.5av [DataSetl] - IBM SPSS Statistics Data Editor = =

File Edit View Data Transform Analize DirectMarketing Graphs  Utilities Add-ons  Window  Help

SR M~ BLAFE K EE BoH 0% N

|1:rResiD | 7677813180102 |visible: 4 of 4 variables
t | H [ prep. | RrEsD [ va [ v [ v | var | var | var

1 62 18.1 1772 38 =
2 20 8.4 835 05
3 15 87 576 294
4 36 13.1 1368 -58
5 30 9.9 12,09 219
6 18 9.9 7.38 252
7 35 12.1 1344 134
8 38 17.0 14.13 287
9 60 18.9 17.51 139
10 66 200 18.11 189
1 34 11.0 1319 219

12 25 6.3 1042 412 L

[ ———————————————————————— [F

-—nn.

oo i
I

IBM 8PS83 Statistics Processoris ready\ | \Umcode'DN \ | | ‘

Ferp PRED_NRERUTUME, TR RESTD Sk ZE{E . WP ZEINAE XRHME Ja T SEARUE RS, 4% 3 firbrifE 22 R
W, AR EATHER T 3 PRt

(4) FI T A, ARIE P EA KR S, Bk E o Y EEK .
X B IRAK A SPSS Analyze—Regression—Nonlinear (43#r—[RIH-JEZE1%) Thie BE A 28,
BE TR

H — 2 5.11? 9—21.391."'5

(5) MRAES RPN B S SE PR e, VAR WS R 22 R A A 22 S5 R B 1) [ 1 i 2k

B ARG R T /D, e Ja 2R B s U 3 A, IHRARIEEE RO R, TR
THE R IR ZE A AR HE % o=0.921,

(6) WKAEM PRt 2 O ), KW mbrdEZ 2k, DL 3 fbnE 2w e st 2 22 1 R IR
HESR

c

= 15 —_

= =r=rH3q
& 1

k H3a
¥ ¢ plots
%

oAz 2 BT BR R Bdfa O

(7 At 7 BR b 2 i S R T AR B 00 RO 2 K, R & 00 ik e B 2 BN ER, Bk
TR AL gL
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WAL 5~T %%, LAB BHy T LI FF SRR R L B IS, X L Tt
HEBD, BABCKHE D 3 N

AR IX A LA, 23R
S () - R () II I IV
20 9.5-11.4 7.7-9.4 5.9-7.6
30 13.2-15.1 11.4-13. 1 9.5-11.3
40 15.6-17.5 13.8-15.5 11.9-13.7
50 17.3-19. 1 15.5-17.2 13.6-15.4
60 18.5-20. 3 16.7-18. 4 14.8-16.6

SLHFEHCR (BPRIALAR R G -5 A SR G ) VRS, XOAAE T R P AR S5 A v £
o SR ITEAbRHEZ R RS RBOR R KA RS R R B, fE P R
ZRH .
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M6 JEARIZXT FTEAR X A BRIAA AR T R AR AT, TRAEE IAIZ R 40 et ids, EM
FEUTHMER, SEIZMAREMRAT 2REERER.

B IIAz SR8 40 S b AnAF Mo d AR

FE T FHAE o % B o B & A2 ﬁf%ﬁ o & AR
m

(a) (m) (cm) (#/hm?) (m%*ha) (m?)
15 6.3 7.1 3086 12.1 0.0140 432
20 8.7 10.6 1764 15.6 0.0399 70.4
25 10.6 13.6 1261 18.2 0.0759 95.6
30 12.0 16.0 1008 20.2 0.1169 117.8
35 13.2 17.9 859 21.7 0.1594 136.9
40 14.1 19.6 762 23.0 0.2014 153.5
45 14.9 21.0 694 24.0 0.2417 167.8
50 15.5 22.1 644 24.8 0.2798 180.3
55 16.1 232 606 25.5 0.3154 191.2
60 16.6 24.0 576 26.1 0.3486 200.8
65 17.0 24.8 552 26.6 0.3794 209.4

E: AP tREMSFH (), HETHSF¥HE (m) , DEZTHS-FHMEZE (cm) , G REWRS BT
#% (m%ha)

(D) gioRER, & EXWMBREA, LR AL L REAT IS (R AR A7 28 B
RARED » AHLETER AR T (ERPEERZPED

(2) 7RG L, SaAPICMIORiEAEE, DIER t VAR, @i H-t.
D-t. G-t FYmI AR, W vy AR S AR oy Wi AR AR AT LI R B8 7 R HEAT 10,45, X HLIRA 1L 62
B /b1 Schumacher J5 %, [R5 3

H=22.841¢ 13251
D= 36.140¢ 24307/
G=33.767¢ 12443/

% 11 Az B b Aok &

FE H Jﬁéﬁﬂaﬁ)ﬁ o % B F B & 2 ﬁz&gma o % AR
cm m

(a) (m) (#/hm") (m’/hm") ) (m")

15 6.3 7.1 3086 12.1 0.0140 43.2
20 8.7 10. 6 1764 15.6 0. 0399 70.4
25 10.6 13.6 1261 18.2 0. 0759 95.6
30 12.0 16.0 1008 20.2 0.1169 117.8
35 13.2 17.9 859 21.7 0.1594 136.9
40 14.1 19.6 762 23.0 0.2014 153.5
45 14.9 21.0 694 24.0 0.2417 167.8
50 15.5 22.1 644 24.8 0.2798 180. 3
55 16.1 23.2 606 25.5 0.3154 191.2
60 16.6 24.0 576 26.1 0. 3486 200. 8
65 17.0 24.8 552 26.6 0.3794 209.4

() Rz, EHERZHRIEL . EREEFELE. 75, RIERERRETR, 1L
RR AP LAWK BREMR, AL P RELEFEEKREERNMER .

Moy 2 Rl DUl N 35 N=40000% (G/Pi*D"2)
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Moy AR LLadE I P A T VR4S 2

SEARME T FEE V =0.33123*DA2*H + 0.00805*D*H - 0.00274*D*2 + 0.00002
SEYSEIS RS V = (H+3)*G*f.

HA AR AR AR A KA D, me £ 9SKIGIEHL,  Mka SEIRTE AN 0. 41, IX B AR EER, [F ARl
FEAFMX, FARTTRE 5 S50 20 B A AN -
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MHEIEE (RPD

1. Tree height (H) from a forest stand were measured in one meter classes and tree diameter (D) in 2
cm classes. The following table shows the observed joint distribution.

H

D 12 23 3-4  4-5 5-6 6-7 7-8 89 9-10 10-11 11-12
0-2 0.085 0.08 0.001 0 0 0 0 0 0 0 0

2-4 0.026 0.036 0.098 0.036 0.021 0.003 0 0 0 0 0

46 0 0.003 0.023 0.102 0.13 0.065 0.013 0 0 0 0

6-8 0 0 0.001 0.008 0.033 0.057 0.065 0.063 0.006 O 0
8-10 0 0 0 0 0.002 0.005 0.008 0.013 0.011 0.003 0
10-12 0 0 0 0 0 0 0 0 0.001 0 0.001

(a) Compute the marginal distributions of tree diameter and height.
(b) What is the probability that the diameter of a tree falls between 2 and 10 cm?
(c) What is the probability that the height of a tree falls between 4 and 10 meters?

(d) What is the probability that the diameter of a tree falls between 2 and 10 cm and height falls
between 4 and 10 meters?

(e) Compute the conditional distribution of height when diameter is 6-8 cm.
(f) Compute the conditional distribution of diameter when tree height is 3-4 meters.

(g) Compute the conditional distribution of height when tree diameter is 4-10 cm.

2. Simulate square 20 by 20 meter sample plot from a forest stand, where the stand density is 1000
trees per ha, trees are located randomly, and tree diameter follows Weibull(5; 15) distribution as
follows

(a) Generate the realized number of sample trees for the plot from Poisson(lamda*A) distribution,
where lamda is stand density and A is the plot area.

(b) Generate x and y coordinates for tree locations from the Uniform distribution.
(¢) Generate tree diameters from the Weibull distribution.

(d) Plot the trees using plot(x,y,cex), where x and y are coordinates and cex is the size of symbol which
is prportional to tree diameter.

(e) Fit Weibull distribution to the simulated data using the method of maximum likelihood.

3. Show that if X follows the two-parameter version of beta distribution, then Y =a+(b-a)X follows the
four-parametric version of the beta distribution. Based on this relationship, derive the expected value
and variance of Y .

4. In a forest stand, tree joint distribution of tree diameter and height is characterized
with the Multinormal distribution with E[D, H]*-1=[20, 18]"-1, and cov[D, H]=[9, 3; 3,4]
(a) Predict tree heights for a tree with known diameter of 10 cm using BLP.

(b) List the properties of your estimate assuming that the multivariate normality holds.

(c) Plot the implicitly assumed H-D curve. Hint, predict heights for several diameters with regular
intervals and plot the results.

(d) Write down the mathematical expression of the assumed H-D relationship.
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5. Data plot48.txt includes data from one measured plot. The variables in the data are: puunro=tree id,
pl=tree species (1=pine), xk=x-coordinate of the tree location in the stand, yx=y-coordinate of tree
location in the stand, d=tree diameter (cm), h=tree height (m), t=tree age, igi=basal area growth during
the coming 5 year period, idi=diameter growth in the coming 5 year period, igo=past basal area growth,
id>=past diameter growth. The aim is to model the coming basal are growth (igl) of a tree using
information on past growth, and current age, diameter and height of the tree.

(a) Graphically explore the relationships of potential explanatory variables and igl. What would you do
with the one outlier of the data.

(b) Start from model ig/; = by + b;*ig2; + e;. Check the validity of your assumptions, and find a model
that best fulfills the assumptions.

(¢) Include other predictors and test whether they improved the model or not. Report your final model.

(d) Extra. Using different models for spatial autocorrelation structures, test whether the model could be
improved by taking into account the spatial autocorrelation.

5. File hdmod.R includes functions that can be used for easy application of the longitudinal height
models of (Mehtétalo 2004) and (Mehtétalo 2005a).

(a) Run the code using the measurements given in the example at the end of the file.

(b) Use the model for prediction for a pine stand stand with DGM=30 cm, and two sample trees
measured 10 years ago. At that time, DGM was 22 cm, and the measured diameters were 15 and 22 cm,
and the corresponding heights were 14 and 19 meters.

(c) Plot the fixed part predictions, and localized H-D curves 10 years before and now.

6. Using plots 1-16 of data pinevol, analyze the dependence of tree volume on diameter. Use the fitted
model for prediction for plot 51. Some help for this data can be found in Lappi et al. (2006).
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Terminology

These definitions are based largely on the IUFRO-SAF standard (Ford-Robertson 1977), except where
otherwise indicated (Vanclay 1994).

Accretion: survivor growth plus the increment on trees that died between the first and second
measures. Also called gross growth of initial volume.

Accurate: how close an estimate is to the true value, thus implying precision and freedom from bias.
Allometric: a relationship which maintains constant proportions so that Y = alpha*X”beta or
InY = In(alpha) + beta*InX (e.g. the volume of a cube is the cube of its side, irrespective of its size).

Anamorphic curves: a series curves or equations scaled so that each is a simple constant times the
base curve. For example, the high curve might be 1.2 times the average, and the low curve might 0.8
times the average (cf. polymorphic).

Basal area of a tree (g): the cross-sectional area of a tree stem (including the bark) at breast height.
The basal area of a stand (G) is the sum of the cross-sectional areas at breast height of all trees on a
defined area.

Bias: the difference between the expectation of a sample estimator and the true population value,
systematically distorting results. May arise in sampling, measurement or estimation due to poor
calibration of an instrument (e.g. a stretched tape), or by favouring (perhaps unintentionally) one
outcome over others.

Binary variable: a variable that takes the value zero or one.

Breast height: standardized point for measuring trees, usually 1.3 m or 4.5 ft above ground level,
depending on the country.

Cohort: a group of individuals which are similar in some respect. For modelling, a cohort of trees
would normally be the same species, and have similar size.

Continuous forest inventory (CFl): a method of dynamic sampling using permanent plots which are
often systematically located and invisibly marked so that they are treated the same as the rest of the
forest.

Crown competition factor: an index of competition based on the potential open-grown crown area of
a tree, expressed as a percentage, cf wo cf C =100E(Bc /4)/2 10000. Canopy closure occurs at about C
=100, and high values indicate more competition (Krajicek et al. 1961).

Crown ratio: the ratio of full live crown length to total tree height.

Cutting cycle: the planned, recurring lapse of time between successive harvests in a forest stand.

Dbh (d): diameter at breast height (1.3 m or 4.5 ft, depending on country) over bark. Trees with
buttresses are usually above the buttress instead of a breast height. Dbh and other diameters may be
measured with a calliper or a diameter tape.

Deliquescent: tree growth habit usually found in "broad-leaved" trees, where the stem is not
continuous from the ground to the tip of the tree, but merges into the crown either gradually or
abruptly. Cf. excurrent = coniferous.

Diameter tape: A tape measure graduated in B units (e.g. cm) so that the diameter may be read from
the tape when it is placed around the circumference of the stem.

Dominant: one of 4 crown classes (dominant, co-dominant, intermediate, suppressed) based on
relative status of forest trees. Dominant trees have their crowns in the upper part of the canopy and
are largely freegrowing.

Dynamic inventory: inventory on successive occasions to detect change, usually by sampling with
permanent plots.

Even-aged: forest stand composed of trees of approximately the same age (i.e. generally the
maximum range in age should be less than 10 years).
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Expansion factor: the number of trees (per hectare or per plot) represented by a single record during
simulation by a tree list model.

Experiment: A planned inquiry to obtain new information or to confirm or refute an hypothesis or the
outcome of a previous experiment, using a formal procedure (the experiment design) to control
factors which may influence the outcome.

Explanatory variable: a variable which is used as a basis to predict other details which may be more
difficult to measure. E.g. diameter may be an explanatory variable in a volume equation to predict
tree volume. Also known as an independent or regressor variable.

Extrapolation: prediction beyond the range of the calibration data (cf. interpolation).

Fecundity: the number of individuals produced for each mature tree in a matrix model (cf.
recruitment).

Forest: a plant community predominantly of trees and other woody vegetation, growing more or less
closely together.

Girth: the measurement around the stem of a tree or log. When you measure a tree with a diameter
tape, you measure the girth to get an estimate of the diameter.

Growth: the change in size of an individual or stand of trees (cf. yield).

Harvesting: refers to both logging (felling and extraction of timber) and thinning (felling in an
immature crop primarily to stimulate growth of the residual trees). | refer to thinning in immature
pure, even-aged stands, and to logging in uneven-aged mixed stands.

Heterogeneous: implies that members of a sample or population differ to a greater or lesser extent,
in respect of some or all parameters of interest (cf. homogeneous).

Heteroscedastic: heterogeneous variance.

Homogeneous: implies that all the members of a sample or population are similar in respect of some
or all of their parameters. E.g. homogenized milk is treated so that it retains the same composition
throughout (i.e. the cream doesn't float to the top). Cf. heterogeneous.

Ingrowth: individuals entering a size class in a size class model (cf. upgrowth, recruitment).
Interpolation: prediction within the range of calibration data (cf. extrapolation).

Inventory: measuring and recording the number, size, condition, etc. of one or more species in a
forest, generally above a specified size limit, either by total enumeration, or by sampling using plots.

Light-demanding: tree species which are intolerant of shade and require sunlight to grow
satisfactorily.

Logging: felling and extraction of timber from a forest.

Markov assumption: that the transition probabilities in a Markov chain depend only on the state of
the system and not on any external factors or past events.

Markov chain: a representation of a system as a finite number of discrete states.

Mixed forest: forest comprising two or more species, generally with the major species comprising
<80% of a stand.

Model: a simplified representation of some aspect of reality (not to be confused with the normative
meaning of the word, something worthy of being imitated). Specifically in a statistical context, a
model is a formalized expression of a theory. Generally, a growth model may include a series of
mathematical equations, the numerical values embedded in those equations, the logic necessary to
link these equations in a meaningful way, and the computer code necessary to implement the model
on a computer.

Movement ratio: the proportion of individuals in a class advancing to the next size class, calculated as
expected increment divided by class width of a size class model (cf. upgrowth).

Natural basal area: the maximum or limiting basal area which an undisturbed stand will tend towards.
This limit may be site-specific, so it serves as a measure of site productivity.

Natural forest: forest established by natural regeneration (cf. plantation). It refers to forests managed
with selection harvesting systems which maintain an uneven-aged structure.

Parameter: a quantitative characteristic of an individual or population. E.g. the mean, variance, and
constants describing an equation fitted to data.
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Pioneer: a plant species capable of invading bare sites and persisting there until displaced by
succession. Thus early successional stands may be dominated by these species. Typically, these
species have seeds that are light and easily dispersed by wind or animals, and individuals are often
fast-growing and short-lived.

Plantation: a forest established artificially by sowing or planting (cf. natural forest). This book
assumes that plantations are even-aged and single species, even though this is not always true in
practice.

Point sample: a form of sampling with probability proportional to size (PPS) using a horizontal
variable radius plot defined by a central point and an angle gauge.

Polymorphic curves: series of curves of different shapes (cf. anamorphic). Typically used for modelling
height growth, when these curves increase monotonically and do not cross.

Precise: the degree to which estimates are clustered about their own average, or the repeatability of
a measurement or estimate.

Predominant height: the average total height of a specified number of the tallest trees per unit area.
Often determined as the mean of the tallest tree on each of several non-overlapping sampling units.
Cf. top height.

Pure: stand composed principally of one species (i.e. over 80% by stem number, basal area or
volume).

Qualitative variable: a variable that may take n+1 possible values (e.g. 1, 2, 3; A, B, C; or dominant,
intermediate, suppressed; etc.), and which is represented in regression analyses by a set of n binary
variables z, with z; = 1 when the qualitative variable takes the value i, and zero otherwise.

Rainforest: evergreen forest at least 30 m high, rich in epiphytes and woody lianas, occurring in areas
where temperature, humidity and rainfall are high throughout the year (e.g. over 18°C and over 100
mm rain each month, see e.g. Whitmore 1990).

Recruitment: trees that have entered a particular size category, usually the smallest in the model,
during a specified period. Also known as ingrowth, especially in size class models.

Regeneration (natural): renewal of a forest stand by self-sown seed or vegetative means including
coppice, suckers and lignotubers. Artificial regeneration included sowing and planting.

Response variable: a variable predicted from one or more explanatory variables. Also known as a
dependent variable.

Sample: a subset of a population used to estimate characteristics of that population.

Serial correlation: correlation between successive observations on the same sample unit. E.g. if a tree
grows faster than average during one period, it is likely to continue to be faster during subsequent
periods, so errors from the expected growth trends (e=y-y_hat) will generally be positive.

Shade tolerant: tree species able to survive and grow under shade.

Silviculture: the science and art of cultivating forest crops (cf. agriculture). More specifically, the
theory and practice of controlling the establishment, composition, structure and growth of forests.
Site class: an objective classification of site productivity into several classes (cf. site quality).

Site index: the top or predominant height of an even-aged forest stand at a specified index age, often
estimated for stands of other ages using a height—age curve.

Site productivity: the potential of a specified species and site to produce wood. Note that it is the
inherent capability of the site, which may not be achieved by all silvicultural regimes. Site index, site
quality and site class are approximate measures of the true site productivity.

Site quality: a subjective appraisal of site productivity, often by a visual assessment into relative (i.e.
good-poor) classes (cf. site class).

Stand: a group of trees having sufficient uniformity in composition and spatial arrangement to
constitute a silvicultural entity or sampling unit.

Stand table: a table showing the number of trees by species and diameter classes, generally per unit
area of a stand.

Static inventory: inventory on a single occasion to record the present state of the forest.

Stationary assumption: assumption that the transition probabilities in a Markov chain do not change
over time.

Stratum: a subdivision of the population which is more homogeneous with respect to the variable of
interest than the population as a whole. Plural is strata.

Survivor growth: growth on trees that are alive (and above a specified measurement limit)at both the
first and second measures on a permanent plot. Does not include recruitment. Differs from accretion
in that it does not include increment on trees that died between the two measures.
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Thinning: the felling of trees in an immature stand, primarily to stimulate growth of the residual trees.
May include both non-commercial (the thinned trees may be too small or defective to have any
commercial value) and commercial thinning.

Top height: the average total height of a specified number of the thickest trees per unit area. Cf.
predominant height.

Total height (h): the vertical distance from the ground to the highest point on the tree.
Uneven-aged: stand composed of intermingling trees that differ markedly in age.

Upgrowth: individuals moving from one size class to another in a size class model (cf. movement ratio,
ingrowth).

Usher assumption: defining the states of a matrix model or Markov chain so that individuals can
progress at most, one size class during a single time-step.

Variable: a characteristic that may vary from one individual in a population to another, and which
relates to some property of the individual. E.g. height and diameter of trees.

Variance: a measure of the variability of a sample or population.

Voucher specimen: a plant sample taken to assist identification, for lodgement in an herbarium.
Specimens should, if possible, include several leaves joined to a branchlet, any fertile material (buds,
flowers and fruits), and any other distinctive parts (e.g. bark). These should be pressed, dried and
mounted on paper, or preserved in alcohol. All parts should be clearly labelled with tree and plot
numbers, location, date and collector.

Yield: the final size of an individual or group of individuals at the end of a given period (cf. growth).
Yield class: a measure of site productivity based on the maximum mean annual volume increment.
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