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Theoretical growth functions

= Allow interpretation of the function parameters and helps to impose restrictions on
the values that the parameters can take to be biologically consistente

* Theoretical growth functions are grouped according to their functional form in:

Lundqvist-Korf type Richards type Hossfeld IV type
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" Lundqvist-Korf type
K 1 A - assymptote

m k — inversely related to growth rate
Y=Ae Y .
m - shape parameters

(a) Different asymptotes (b) Different k values (c) Different m values
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" Lundqvist-Korf type
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Growth curves for different tree variables

20 -

* All tree variables “grow”
according to a sigmoid curve

dameter at breast height (cm)

* However, the length of the 4
stages is different leading to
different shapes
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" Richards type

A - assymptote
1 k-—rate of decrease of the absolute growth rate

Y — A(l— c e_kt )m (higher values of K produce higher ng Monomolecular (m = 0)
o m - shape parameter (usually 2/3) -+ Gompertz (m -->1)
(smaller values of m result in higher gm\» Logistic (m = 2)

c- for initial conditions such as Y0=0, leads to c=1

(a) Different asymptotes (b) Different k values (c) Different m values

80 - (k=0.05; m=0.2) a0 - (A=90; m=0.02) 30 - (A=90; k=0.05)




{a) Different asymptotes (b) Different k values (c) Different m values
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" Lundqvist-Korf type
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(a) Different asymptotes (b) Different k values (c) Different m values
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" Lundqvist-Korf type Diameter at
breast height
" Richards type :

Volume

Forest Functions Playground

~ http://home.isa.utl.pt/~joaopalma/modelos/fgfp/

check the Forest Functions playground to have na idea about the range of logical values for the

~ parameters before solver

) vV Sum Vthin Vtotal Vest R Vest L
id_stand| year t » Qss = Qss

m3 ha-1| m3 ha-1 m3 ha-1

1981 19 159.05 18.05 177.10 133.6747| 1885.458| 160.1754| 286.3248

1984 22 210.53 18.05 228.58 213.8126| 218.1578| 234.223| 31.81279

1986 24 222.80 53.35 276.15 271.1522| 24.98353| 284.028| 62.05381

1987 25 252.29 53.35 305.64 299.9959| 31.83093| 308.6158| 8.868336

1988 26 261.53 53.35 314.88 328.5765| 187.6078| 332.8585| 323.2425

1989 27 301.98 53.35 355.33 356.6548 1.7668| 356.6811| 1.837247

1990 28 319.22 53.35 372.57 384.0293| 131.3085| 380.026| 55.58649

1991 29 317.44 53.35 370.79 410.5356| 1579.554| 402.8502| 1027.73

1994 32 442 .86 53.35 496.21 483.7076| 156.1971| 467.9373| 799.0917

1997 35 488.93 53.35 54227 546.1542| 15.05316| 527.7311| 211.5059

1999 37 35065 | 22226 57291 581.7006| 77.25198| 564.6751| 67.83418

2000 38 375.84 | 22226 598.10 597.7203| 0.143726| 582.2991| 249.6503

2005 43 437.37 | 222.26 659.63 662.0885| 6.038021| 662.483| 8.132569

0|0 |0 |0 |0 0| T mEmm oW o o

2012 50 513.36 | 222.26 735.62 717.7688| 318.6659| 755.324| 388.2479

4634.017 3521.919

| Richards [} 780.86 l 1
k 0.095 ( Kt W
= — -m
m oges | V=Al-ce
cc 1

Lundquist [YNIEEOELS 1
m
KK 1086891 | \/_ a o ¢ | ]

mm 1.333903

Total Volume
800.00
700.00
600.00
500.00
400.00
300.00
200.00
100.00

0.00




" Lundqvist-Korf type
" Richards type

breast height

Diameter at

Ihdom

N

G

Iddom

\

1 |Plot t dg hdom_est resh2
2 |P1 4.1 15.1 1125 13.30 17.90 12.27 77.72 1170 11.69 Al 62.8445 hdom=A*exp(-k*1/t*m)
3 P1 4.8 17.8 1125 17.11 20.24 13.92 117.06 13.21 20.73 k| 3.369699
| 1 |:|

4 |P1 5.7 19.8 1114 21.10 22.65 15.53 158.49 15.05 22.42 m| 0.494316 _k—— ]
5 P1 6.8 20.6 1114 25.08 25.03 16.93  196.73 17.07 12.17 hdom =4 e t”
6 |P1 7.6 229 1114 27.06 25.96 17.59 23337 18.23 22.23 SSres 1128.514 L
7 |P1 8.7 23.2 1114 29.34 26.90 18.31 260.81 19.73 12.21
8 P1 9.5 24.3 1114 31.04 27.81 18.84 29791 20.77 12.35 use the solver function from EXCEL to fit the Lundqvist function to
9 P1 10.5 24.4 1114 32.31 28.31 19.22 32482 2191 6.42 the data and plot the estimated values together with the original
107 P1 11.6 29.6 1114 34.77 29.42 19.94 399.26 23.03 43.33 data
11 |P1 12.6 29.7 1114 36.85 29.08 19.89 437.25 23.97 32.45 40.0
127 P1 13.8 329 1102 38.42 31.87 21.06 487.86 24.99 63.28
137 P1 14.8 33.8 1102 39.46 32.42 21.35 513.30 25.78 63.94 35.0
14_ P1 15.6 34.1 1080 41.18 33.15 22.04 527.64 2641 59.34
15 P2 41 13.2 1081 5.20 13.12 7.80 2368 11.70 2.25 300
16_ P2 4.8 15.5 1081 7.45 15.17 9.37 3968 13.21 5.21 E
17 P2 5.7 16.8 1070 1041 1705 1113 6141 1505 3.15 g 29
18 |P2 6.8 17.9 1048 14.03 19.27 13.05 90.83 17.07 0.67 gz 50.0
197 P2 7.6 19.2 1048 16.26 20.62 14.05 11538 18.23 0.89 %
207 P2 8.7 19.6 1048 19.08 22.05 15.22 142.64 19.73 0.03 E 15.0
21 P2 9.5 21.3 1048 21.24 23.19 16.06 177.70 20.77 0.32 8
22_ P2 10.5 25.0 1037 22.87 24.15 16.76 219.22 2191 9.57 10.0
23_ P2 11.6 26.7 1037 25.43 25.59 17.67 261.11 2303 13.27
24_ P2 12.6 29.0 1037 24.50 27.60 17.82 29995 2397 25.26 5.0
25_ P2 13.7 30.2 1037 29.20 27.89 18.93 338.79 2492 28.13
26 P2 14.8 31.2 1026 30.65 28.62 19.50 366.52 25.78 29.55 0.0

- 2.5 45 6.5 8.5 10.5 12.5 14.5 16.5 18.5 20.5
27 P2 15.6 30.7 1026 32.40 29.20 20.05 387.67 2641 18.60 Age (years)
287 P3 4.1 10.7 1092 4.32 1091 7.10 16.31 11.70 0.92
297 P3 4.8 12.8 1092 5.84 12.59 8.25 27.30 13.21 0.14 e PL ® P2 @ P3 PA ® PS ® P7 ® P6 ® P3 ® POemmmhdom est
307 P3 5.7 13.5 1092 7.47 14.19 9.34 36.57 15.05 2.45
31 |P3 6.8 14.4 1092 921 15.81 10.37 A7.75 17.07 6.93




SUM e

N Do YNV A W=

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

A

Plot dg
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P3
P3
P3

nAa

X v kK

12.27
13.92
15.53
16.93
17.59
18.31
18.84
19.22
19.94
19.89
21.06
21.35
22.04

7.80

9.37
11.13
13.05
14.05
15.22
16.06
16.76
17.67
17.82
18.93
19.50
20.05

7.10

8.25

9.34

AMn A7

H

77.72
117.06
158.49
196.73
233.37
260.81
297.91
324.82
399.26
437.25
487.86
513.30
527.64

23.68

39.68

61.41

90.83
115.38
142.64
177.70
219.22
261.11
299.95
338.79
366.52
387.67

16.31

27.30

36.57

AT I

=SMS2*EXP(-SM$3*1/U137$M$4)

11.70
13.21
15.05
17.07
18.23
19.73
20.77
21.91
23.03
23.97
24.99
25.78
26.41
11.70
13.21
15.05
17.07
18.23
19.73
20.77
21.91
23.03
23.97
24.92
25.78
26.41
11.70
13.21
15.05

a=T A7

J

hdom_est res”2

11.69
20.73
22.42
12.17
22.23
12.21
12.35
6.42
43.33
32.45
63.28
63.94
59.34
2.25
5.21
3.15
0.67
0.89
0.03
0.32
9.57
13.27
25.26
28.13
29.55
18.60
0.92
0.14
2.45

~ A

Dominant height (m)

L M N (0] P Q R S
A| 62.8445 hdom=A*exp(-k*1/t"m)
k| 3.369699
m| 0.494316 _ ki
Y=Ae "
SSres 1128.514

use the solver function from EXCEL to fit the Lundqvist function to
the data and plot the estimated values together with the original
data

40.0
35.0
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20.0

15.0

10.0
5.0
0.0
2.5 4.5 6.5 8.5 10.5 12.5 14.5 16.5 18.5 20.5

Age (years)

® P1 & P2 P3 P4 ® P5 ® P7 ® P66 ® P8 @® PSemmshdom_est

U vV

t hdom_est
4 =SMS2*EXP(-SM
5 13.73

6 15.66

7 17.34

8 18.82

9 20.15
10 21.35
11 22.44
12 23.43
13 24.35
14 25.19
15 25.97
16 26.71
17 27.39
18 28.03
19 28.63
20 29.20




But how to model the growth of several plots?

B There are several methods to simultaneously model the growth of
several plots:

1. Expressing the parameters as a function of site and/or tree/stand
variables

2. Using growth functions formulated as difference equations - ADA
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several plots:
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variables
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1. Expressing the parameters as a function of site and/or

tree/stand variables . LundqvistKorftype  [CTTSEE BETITTNR

SUM - X v f =($M52+$M$3*v510)*Exp(-sMs4*1/su12A$M$5}\

A G H | J K L M N 0 P Q R S T U v W X Y z
1 Plot ¥ |dg vV = S ¥ hdom_e ¥ [resh2 |~ = = = = = = = = I I I = =
2 P1 1227 7772 2436 14.4 0.6 A0| -0.09344 hdom=(A0+A1*S)*exp(-k*1/t"m)
3 P1 13.92  117.06 24.36 16.0 3.0 A1| 3.356889
4 Pl 15.53  158.49 24.36 18.1 3.0 k| 3.189638
5 P1 1693  196.73 24.36 20.3 0.1 m| 0.431302
6 P1 17.59 23337 24.36 216 1.9 estimate de site index (S) for each plot and fit the Lundqvist function with the A parameter
7 |P1 18.31 260.81 24.36 23.2 0.0 SSres  195.714 expressed as a linear function of the site index and plot the estimated values together with
8 P1 18.84 29791 24.36 24.4 0.0 the original data
9 P1 19.22 32482 24.36 25.7 1.5 S_P1 24.36 200 S
10 P1 1994  399.26 24.36 26.9 7.1 | 15 | 18 21 24 27
1 P1 19.89  437.25 24.36 28.0 2.7 Plot 5 35.0 t hdom_S$15 hdom_S18 hdom_S21 hdom_S24 hdom_S27
12 |P1 21.06  487.86 24.36 29.2 14.3 P1 24.36 — 200 4 |=(sms2+sM|  10.44 12.18 13.93 15.67
13 P1 2135 51330 24.36 30.1 13.7 P2 23.17 % 5 10.22 12.26 14.31 16.36 18.40
14 P1 2204 52764 24.36 30.8 11.1 P3 17.45 & 250 6 11.52 13.83 16.14 18.45 20.76
15 P2 7.80 2368" 2317 13.7 0.2 P4 15.24 %zo.o 7 12.67 15.21 17.75 20.29 22.82
16 P2 9.37 39.68 3.7 15.2 0.1 P5 20.81 § 50 8 13.69 16.43 19.17 21.91 24.65
17 P2 11.13 6141 23.17 17.2 0.1 P6 20.39 £ 9 14.60 17.52 20.45 23.37 26.29
18 P2 13.05 90.83 23.17 19.3 2.0 P7 21.98 0o 100 10 15.42 18.51 21.60 24.69 27.78
19 P2 1405 11538 2317 20.5 1.8 P8 21.53 50 11 16.17 19.41 22.65 25.89 29.13
20 P2 15.22 14264 2317 22.1 6.5 P9 22.04 0o 12 16.86 20.24 23.62 27.00 30.38
21 P2 16.06  177.70 23.17 23.2 3.5 oo o 100 150 50.0 13 17.50 21.00 2451 28.02 31.52
22 P2 16.76  219.22 2317 24.4 0.3 Age (years) 14 18.09 21.71 25.34 28.96 32.59
23 P2 17.67  261.11 2317 25.6 1.1 15 18.64 22.37 26.11 29.84 33,58
24 P2 17.82 29995 2317 26.6 5.6 o p1 o m p3 pa 16 19.15 22.99 26.83 30.67 34.50
25 P2 1893 33879 317 27.7 6.6 17 19.64 23.57 27.51 31.44 35.37

® P5 ® P6 P7 ® P8

26 P2 1950  366.52 2317 28.6 6.9 18 20.09 24.12 28.14 32.17 36.19
27 P2 2005  387.67 2317 29.3 2.1 O — hdom 515 hdom 518 hdom 521 19 20.52 24.63 28.74 32.86 36.97
28 P3 7.10 16317 17.45 10.3 0.2 hdom_524 hdom_527 20 20.93 25.12 29.31 33,51 37.70
29 P3 8.25 2730  17.45 11.5 1.9
30 P3 9.34 36.57 17.45 12.9 0.3
21 D2 1N 27 A7 78 17 AR 1A B nnN




But how to model the growth of several plots?

B There are several methods to simultaneously model the growth of
several plots:

1. Expressing the parameters as a function of site and/or tree/stand
variables

2. Using growth functions formulated as difference equations - ADA



2. Using growth functions formulated as difference

equatIOI‘IS-ADA = Lundqvist-Korf type m

* Lundqvist-A: with A as free parameter

e Y Yo Y
Y=Ae ' = A= - — L
wm e
e e 2 e 1

The height (hdom) at a given age must be The height (hdom?2) at a future age must be
expressed as a function of the given age (t), an expressed as a function of the future age (t2),
initial age (t0 ) and an initial height (hdomO), a current age (t1 ) and a current height
that is: hdom = f (t, hdomO, t0 ). (hdom1), that is: hdom2 = f(t2, hdom1, t1).

_k{U] )
m m < m m
Y=Y, e t" o Y2:Y16 tn
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ar

Plot

P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1

P2
P2
P2
P2
P2
P2
P2
P2
P2

P2
P2
P2
P3
P3
P3
P3
P3
P3

P3
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2. Using growth functions formulated as difference

= Lundqvist-Korf type m

Lundqvist-A: with A as free parameter

equations — ADA

B C
>t * hdom | * N
4.1 15.1
4.8 17.8
57 19.8
6.8 20.6
7.6 22.9
8.7 23.2
9.5 24.3
10.5 24.4
11.6 29.6
12.6 29.7
13.8 32.9
14.8 33.8
15.6 34.1
4.1 13.2
4.8 15.5
57 16.8
6.8 179
7.6 19.2
8.7 19.6
9.5 21.3
10.5 25.0
11.6 26.7
12.6 29.0
13.7 30.2
14.8 31.2
15.6 30.7
4.1 10.7
4.8 12.8
57 13.5
6.8 14.4
7.6 15.6
8.7 15.8
9.5 16.7
10.5 18.2
Sheet1 | a) b) | c) d)

¥ |G
1125
1125
1114
1114
1114
1114
1114
1114
1114
1114
1102
1102
1080
1081
1081
1070
1048
1048
1048
1048
1037
1037
1037
1037
1026
1026
1092
1092
1092
1092
1080
1080
1080
1069

Anro

d) (2)

e)

E F
¥ lddom ~ dg
13.30 17.90
17.11 20.24
21.10 22.65
25.08 25.03
27.06 25.96
29.34 26.90
31.04 27.81
32.31 28.31
34.77 29.42
36.85 29.08
38.42 31.87
39.46 32.42
41.18 33.15
5.20 13.12
7.45 15.17
10.41 17.05
14.03 19.27
16.26 20.62
19.08 22.05
21.24 23.19
22.87 24.15
25.43 25.59
24.50 27.60
29.20 27.89
30.65 28.62
32.40 29.20
4.32 10.91
5.84 12.59
7.47 14.19
9.21 15.81
10.73 16.99
12.25 18.03
13.24 18.81
14.18 19.29
e)+S | e) +S(2)

vV
12.27
13.92
15.53
16.93
17.59
18.31
18.84
19.22
19.94
19.89
21.06
21.35
22.04

7.80

9.37
11.13
13.05
14.05
15.22
16.06
16.76
17.67
17.82
18.93
19.50
20.05

7.10

8.25

9.34
10.37
11.25
12.01
12.49
12.99

.t

-

77.72
117.06
158.49
196.73
233.37
260.81
297.91
324.82
399.26
437.25
487.86
513.30
527.64

23.68

39.68

61.41

90.83
115.38
142.64
177.70
219.22
261.11
299.95
338.79
366.52
387.67

16.31

27.30

36.57

47.75

62.53

73.34

86.35

99.66

PEY-WY.Y

J

K

* hdom_e ¥ resA2

f)+S+N | H+S+N(2) | g)

14.4
16.0
18.1
20.3
21.6
23.2
24.4
25.7
26.9
28.0
29.2
30.1
30.8
13.7
15.2
17.2
19.3
20.5
22.1
23.2
24.4
25.6
26.6
27.7
28.6
29.3
10.3
11.5
12.9
14.5
15.4
16.6
17.5
18.4

10 A

®

0.6
3.0
3.0
0.1
1.9
0.0
0.0
1.5
7.1
2.7
143
13.7
11.1
0.2
0.1
0.1
2.0
1.8
6.5
3.5
0.3
1.1
5.6
6.6
6.9
2.1
0.2
1.9
0.3
0.0
0.0
0.7
0.6
0.0

1=

w
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27
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30

B

Plot

t1

4.1
4.8
5.7
6.8
7.6
8.7
9.5
10.5
11.6
12.6
13.8
14.8
41
4.8
5.7
6.8
7.6
8.7
9.5
10.5
116
12.6
13.7
14.8
4.1
4.8
5.7
6.8
7.6

o=

t2

4.8
5.7
6.8
7.6
8.7
9.5
10.5
11.6
12.6
13.8
14.8
15.6
4.8
5.7
6.8
76
8.7
9.5
10.5
116
12.6
13.7
14.8
15.6
4.8
5.7
6.8
7.6
8.7

D
hdom1

15.1
17.8
19.8
20.6
229
23.2
24.3
24.4
29.6
29.7
32.9
338
13.2
155
16.8
17.9
19.2
19.6
21.3
25.0
26.7
29.0
30.2
31.2
10.7
12.8
13.5
14.4
15.6

A o

E
hdom2

17.8
19.8
20.6
22.9
23.2
24.3
24.4
29.6
29.7
32.9
33.8
34.1
155
16.8
17.9
19.2
18.6
213
25.0
26.7
29.0
30.2
31.2
30.7
12.8
13.5
144
15.6
15.8

P ]

N1

1125
1125
1114
1114
1114
1114
1114
1114
1114
1114
1102
1102
1081
1081
1070
1048
1048
1048
1048
1037
1037
1037
1037
1026
1092
1092
1092
1092
1080

annn

N2

1125
1114
1114
1114
1114
1114
1114
1114
1114
1102
1102
1080
1081
1070
1048
1048
1048
1048
1037
1037
1037
1037
1026
1026
1092
1092
1092
1080
1080

1annn

G1

13.30
17.11
21.10
25.08
27.06
29.34
31.04
32.31
34.77
36.85
38.42
39.46

5.20

7.45
10.41
14.03
16.26
19.08
21.24
22.87
25.43
24.50
29.20
30.65

4.32

5.84

7.47

9.21
10.73

PENEY

G2

Sheet1 [ a) | b) | ¢ d_;rd)(Z) e) e)+S | e)+S@2) H+S+N | )H+S+N(2) Q)

17.11
21.10
25.08
27.06
29.34
31.04
32.31
34.77
36.85
38.42
39.46
41.18

7.45
10.41
14.03
16.26
19.08
21.24
22.87
25.43
24.50
29.20
30.65
32.40

5.84

7.47

9.21
10.73
12.25

AN a4

®

24.36
2436
24.36
24.36
2436
24.36
24.36
24.36
24.36
24.36
24.36
24.36
23.165
23.165
23.165
23.165
23.165
23.165
23.165
23.165
23.165
23.165
23.165
23.165
17.445
17.445
17.445
17.445
17.445

A AAr-

K L
hdom_est res”2
16.5 1.
195 0.
21.8 1.
21.7 1.
245 1.4
24.3 0.
25.5 1.
25.6 16
30.7 1.
30.9 4.
33.9 0.l
34.6 0.
14.4 1.
17.1 0.
18.6 0.
18.9 0.
20.6 1.
20.5 0.
22.4 6.
26.2 0.
27.7 1.
30.1 0.l
31.2 0.
32.0 1.
11.8 1.
14.3 0.
15.0 0.
153 0.
16.8 1.

ar ~



2. Using growth functions formulated as difference

= Lundqvist-Korf type m

Lundqvist-k: with k as free parameter hdom, = A

equations — ADA

SUM - X v f :SNSZ*(DZ/SNSZ)"((BZ/CZ)"SNS% v
A B C D E F G H | J K L M N O P Q R 5 T U Vv \ ~

1 Plot t1 t2 hdom1 hdom?2 N1 N2 G1 G2 S hdom_est res”2

2 |p1 a1 4.8 15.1 178 1125 1125 1330 1711 24.36)ASNS3) 17 Al 309.1166) hdom2=A*(hdom1/A)*((t1/t2)*m)

3 P1 4.8 5.7 17.8 19.8 1125 1114 17.11 21.10 24.36 19.5 0.1 m| 0.189678

4 P1 5.7 6.8 19.8 20.6 1114 1114 21.10 25.08 2436  21.8 1.5 use the solver function from EXCEL to fit the difference equatic

5 P1 6.8 7.6 20.6 229 1114 1114 25.08 27.06 24.36 21.7 16 SSres 72.22658  derived from Lundqvist

6 P1 7.6 8.7 229 23.2 1114 1114 27.06 29.34 24.36 24.5 1.6 function with k as the free parameter and plot the estimated

7 |P1 8.7 9.5 23.2 24.3 1114 1114 29.34 31.04 24.36 24.3 0.0

8 P1 9.5 10.5 243 244 1114 1114 31.04 32.31 24.36 25.5 11 10,0

9 P1 10.5 11.6 24.4 29.6 1114 1114 32.31 34.77 24.36 25.6 16.0

10 P1 11.6 12.6 29.6 29.7 1114 1114 34.77 36.85 24.36 30.7 1.1 150

11 P1 12.6 138 29.7 329 1114 1102 36.85 38.42 24.36 309 4.4

12 P1 13.8 14.8 329 33.8 1102 1102 38.42 39.46 24.36 33.9 0.0 300

13 P1 14.8 15.6 33.8 34.1 1102 1080 39.46 41.18 24.36 34.6 0.2

14 P2 41 4.8 13.2 15.5 1081 1081 5.20 7.45 23.165 14.4 11 E 50

15 P2 4.8 5.7 15.5 16.8 1081 1070 7.45 10.41 23.165 17.1 0.1 %u

16 P2 5.7 6.8 16.8 17.9 1070 1048 10.41 14.03 23.165 18.6 0.5 E 0.0

17 P2 6.8 7.6 17.9 19.2 1048 1048 14.03 16.26 23.165 18.9 0.1 %

18 P2 7.6 8.7 19.2 19.6 1048 1048 16.26 19.08 23.165 20.6 1.0 E 150

19 P2 8.7 9.5 19.6 213 1048 1048 19.08 21.24 23.165 20.5 0.7 8 '

20 P2 9.5 10.5 213 25.0 1048 1037 21.24 22.87 23.165 224 6.6

21 P2 10.5 11.6 25.0 26.7 1037 1037 22.87 25.43 23.165 26.2 0.2 100

22 P2 11.6 12.6 26.7 29.0 1037 1037 25.43 24.50 23.165 27.7 1.7

23 P2 12.6 13.7 29.0 30.2 1037 1037 24.50 29.20 23.165 30.1 0.0 30

24 P2 13.7 14.8 30.2 31.2 1037 1026 29.20 30.65 23.165 31.2 0.0

25 P2 14.8 15.6 31.2 30.7 1026 1026 30.65 32.40 23.165 32.0 1.6 00 00 5o 100 15.0 i

26 P3 41 4.8 10.7 12.8 1092 1092 4.32 5.84 17.445 11.8 11

27 P3 4.8 5.7 12.8 13.5 1092 1092 5.84 7.47 17.445 14.3 0.6 Age (years)

28 P3 5.7 6.8 13.5 14.4 1092 1092 7.47 9.21 17.445 15.0 0.4

29 P3 6.8 7.6 14.4 15.6 1092 1080 9.21 10.73 17.445 15.3 0.1

30 P3 7.6 8.7 15.6 15.8 1080 1080 10.73 12.25 17.445 16.8 1.1

EERRETY o= ar- P 1n0n 1n0n PNy 44 ~a 1= aarc P an
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Plot

P1

P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P3

2. Using growth functions formulated as difference

equations — ADA

- X ¥ Jx | =SNS2¥(Z$3/SNS2)M((ZS4/SY6)ASNS3)
M N P Q R S T U Vv
Al 300.1166] hdom2=A*(hdom1/A)A((t1/t2)"m)
m| 0.189678

SSres  72.22658

use the solver function from EXCEL to fit the difference equation

derived from Lundqvist
function with k as the free parameter and plot the estimated
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35.0

30.0
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(=] w
o o

Dominant height
[
w
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10.0

5.0

0.0
0.0 5.0 10.0 15.0

20.0

= Lundqvist-Korf type m

hdom (

Lundqvist-k: with k as free parameter hdom, = A
A
Y Z AA AB AC AD AE AF AG AH
hdomi,tl

P1 P2 P3 P4 P5 P6 P7 P8 P9

hdom1 15.1 13.2 10.7 8.2 16.4 16.9 16.9 16.6 17.1

t1 4.1 4,1 4.1 4.1 6.0 6.0 6.0 6.0 6.0
t2 |hdom_P1 hdom_P2 hdom_P3 hdom_P4 hdom_P5 hdom_P6 hdom_P7 hdom_P8 hdom_P9
4.0 =$NSZ*(ZS! 13.04 10.e0 8.06 13.00 13.38 1341 13.15 13.54
5.0 16.94 14.87 12.19 9.38 14.83 15.24 15.27 14.99 15.41
6.0 18.70 16.48 13.61 10.56 16.44 16.88 16.92 16.61 17.06
7.0 20.27 17.93 14.89 11.64 17.89 18.36 18.39 18.07 18.55
8.0 21.70 19.26 16.06 12.64 19.21 19.70 19.74 19.40 19.90
9.0 23.01 20.48 17.14 13.56 20.43 20.94 20.98 20.63 21.14
10.0 24.23 21.61 18.15 14.43 21.55 22.08 22.12 21.76 22.30
11.0 25.36 22.66 19.10 15.24 22.61 23.15 23.19 22.82 23.37
12.0 26.42 23.65 19.99 16.01 23.60 24.16 24.20 23.82 24.38
13.0 27.42 24.58 20.83 16.74 2453 25.10 25.14 24.75 25.33
14.0 28.36 25.47 21.63 17.44 25.41 26.00 26.04 25.64 26.23
15.0 29.25 26.31 22.39 18.10 26.25 26.85 26.89 26.49 27.09
16.0 30.10 27.11 23.12 18.74 27.05 27.66 27.70 27.29 27.90
17.0 30.92 27.87 23.82 19.35 27.81 28.43 28.48 28.06 28.68
18.0 31.69 28.61 2448 19.94 28.55 29.17 29.22 28.79 29.42
19.0 32.44 29.31 25.12 20.50 29.25 29.89 29.93 29.50 30.14
20.0 33.16 29.99 25.74 21.05 29.92 30.57 30.62 30.18 30.82

n
s
to

Al ~



2. Using growth functions formulated as difference

equations — ADA

+ Lundauist-Korftype [N .
: : hdom |t
Lundqvist-k: with k as free parameter hdom, = A —
Sum - X & fx | =SNS2*(ZS3/$NS2)M((ZS4/SY6)SNS3)
A N O P Q R S T U V W X Y Z AA AB AC AD AE AF AG AH
1 |Plot ~4th measurement as initial value hdoml,t1
2 Pl 300.1166) hdom2=A*(hdom1/A)A((t1/t2)*m) P1 P2 P3 P4 P5 P6 P7 P8 P9
3 |P1 0.189678| hdom1 22.9 19.2 15.6 13.0 21.3 21.3 22.9 22.7 23.1
4 |P1 use the solver function from EXCEL to fit the difference equation derived from t1 7.6 7.6 7.6 7.6 10.8 10.8 10.8 10.8 10.8
5 |pP1 72.22658 Lundqvist t2 hdom_P1 hdom_P2 hdom_P3 hdom_P4 hdom_P5 hdom_Pé hdom_P7 hdom_P8 hdom_P9
6 |P1 function with k as the free parameter and plot the estimated values together | a4 =SN$2*(Z$! 13.39 10.62 8.67 12.24 12.26 13.35 13.18 13.52
7 |P1 5 18.52 15.25 12.21 10.05 13.99 14.02 15.21 15.02 15.40
8 |P1 400 6 20.38 16.90 13.63 11.29 15.55 15.57 16.85 16.65 17.05
9 P1 7 22.05 18.37 14.91 12.42 16.95 16.97 18.32 18.11 18.53
10 P1 3.0 8 23.55 19.72 16.09 13.46 18.22 18.25 19.67 19.44 19.88
11 P1 9 24.93 20.95 17.17 14.43 19.40 19.43 20.90 20.67 21.13
12 P1 300 10 26.20 22.10 18.18 15.33 20.49 20.52 22.04 21.80 22.28
13 P1 = 11 27.39 23.17 19.13 16.18 21.51 21.54 23.11 22.87 23.35
14 P2 E 25.0 12 28.49 24.17 20.02 16.98 22.47 22.50 24.12 23.86 24.36
15 P2 '%D 13 29.54 25.12 20.87 17.74 23.38 23.41 25.06 24.80 25.31
16 P2 ; 20.0 14 30.52 26.01 21.67 18.46 24.23 24.27 25.95 25.69 26.21
17 P2 2 15 31.45 26.86 22.43 19.15 25.05 25.08 26.80 26.53 27.07
18 P2 § 15.0 16 32.34 27.67 23.15 19.81 25.83 25.86 27.61 27.34 27.88
19 P2 17 33.19 28.45 23.85 20.44 26.57 26.60 28.39 28.11 28.66
20 P2 10.0 18 33.99 29.19 24.52 21.05 27.28 27.32 29.13 28.84 29.40
21 P2 19 34.77 29.90 25.16 21.63 27.97 28.00 29.84 29.55 30.12
22 P2 5.0 20 35.51 30.58 25.78 22.20 28.63 28.66 30.52 30.23 30.80
23 P2
24 P2 0.0
25 |p2 0.0 5.0 10.0 15.0 20.0
26 |P3 Age (years)

jn



But how to model the growth of several plots?

B There are several methods to simultaneously model the growth of
several plots:

1. Expressing the parameters as a function of site and/or tree/stand
variables

2. Using growth functions formulated as difference equations - ADA

3. Combining parameters and ADA



3. Combining parameters and ADA e

GL=A

SUM - X« fr | =(SNS2+SNS$3*I2)*(H2/(SNS2+SNS$3*12))A((B2/C2)A$NS4) v

A B C D E F G H | J K L M N 0] P Q R S T
Plot t1 t2 hdom1 hdom2 N1 N2 G1 G2 G_est resh2

P1 41 48 15.1 17.8 1125 1125| 1330 17.11| 24.36 |=($N$2+$N 067 no| -22346] G2=(A0+As*S)*(G1/(A0+As*S))A((t1/

P1 4.8 5.7 17.8 19.8 1125 1114 17.11 21.10 20.84 0.07 AS| 3.610724
P1 5.7 6.8 19.8 20.6 1114 1114 21.10 25.08 25.15 0.00 m| 0.898288
P1 6.8 7.6 20.6 229 1114 1114 25.08 27.06 27.33 0.07

P1 7.6 8.7 229 232 1114 1114 27.06 29.34 29.91 0.32 SSres 47.66513
P1 8.7 9.5 232 243 1114 1114 29.34 31.04 31.27 0.05 50.00
P1 9.5 10.5 24.3 24.4 1114 1114 31.04 32.31 33.10 0.63

P1 10.5 116 24.4 29.6 1114 1114 3231 34.77 34.30 0.22 45.00
P1 11.6 12.6 29.6 29.7 1114 1114 34.77 36.85 36.39 0.21

P1 12.6 13.8 29.7 329 1114 1102 36.85 38.42 38.51 0.01

P1 13.8 14.8 32.9 33.8 1102 1102 38.42 39.46 39.70 0.06 35.00
P1 14.8 15.6 338 341 1102 1080 39.46 41.18 40.44 0.55 E
P2 4.1 4.8 13.2 15.5 1081 1081 5.20 7.45 7.11 0.11
P2 4.8 5.7 155 16.8 1081 1070 7.45 10.41 10.15 0.07
P2 5.7 6.8 16.8 17.9 1070 1048 10.41 14.03 13.70 0.11
P2 6.8 7.6 17.9 19.2 1048 1048 14.03 16.26 16.00 0.07
P2 7.6 8.7 19.2 19.6 1048 1048 16.26 19.08 18.89 0.04
P2 8.7 9.5 19.6 213 1048 1048 19.08 21.24 20.93 0.10
P2 9.5 10.5 213 25.0 1048 1037 21.24 22.87 23.27 0.16 10.00
P2 10.5 11.6 25.0 26.7 1037 1037 22.87 25.43 24.86 0.33

P2 11.6 12.6 26.7 29.0 1037 1037 25.43 24.50 27.09 6.68 5.00
P2 12.6 13.7 29.0 30.2 1037 1037 24.50 29.20 26.16 9.24

P2 13.7 14.8 30.2 31.2 1037 1026 29.20 30.65 30.67 0.00

P2 14.8 15.6 31.2 30.7 1026 1026 30.65 32.40 31.69 0.50

P3 41 4.8 10.7 12.8 1092 1092 432 5.84 574 0.01

P3 4.8 5.7 12.8 13.5 1092 1092 5.84 7.47 7.76 0.08

P3 5.7 6.8 135 14.4 1092 1092 7.47 9.21 9.71 0.25

P2 6 R 76 14 A4 15 6 1097 1080 Q21 10 73 10 57 0 05
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Plot

P1

P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P3
P3
P3

3. Combining parameters and ADA

M X & Jx | =(SNS2+SNS3*Z$3)*(Z$4/(SNS2+SNS3*Z53))A((Z2$5/5Y7)ASNS4)
M N p Q R s T u v W
ao| 22345 G2=(A0+As*S)*(G1/(A0+As*S))A((t1/t2)Am)
AS| 3.610724
m| 0.898288
SSres 47.66513

50

45

40

35

30

25

20

Dominant height (m)

15

10

0.0 5.0 10.0 15.0 20.0
Age (years)

G1=A
b A A=Ay +A,
Y Z AA AB AC AD AE AF AG AH
G1,t1

P1 P2 P3 P4 P5 P6 P7 P8 P9

24.36
Gl 17.1 7.5 5.8 3.9 11.8 12.6 15.2 16.7 20.1
t1 4.1 4.1 4.1 4.1 6.0 6.0 6.0 6.0 6.0
t2 Gest_P1 Gest_P2 Gest_P3 Gest_P4 Gest_P5 Gest_P6 Gest_P7 Gest_P8 Gest_P9
4 |=(SN52+S|_ 7.2 5.6 3.8 6.1 6.8 8.5 9.8 12.7
5 21.4 10.6 8.1 5.6 9.0 9.8 12.0 13.4 16.7
6 253 13.8 10.3 7.3 11.8 12.6 15.2 16.7 20.1
7 28.7 16.7 12.3 8.8 14.3 15.1 18.1 19.5 23.0
8 315 194 141 10.3 16.5 17.3 20.6 21.9 25.5
9 339 21.7 15.7 115 18.6 19.3 22.8 24.0 27.7
10 36.0 23.9 17.1 12.7 20.4 21.1 24.7 25.9 29.5
11 37.8 25.8 18.3 13.7 221 227 26.5 27.6 31.2
12 39.4 27.5 19.5 14.6 23.6 24.1 28.1 29.1 32.6
13 40.8 29.1 20.5 15.4 24.9 25.4 295 30.4 339
14 42.1 30.5 21.4 16.2 26.2 26.6 30.8 31.6 35.1
15 43.2 31.8 2222 16.9 273 27.7 31.9 32.7 36.2
16 44.2 33.0 230 17.5 283 28.6 33.0 337 37.1
17 45.2 34.1 237 18.1 293 29.5 34.0 34.6 38.0
18 46.0 35.2 24.4 18.7 30.2 30.4 34.8 35.4 38.8
19 46.8 36.1 25.0 19.2 31.0 31.1 35.7 36.2 39.5
20 47.5 37.0 255 19.6 31.7 31.8 36.4 36.9 40.1

Al



