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.8. REGNÁNS GROWÎIÍ MODEL

Growth data from Permanent Sample Plots established within the Kinleith Forest has
been used to develop a growth model for E. regnarts. The age, stockjng and volume per
hectare limits for the contributory plots are displayed graphically within this report,
indicating *"" r*a" of model applicability.

Functions describing Basaì Area per hectare, Mean Top Height and volume per hectare
development are presented åtong with an ex¡rlanation of the function derivation.

Precision, as evaluated by a percentage bias table, ts acceptable, indicating that the
overall model is more than an adequate estimator of the growth of E. regnans gFowing on
the Volcanic Plateau.
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It has been found that the function reported on page 3 for stand volume is in
erïor, and should be replaced by

\I = 0.355786 c.H - L.469
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EARLY RESULTS I'ROM THE

These resull::s are from spacing trials
species a¡rd l-ocations are E. regnans
E. salig_:r¿r (liawerau) .

NELDER SPACING TRIAI,S

in.the Rotorua Conservancy. The
(Murupara), E. nitens (Murupara),

Overheacl Nc. I gives data for E. regnans established in 1978. The first
column indicates the arc nu*bei-lõr-Ee Nel-der trial and the second column
the initial stocking equivalent in stems/ha which corresponás to the arc
number. The next three columns give the rnea¡ dbh in.cms, for r9go, I9g3
and 1984 for each arc/stocking. These trends are illustrated in the
succeeding overheads.

No. 2 irlustrates the figures given in overhead No. r. There was no
detectabl-e difference in mean dbh at age 2 across the range of stockings
but by ages 5 and 6 theúe was a strong uniform effect of competition at
stockings greater than 1500 stems/ha. For stockings less than this there
was a progressive increase in mean d.iameter as stockings teduced.

No. 3 illustrates the same trends converted to basal area. Basal area
increases as stocking increases but in a curvilinear fashion due to the
Ìarger trees at low sto.ckings

No- 4 shows the height/diameter relationships for the various stockings.
As stocking level red.uces trees become shorter for a given .diameter..

No. 5 shows the frequency distribution of stem dbh; as it varies with
initial stocking rate. The previously illustrated trend of increasing
mean dbh with decreasing stocking is confirmed. There is a change.in
distribution a-bout the mean. As stocking decreases the distribuÈion
becomes more dispersed.

The height and d.iameter data shown in the previous overhead.s were used with
the standard NZES volume table to calculate tree and then total volumes
per hectare- These are shown in overhead No. 6 for E. regnans at age z.

Similar values were calculated. for E. nitens (No. 7) and E. éaligna (No. g)
For both .these two species stocking;-hlõer than 4444¡-l'ra wêre-iñtua"a
because of the possibility of firewoodþiomass yields.

For No.'s 6, 7 and I the vol-ume is shown on the left hand histo_oram and
mean annual increment on the right hand histograin. The most relevant
stocking for high stand density pulpwood regimes is approximately 4400
stems/ha and for this stand density the l,lAI values for the 3 species are
approximately:

E. regnans 25 ¡3þa/an
E. nitens 40 m3/na/an

E.' sal-igna 36 ¡37halan

Note that in all cases the eucalyot estabÌishment !.ras very good and. the
site index of adjacent radiata pine was very high; 32 m at Murupara anc
35 m at Kawerau



JAL NO
:.BJEGT-
NËYÍ ZEALANO LTD t'l/n I

ARG

ro

ß. sll"ilìü!(illillG

|{sflËl"Jill }l A}

ñtrl!Ëjl\tl$l Il. B. $,ll ,

l2
13

l4
t5

4444

338f!

2551

1924

1457

Ir11
835

634

48 t!

364

275

209

r58

l2a

1

2

3

4
Ert

6

7

I
or,

t0
1t

NOTES

9t



---=-\.
I,.E.H. FOH EUCA¡-YPTS HEGNÀNS IN UNTH]NNED STANO"

2000 suuu
INITIAL sTocKIlF- (ste¡Aa. eq.¡lv.Ì

t2



a

/
l

UNTI.i-INNED STANDS "BÂSAI- ÁFiE,À. FiiF EUCALYPTS FEGNAI'IS IN
/

/

//
/

/

l5

l0'

It
E
(\I
e

UJ
cc

J

Éc¡

J
F-ot-

I

2000' 3000
ACTUAL Sf0cKIN6 (stens/ha.equlv.l



,il+

ÐIAMETER 
=.}TI|JN 

FOR E . F EGNÀIIS 6 YEAs Ot-D .

15.0

lt=

F
6
Ld 10 .0
L

J
F-o
F

.0

t

?a

t7



J

ß00

700

//o {

DBII DISTIIIBUTTON I'-OH E.REGNANS E YEAB OLD

,/' /./---"¿'
--/'

3303 STEH/H^

4r sTEHn.lÀ

1837 STEI'l/llA

----¿1424 STEH/HA

- 1001 sTEt't/HÀ

- 770 S'tf+tiil,\

5ûe sTEH/ilÂ

tt

I

I
I

I

I

I

I

t

D.B.i-l.



200

17 5

150

125

100

75

50

25

[ù" ü

E. REGNANS -AGE 7

4444 255 1 1457 835 4BO 275 158 91

30

25

,¿tl

15

10

t:íJ

STEMS/HA



35

300

25

,200

150

100

50

lju"/

E. NITENS AGE 6

iB\.'7694 \ / 2551 \ ' 835 \ / 275 \ t 91.13520- qW\ -fr57' æf -jEÐ

60

50

40

30

20

10

STEMS/HA



t

fU" U,

E. SALIGNA - AGE 5

4 '^' 25s1 -^l-lgÐ ^nlT- ñnfffi-4- -145 'hrð\

3501
I

1lìñrv \-/ \rrl

25ol
I

:::l
¡ t.rvl

I
I

i ooi

5ol

60

50

40

0

20

10

M' 13520-

I\

STEMS/HA



u.KuuNltsts DI\T^DÄ.SE

V
0.L

U

M

E

9ØØ

BØØ

7 ØVr

6ØØ

5ØØ

4ØØ

3ØØ

2ØØ

TØØ

t2

AGE



E. RE GN¡\¡{S D /ITAB /rS E

4Ø

M

E
A 3Ø
N

T
0
P2Ø

H

E

I
GTØ
H

T

'l'l
g[t 'l,l

t2 13

, | ¡-T
t4 15TT

AGE



. 
E. RBçNÄ¡IS DÀTi\.BÀSE

7Ø

bØ

B 5Ø
A
S

, A4Ø
I
A 3Ø

R

E
A2Ø

TØ

Ø

t2Ltr(¿ 15t'413

AGE



Regnans E Basal Area

Ao
-c
ñ
Ev

IL¡

Ed
Q
f,

roo J

I

ti

80!
J

:
.J

I

j
60 -':

l

I
¡

I
40 I

I

J-
i
l
I

1

?oi
l

l

1

I

-'//' ---

ol
0t?345678910111?t3t4tá15

Age (yearc)

lnitial SPH 1156 z$'tg



Regnars - Basal Area
roo ìI.t

I

''l

I

80ia
-c
ñ
Ev
d
E

Ed
U'6o eoj

.1
I

.t

I
I
't

oi
0123 45578910 rl t2 13 !4 15 16

Age ffeals)

158
;{,;

lniliaf SPH
læ, +++ ffi



a
-c
ñ
Ev
d
E

I dg,
6o

I

..t

Jf
!

III
J

1

't
I
l
1

I
Il
Jj
!
I

ì

Regnans - Basal Area

+

+

++
++r-++

+¡

+

+ ìj

+

+

1_Frl-T_r-rrr-rT- T-r-f--r-rT-rrrr-T
45578910111213141516

Age (yearc)

89
¡158

158 3dt
44,74ã.a .

lnilial SPH
+++ +++



Regnans E Mean Top Height
¿oJ

I
l

..i

J
I

1

i
I

30'Í
j
!

I
I

'ì

i
't

aoi
1
i

I

.l

¡

ì
10+

Ì

11

{
.li

'1
I
..x

.i

,Aì

Ev
F
.C
CDlror
CL

Ê
Edo

=

or
ffirT-rT-TT-rr-t_m

891017L213141516

Age (yearc)

&t
458

96
4474

lnitial SPH
+++

158
+++



Regnans - Mean Tcp Height

JA

EY
E
-tr
CD

¡Ior
CL

Ê
Edo

=

¿o-l
I

I

1
'1

j
j

I

30î
I

.,¡

i

20i
"1

I

I

l
10ì

I

I

1
o'1

012345678910ttt213141516

Age (yearc)

lnitiaf SPH 1156 24'18











L
o
-o
E
J
C.

U
L
ftt

16

T4

L2

10

B

6

4

2

o

REGNIANS NELDER TRIAL
PLOTNO=1

oox xoxxxx xooooooooo
XXXXXOX XXXXOOXXXOOOO

XXXXITXXX XXXOX XOOOlT
X X XOOOXXX XOXXXOOXX
XXXXXOOXXX XXOXXXOOX
OOOOOOOX XXXXXO XXXXX
o o o o o o x x x xrô)x x x x x x x
oooooox xooxxxooxxxx
OXXXOOXXXOOX XOOOOXXX
ox xoooooooxxxoooox x
o x x x *t o o o o oo o o o o o o o x x x
oooooooooooooooooooxx
ooooooooooooooooooox
xxooooooooooooooooox

xooooooooooooooooox

10

tnee numben

$ +t t+ Double Leaden

20o

STATUS ooo XXXedgetnee

30



L
o
-oE
f
c
c)
L
o

16

T4

1,2

L0

B

6

4

2

0

REGNIANS NELDER TRIAL
PLOTNO=2

ooooooox xoxxxooo*toxxx
oooooooxxxxx xxxxxxx x
OOOOOoOOX XXXXX XXX
ooxxxoooxxxoo xxxxxxtfo
OOX XXXXOOOXXXX XSSOOO
OTTXXXX XOOOX XXXXOOOOO
oxxxoxxxooox xoooooooo
OX XXOOOOOOX XOOXXXOOO
oxx xooooooxxxoox xooo
ooxxxoooooooooooxxxooo
oo o oooooo o xxxoooo o oooo
oooooooooox xooooooooo
ooooooooooxxxooooooooo
oooooooooooooooooooooo
oooooooooooooooooooooo

10 200

tnee numben

l+*#DoubleLeadenSTATUS ooo XXXedgetnee

30



Regnans - Volume
700

600

s00

400

300

200

100

0

A6
.C
ò
Ev
o
E
=I

.'1

1

l
I

:j
J

I

il
I

I

j
.l

.i

I
1

l
1
1

I
f r--rr-r¡rn-r¡rt-r-l-f rï-rrf ñ- -rr-T î-r.1- 11î-

0t?3456
1"1."¡'--rT-r'ffï'1-1--t*f -T-1*-1-'ÌÌ-rr"1-r-r-T"rï-rï-rr-r-r1-1-l^r--rï-rrì--T-1.-f-1-1-fT

78910tt!?13L41516

89
14õ8

Age (yearc)

96õ
4l,74

lnitial SPH
+++

158
+++



Regnans E Volume

6
-c
ö
EY
o
EJI

zoo J
i
.l
j

600 "1

500 "i

I
¿oo I

j
I

ì
300 1

+
I

2OO'r
I

i
'1

roo 1
j
I

+

ol
012345578910111?13141516

Age ffears)

lnillal SPH 1156 24'18



FREOUENCY
100

90

80

70

60

50

40

30

20

10

0

TBEAT-1

15 18

DBH-89

MTD

21 24 27

MIDPOINT

M NON-MTD

L?

m



FBEOUENCY
60

TREAT=3

7 .5 10 .5 13.5 16.5 19.5 22.ã 25.5 28.5 31 .5 34.5

DBH_89 MTDPOINT

M MTD Kæl NoN-MrD



FBEOUENCY
60

TREAT=4

10 t4 18

DBH-89

M MTD

22 26 30 34

MIDPOINT

ffi NON-MTDTYPE



FREOUENCY
40

TREAT=5

18 27

DBH_89

MTD

24 27 30

MIDPOINT

ffi NON-MTD

157?

TYPE M

33



TREAT=6

FREOUENCY
16

15

t4

13

t2

tt

10

I

B

7

6

5

4

3

2

t

0

t4 18 ?? 26 30 34

DBH-89 MTDPOINT

TYPE KE UrO ffi NON-MTD



THEAT:7

FREOUENCY
t9

t8

t7
16

15

t4
13

t2
tt
10

I
I
7

6

5

4

3

2

t
0

DBH-89

M MTD

MIDPOINT

KWI NON-MTD



TREAT:B

FHEOUENCY
tt

10

I

B

7

6

5

4

3

2

t

0

18 22

DBH_89

TYPE M MTD

26 30 34

MIDPOINT

ffi NON-MTD



TBEAT=9

FREOUENCY
13

t2

t7

10

I

I

7

6

5

4

3

2

t

0

16 ?O ?4

DBH-89

TYPE M MTD

2A 32 36 40

MIDPOINT

ffi NON-MTD



TREAT=10

FBEOUENCY
I

15 ?t

DBH-B9

KXN MTD

?7 33 39

MIDPOINT

rcKn NoN-MrD



TREAT=l 1

FBEOUENCY
t9

18

t7

16

15

74

13

72

LT

t0

I
B

7

6

5

4

3

?

t
0

24

DBH_89 MIDPOINT

TYPE M MTD



REGNANS DATA

ë
30.0

ï

=

0.0 10 .0

AGE

20 .0

(YTABS)

30.0



REGNANS DATA

a
-

= 40.oo
Øg

l-LJ 30.00
E

J
cn ao.oo

m

t0.0 20.0

AGE (YTABS)

30.0



f..fl¡t\¡tì ¿l¡ì ¡f l/ ¡\ ! ll¡t llÐ&

SPH

3ØØØ

2ØØØ

I

tØØØ

13



MANAGEMENT OF EUCALYPTS COOPERATIVE

IN KIND CONTRIBUTION - THE NZFP FORESTS LIMITED

E. regrtans GR}I,JTH MODEL

NZFP Forests has a significant resource pìanted in Eucalyptus species
'in the Central North Island of New Zealand. Eucalyptus regnans
account for approxìmate'ly 65% of th'is total. A larS¡ growth 

-databasenur been gathäred from ihe remeasurements of PSP's (see the following
graphs) an¿'in 1988 the database was sufficiently representat'ive of
if,e' resource, in terms of final crop stockings and age range, for a

growth and yield model to be attempted.

The methodology employed in the model formulatjon has been well
¿ôãumented (õäe Ciutier et ql., Woollons and Hayward, 1983). 0f the
many yield assumptions moGTlãÏ, the Schumacher yield functjon was

found to best fi t the data:

ln(e) = 0' + (1)B + .rN

T
where G -

T

N-
o¡Bry _

Equat'ion ( 1) can be

'growth ' funct'ion :

and equation (2)
conditíons that
functi on :

Basal Area/ha

Time

Initíal stocking/ha

parameters to be estimated

d'i fferenti ated wi th resPect to T to derive the

dGG
= --- (o+yN - ln(G) )

dTT
(2)

T1 T1

"(1---) + yN(1---) (3)
T2 f2

can be integrated, incorporating the initial
when T = T1, G = G1, to derive the'projection'

T1
ln(G2) = ln(et) (--) +

T2

Equation (3) has the desjrable propert'ies of

(a) consistency

( b) i nvari ance

- as12*II,G2*Gl
- proiection from T1 to T3 results in the same

estimate of Basal area as jf the path from
T1 to T2 and then T2 to T3 is taken.

Examples of some of the other y'ield models and their associated
projäction equations that were expìored are



2
(a) Chapman-Richards and its various modifications

(b) Gompertz and its modifjcations

(c ) Umuemura

However, none performed as well as the Schumacher in terms of Residual
Mean Square, Furnivaì Index and patterns of Residuals.

Model functions !,Jere derived for Basal Area, Mean Top Height and Volume
per hectare.

Basal Area

Mode I

T1 T1 T1
ln (G2) = ln(Gl) (--) + o1 (1 - (--) ) + s2.N (1 - (-,) )T2 T2 T2

hlhere Gl = Basal area/ha at age = T1

GZ = Basal area/ha at age = TZ

fl = Init'ial Stocking/ha

q 1 = 4.5352

o' I = -0.0000937

Both parameter estimates are sjgnificantly different from zero at
the 95% conf i dence I 'imi t.
Mean Top Height

Model

T1 ß1 T1 ß1

ln (H2) = ln(Hl) (--) + Bz (L - (--) )12 T2

where Hl = Plot Mean Top Height at age = T1

H2=rrrrilrrrrrr=T2

ß1 = 0.5356

BZ = 4.754I

Note The model used for the Mean Top Height function Ís
derived from the 'yie1d' equatìon

s3
ln(H) = ß1+---

sZ
T

Following the steps outl'ined prevìousìy, the above Mean Top Height
project'ion function is derived. Again, both parameter estjmates
are significantly different from zero at the 95% confidence limited.



Vol ume

Model

where

V = 11 . G. H. EXP (t2/H)

V = Vol ume/ha

Q = Basal area/ha

þl = Mean Top Heìght

vl = 0.4088

v2 = -1.4499

Rearrang'ing the above volume equation in terms of the stand form
factor indicates a value of approximate'ly 0.39 would be appìicable
at a rotation age of 20.

Note: Graphs of the Model Residuals agajnst the various
predicted values are incuded in thjs report and show no sÍgn of
pred'icted bi as .

Although a validation dataset was not available, percentage
b'ias was calculated by age class for each of the three models
using the orig'inal dataset.

(Actual -Estimated )

Bias is calculated as 100

Basal Area
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