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ABSTRACT

Timber-flow policy model was developed and used to investigate three timber-flow policies (free-flow. even-flow
and accelerated cut policics) for the management of Nauclea diderrichii stands in Omo Forest Reserve. Nigeria
throughout a planning period of 20vears. To achieve this. 33 temporary sample plots (20m x 20m) were randomly
laud 1n stands of Nauclea. aged 7. 8. 10. 24. 25 27 and 29 vears. In cach sample plot. complete enumeration and
mcasurement of all trecs were carried out. The growth data sets collected include diameters at breast height. base.
nuddle and top: total and merchantable heights of all trees. The data collected were processed to obtain expected
stem volume per hectarc at four 3-yvear intervals. The results were then used for the formulation of timber-flow
policy models. The models were solved using the linear programming option of the Quantitative Syvstem for
Business Plus (QSB+) package. The results of the three timber-flow policies are discussed. The most appropriate

timber-flow obtained in this sudy 1s the even-flow policy.

Keywords: Nauclea diderrichi. Omo Forest Reserve. policy. timber-flow

INTRODUCTION

Management policy plavs an mmportant  role
forestrn. and indeed ccomomny of any nation. by
providing decisions on the courses of action which
cnswre cffectve umlization of forest resources.
Because of the complexity of forestn  svstems.
forescemng the likely conscquences of a particular
decision 1s not an easy lask. The resource allocations
that result from policy making are almost iny artablv.
irreversible and have substantial economic impacts
on ivestment. benefit flows. environment and
community activitics. In such situations. models help
policy makers predict the consequences of their
decisions  before  implementation According 1o
Hoganson and Burk (1997). a model is a simplified
representation of reality. Models are tools with which
one can cxperiment and learm about a specific
problem situation.

Policy makers can cam out experiments with the
model that would be impossible in reality. A tvpe of
modcl applicable in forest management is timber-
flow patterns which can be tried on a forest model
and obsene the consequences. a thing that is
practically impossible with the real forest. This
ability 1o experiment. predict and choose from
alicrnative  courses of action makes the art of

modeliing an exciting field. with great potentials for
policy making.

Optimization modcls used in forest management
planning are often referred to as forest management
scheduling models. This is a misnomer because these
models have many potential roles in decision-
making. far bevond the development of specific
management schedules. They can be used to examine
a range of issues including various forest policy
opuions. mdustry expansion and wood utilization
opuons as well as the potential impacts of new
silvicultural management systems (Hoganson and
Burk 1997).

Currently. most policy-making processes. especially
in Nigerian Forestry arc subjective. lacking relevant
quantitative information for objectivity. To date.
relatuvely little research has focused on modelling
timber-flow policies with a view to analyzing their
cfficicncy. These include Schweitzer er ol (1972).
Tecguarden (1973). Walker (1977) and Nelson er al.
(1991). These works ranged from cffects of allowable
cuts to cconomic assessment of harvest flow. Without
specific timber-flow pattern. linear programming
solutions may give erratic patterns of production over
ume.

\auclea diderrichii is onc of the major indigenous
tropical hardwood specics grown in plantations in the
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lugh forest sone of Nigeria it is the source of
transmission poles and the well known timber called
Opepe. Very few hundred of hectares of \auclea
diderrichii trecs exist in Omo forest reserve. Policics
on logging in Nigeria over a long time have been
made without opportunity of prior investigation of
the likely consequences of such policy There 1s
therefore the need to- develop models to study
policies controlling the flow of umber production
from the forest. Tius will enhance the decision-
making process of the policy makers. This study was
carried out to investigate three timbes-flow policies.
namelv. free-flow. even-flow and accelerated cut
policies. The timber-flow policy models were fitted
to Nauclea diderrichii data sct obtained from Ome
forest reserve. Nigeria. 1t is hoped that knowledge
gained in this study will be of help to forest managers
and policy makers.

MATERIALS AND METHODS

Study Area

The study was carricd out m Omo forest reseric.
Ogun State. Nigeria. It is situated between latitudes
6" 42" and. 7" 00’ N and longitudes 4" 17" aid 4 25'E
The reserve sharcs its northern boundary with Osun
and Ago Owu forest reserves in Osun State and
Oluwa forest reserve in Ondo Statc. The Omwo and
Oni mvers mark the somthern boundany  The
topographs of the resemve is generally  gently
undulating with average elevation of 125m above sca
level (Akindele and Abavemi. 1993). The general
gcology of the resenve is undiffcrentiated basemeit
comples with outcrops of older granites in some
places (Anon. 1968) "ThiS studyv covers the existing
Nauclea diderrichs i m Omo which form
two age series. the 19MS and the 19905 series.

Field Sampling

Due to the fact that switable permanent sample piots
(for this study) ame mot available for the Nauclea
plantations in the stwdy arca. data were collected
from tcmporan sample plots. A modified simple
random samplme method was used. Specificd
number of sampline umits (called sampie plots) was
purposively allocated to the Vauclea planiations. but

they were randomly located within cach stand The-

random allocation of sample plots within each siand

was to cnsure ihe validity of the msmal fesis of

significance of the final medels (Weisbere. 1985).
Each sample plot was 20 m N 20 m (1.c. 0.0+ha) mn
size. A lotal of 33 sample plots were laid in the
plantations established m 1993, 1992, 1990. {v70.
1975. 1973 and 1971 The data were collected

2000. and in cach sample plot. compicte cnumeration
and measurement of all trees were carried out. The
growth data scts coliected include diamicters at breast
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height. base. middic and top. total and merc hantablc
heights of all trees within cach plot.

-Data Processing

The data collected were processed as foliows:

Basal Area Calculation
The basai arca of cach iree was calculated from the
dbh measurcment using the formula:

BA = aD74 . g e wevens O
Where. BA Basdl arca (m )
=3.142
ﬁ‘ = Diameter at breast height (m)
For cach plot. the total basal area was multi tip ilcd b\
23 1o comvert it to basal arca per hectare. since ea
plot is t.94ha.

Volume Computation
The olume of cach tree was calculated usmig
Newici's foramla

[ = I {4 e 4} , . s

o |

Where. V' = Volume (m')

i = Merchantable height ()

Ao A, and A, = Cross sectional area at thc
base. middic and top respectinely of the rees
The total plot volume was muitiplied by 25 {0 obtam
volume per hectare for cach piot

Site Index Estimuation
The siic index of cach plot was estmated using the
modcel:

St=ExplinH,-p{4 -4))

Where. SI = Site index (m}
H, = Dommant heighi (m)
= Present age
A = jmdex age iwhich 15 23 years i tiis
study ;

The volume per hectarc. basa! arca per hectare. age
and sitc index values were uscd o calibrate yicld
model for LSII").?KHL both currcnt and {niure viclds

piicn of STATISTICA software
was used. A lhimear programming modei for
examining timber-flow policies was also formakncd
The model was used (0 chialr Man22CmCn! SIFAICLICS
that maximize the stem volume of \amclea stands
indor three umber-flon  polfeics.  The  Imcur
progranuning option of the Quantitatnge Sysiem for
Business plus (QSB ) package was used 0 obtain
solutions.
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Model Development

Model deyclopment in this study invols es:

«h  The development of suitable vicld model for
csitmating expected vield at specified pomt in
uine i the future. Data from six stands were
uscd for mede! calibration. while data from the
oldest stand (i.¢ stand cstablished in 1971
was resened for vahidation.

(2)  The development of timber-flow policy
models This involves choice of decision
varables (0 svmbolize decisions. stating the
objecine and the censtraints (Leuschner 1990
Hof 1993). The decision variables that define
the future managenment sirategs most simph
arc the arcas cut from cach mual stand m
aceny period of the plan tn this study. 20
vears). In order to keep the number of
variables relauvely small. a sufficienthy long
lapse of time of 5 car-operating periods was
chosen. This will fcad to decision varables of
the form X, . Where, X = area cut from
stand 1 m penod

There are tweniv-cight of such vanables m this
study. since the study covered seven siands. and
there are four S-vcar opcrating periods. The
eapression of the objective function is

NS

ey
Where. Z = Stem: volume per heciare
V. = Expecied volume per hectare
stand 1 and penod §
X, s as carher defined
There are two kinds of constrzmits 1 this model
() Land avalability constramnts ~ tlus states thit the
arca of land that 1s cul m cach stand camnet
exceed arca avatlable

t naber-flow policy constraint — this CApresses

(O}
the plan. In this study . we han e three immiber-flown
policies that will be inestieated one a1 2 time.

free-flow. even-flow and acceicraied cut t policic

The {inal form of the modc! =

.=V X s
Vo + Voo X = VU VIR -
VauXis = Ve Ned= HIES N SR
Voo = VigX, + VoX VN S R
VoA =VX %, X AN N

]
the pattern of flow of timber during the period of

Vo X # VX o+ VX + V- X

Leqn s
Subject to:
(a) Land availcbilin:
Nii T X+ X+ X0 < A _eqn.6

(1. av Jllablc area m cmnd chd 7 vears -
20.50ha)

Xoy+Xon+ X2+ X5 4<B . Legn.”
(1.e. available arca in smnd agg,d h vears =
23ha)

X+ Xia+ Xsa+ X1 2€ ... ey
(e avanable arca m st md aged m vears -

20 93ha

Nag #* Nu~+Xas +=Xo s <D . g Y

{re matlable arca m stand aged 24 vears
44 50ha;

X;;Vj\v‘j*.\,nx*xx;fE 3 Fi . L’(‘/H/«")
(1.c avanlable arca m stand aged 235 vears -
28 Hitha)

Ny F N>+ X+ X s < ceqin ]
ie ax almbk arca In smnd mgd 27 vears =

o

X b X -+ X +X 525G, . Cegn i’
fic available arca in stand aged 29 vears =
43 60ha;

|.Note: The arca data stated above are sccondary data
obtained from Ogun State Foresin Planiation Project.
Omo m 1999].

(b} Timber-flow

(1) Free-flow policy: this impiics that no constraint
It nmber-flow during cach period of the plan.
Hence. i the first investigation. there will be po
tumber-flow constraint.

() Exen-flow policy: tus implies thai lm‘-hcr-ﬂmx
must be the same during cach period of the plan
This 1s mathematically oxpressed as

=V - VX 1 VX VNG Vi Ns
VoA V- X egn 13

to o possible total volume ot dunng the first 3
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1=V, Xpa+ Voo X+ ViaXas + VasXamet
+ VerXar+ V=X eqi 14
(i.c. possible total volume cut during the second 3
vears)

'l:\' \’1;"'\/' \ '7\::‘{1:4'\ \
+ VeaXe s+ VogXes ol ceqi. !
(1.¢. possible 'oml volume cut durmu the third 3
vears)

v+ VaiXsa

4 = \/‘;Afxl i + \lv:,:.\': \'| x.\: + \ .‘\
+ VauXeat Vg Xl .. eqn. {0
{i.ce. possible total volume cut dunng the fourth ¥

vears)

(o \'_:. 1X;Vg .

(11) Accelerated-cut policy: this s a compromisc
between free-flow and cven-flow. Timber flow
must not be less during cach period. It mas
however be higher. This is mathemaucally
expressed as.

A2 A3z G2 A
a. a- as and a; arc as carhier defined.

Adgorithm for the Timber-florw Policy Model

The timber-fiow policy medei developed 1 this study
was based on lincar programming technique. Hence
cne of the appropmate algorithms for solving the
maodel is the ssmples method. The method is based on
a siccpest-ascent algonthm. The first sicp of the
ssmplex method is 1o transform all incqualitics in the
model mto equalities This is done because cqualitics
are much easier 10 handle. mathematicalls. This step
1s ofien stated as mitroduction of slack variables.

The second step mmohes finding an iniual feasible
solution. The mext step mmolves moving from one
extreme point 10 an adjacent extreme powmnt in the
dircction that maximizes the change in the objective
function Z... This siep is repeated if there is
nuprovement in the objective function The iterations
continue until no improvement n Z. occurs.
indicating that the optimum solution has been
obtained in the penuiimate ieration.

The mathematical computations imohed m the
simplex method could be labortous. Howerer muh
the advent of the computers and thewr mse m
optimization modcls.
solved routinely.

Timher-flow [

compicx problems Sam be

‘N
(o)

s

slots toi the Nlanagement of Nauclea dideviiddni
RESULTS

The prediction equation obtmned 1 this study.
smiablc for current and future vicld prediction is

ERCH b

InSI"=6.2732-2233434 cyn.l”
Where, SV = Stem volume per hectare (m /hay
= stand age {vears).

The coefficient of determination R 3 and  mean
square ¢rror (MSE) arc gnen us 0.0404 and 0.5483
respectively.  Although. site mdex was used m
calibration. 1 was not significant in thic model. The
basal arca varble emve a good 11t when included m
the model but rogares series of equaiions 10 estmMaie
the future stand density

Talidation Test

The results of validation test for the vield model for
future volume prediction are picsented as foilows:

Table 1: Validation of equation 17

InS]"=62732-22.33434 "
Mear, N d adue p-value
¢
Observed 281 90 38 07673 014649
SV (ns)
Predicted 245 44 3
SV

ns = not swmhc.mt at ¢ =0.05

Equation 17 was used to compute the expected
volume (m:‘-'h;n of Naucica diderrichin stands in Omo
Forest Reserve. This represenis the poiential quantity
of Nauclee available n cach stand per unit aren.
throughout the planning period of 20 vears au 3-vear
mienal

Table 2: Expected volume of Nawclea stands
Stand Volume (m7ha)
Ist 2nd Srd 4th
Inien i inien al inicnai  inienal
T 1993 82 43 142 51 19210 23183

1992 9 12 15350 0077 23% 73
1990 ilvel 17555 21699 25182
1976 254 27187 399 2 3i9 13
1975 5182 280 0% 303 34 32275
1973 265 %2 28991 31151 329.64
1971 27487 299 2™ 31913 336.10
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The tumber-flow policy model for the management of
Nauclea diderrichii is given as :

Find XiaoXe X .. . Xo4 all non-
ncgative. such that:

Max.Z, = 82.43X,; ; + 14251X; - + 192.10X; 1 +
+200.77X 3 + 238.78X- 4 + 119.61X;
+ 1735585 5 + 216.99X; 5 +251.82X;
+ 245 HX,  + 274.87X, - + 299.02X, 5
+319.13X, 4+ 251.82Xs ; + 280.08X; -
+ 303.34X;5 3+ 322.75X; 4 + 263.82X,
+ 289.91X, - + 31 151X, 5 +329.64X, ,
+ 27487 i 299.02X- - + 319.13X- ;
+ 336_10X- 4

- o szt e 1S
Subject to
Land vailability
N+ X2+ X2+ X,4<52650ha............eqn. 19
NG b X Xoy+ Xy <4423ha eqn. 20
e+ Xao+ Xaat Xan<209shasese . eqi2]
X +Xix+t X=X -trsiha . eqn. 22
Xog + X FXoa T R <2800ha ...... ... eqn.23
Ny F N PR . < S5050ha ... ... eqn. 24
X-  F X E R < 4560ha ... - egn.2y

Timbep-flov policy

(1) Free-flow policy: 1.¢. no constraint limits timber

flow.

(2) Even-flow policy:

251X 2+ 153.30X5- + 173.55X;5- + 274.87X,- +

280,08z~ + 289 91X, »

*’29‘)“3‘\"; - 82.43X,, - 9512:\: = Il()()])\:' -

245 44X, - 251 82X+,

—263.82X,;-27487X -, =0
SR teiine.. €GR.20

192.10X; 5+ 200 77X-:+ 216.99X 13 + 299.02X,5 +
30353886 3 731 151X

+ 319 13X-3 — 251X~ -153.3X5- -173.55X;5-~ -
274 87X~ - 280.08X.

-28991X,--299.02X =0

N - 238.78Xa + 251 82X, + 31Y.13X,, +
129,64, 4

= 336 10X-, - 192.1X,5-200.77X53 - 216.99X;35 -
299 02X, ; — 303.34X;54
AN 380.03X.,~0
................. eqn.2s

() Accelerated —cut policy:
142.51X, ¥ T 153.3()‘\,:: + ITR.SSX;,; 73 274.87X4,: &
280.08Xs- + 289.91X -
+299.02X-> — 82.43X;; — 95.12X,; - 11961X;5, -
245 HX,, - 251.82X5
—2063.82Xq; —27487X -, >0

................. eqn.26

192.10X, 5 + 200.77X~5 + 216.99X 33+ 299.02X 5 +
303.34Xs 5+ 311.51Xe3

+ 319.13X-3 — 142.51X, 5 -153.3X5 -173.55X;3- —
274.87X,- — 280.08X: '

—289.91X5- - 299.02X-->0

.............. eqn.27
231.83X;4 + 238.78X-.4 + 251.82X3,4 + 319.13X, 4 +
322.75X54 + 329.64X,4
+336.10X-, = 192.1X, 5 - 200.77X-: - 216.99X; 5 -

299.02X,3 - 303.34X53
=5311.51Xs3-319.13X-:>0
................. eqn.28

The solutions of the policy models under the three
tumber-flow policies investigated arc presented in
Tables 3. 4 and 5. The tables express the area cut in
every stand and period.

DISCUSSIONS

For sound management decisions and sustainable
timber flow policy. there is need to fully understand
the potentials of mathematical programming as
applied to timber flow decision — making. According
to Hoganson and Burk (1997). to make applications
of forest management models practical. direct linkage
to a forest growth model is required. Hence i this
studv. obtaining a prediction cquation for both
current and future vields was considered a verv
significant prerequisite for assessing timber-flow
policy models.

The vield model developed is simple and suitable for
prediction purposes. The model has relatively high R
value (64.04) with lower value of mean square crror
(0.5483). The validation test showed that there werc
no significant diffcrences between the observed and
the predicted values obtained from the vield model
{eqn.1). Thus. the model is considered appropriate for
predicting future vields at specified points in time.
The tumber flow-policy models developed and
vestigated in this study were aimed at studving the
timber flow patterns (with respect to harvesting and



Table 3. Opumal Loggng Plan under Frece-flow policy

“Stand ol e
» : Ist Pcniod
1993 Stock 26 50
Cut 0
1992 Stock 43123
Cut 0
990 Stock 20 95
Cut 0
1970 Stock 44 30
Cut 0
1975 Stock 28 00
Cut 0
1973 Stock S0 S0
Cur 0
1971 Stock . 45 60
SERNEUL D TR i
“Total Stock 260128
Cul : G

Table 4: Opusnal loggimg plan under Exen-flow policy

Sand. 08 ¢ - . AsCPeried

BRECE Stock 26.50
Cut 0

1992 Stock 44295
Cut 0

1990 Stock 20 93
Cut 0

1976 Stock 44 50
Cut 0

1975 Stock 2% 00
Cui 0

1973 Stock S0 S0

Cut 18 03

1971 Stock 43 60

Cut 43 60

Total Stock 200 28

_Cu 0363

hence regencraton) under three flow policies and
having the goal for volume maximization Table 3
shows the sequence of hamvest that maxumizes the
volumic of \awclea under free flow policy The enure
260 28ha will be cut only during the ast five vears of
the plan. Thus. during the fst. 2nd and Srd five vears.
nonc of the stand will be cut. This policy does not
appear to be rcasonable  Tius kind of production can
lcad to congestion of logs and henee depression
cconomic valuc (or stumpage price) of \aucilea trees

‘N

2650
G
4425
0
20093
0

44 30
0

28 00
(]

S0 50
0
43.00
()
72()7(7) 72?\'
0

Area Cut chay per penod

N

Arca Cut (ha) ber bcnc;d i
2nd Period

3" Period 4th Period
T 26.50- R e’ 00

() 2650

44 23 4123

0 ¥4 23

20 93 2093

0 MICA

44 30 44 50

0 44.50

28 00 28.00

0 28.00

30 S0 50 50

0 50.50

435 00 15 00 ]

0 43.60

H02& 26028

0 26028

2nd Perrod 3 Period Hh Period

26 30 2 S0 T

i 0 26 50
44,23 4423 4427

o 0 423
2093 I 13y

0 18 ol 234
44 50 14 34 0
0 1o 4434 0
28 0 0 0
28 00 0 0
245 0 0
3243 0 0

0 0 0

() 0 0
196 03 136.02 73.07
60 Ol 62 93 307

This will 1n fact be an illegal policy in a nauonal or
state forest. because 1t does not fulfill the non-
declimimg cven-tflow  policy  Table 4 shows. the
sequence of harvest that will maximize stem yvolunie
of  Nawncica under cven-flow  policy. A strict
iterpretation  of  this policy  requires  that  the
production of the forest be the same durmg cach
period of the cat. This policy m a way slow down
hquidation of stands. or better sull. regularize

o

Py
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Lable 3 Opumal logging plan under Accelerated cut policy

fomiber-1lose Poliev Modcls for thie Nanazement of Nanclea diderciug

Arca Cut (ha) per period

Stand Ist Peried 2nd Period 3" Period ~ +th Penod
WA T Siock | 26.o0MMNETT By 26 50 2630
Cut 0 0 0 26.30
1992 Stock 4423 44 23 4423 44 23
Cut 0 1] 0 44 23
1996 Stock 2095 2093 2095 29N
Cut 0 0 0 2093
1976 Stock 44 50 44 30 44.50 44 30
Cut (1] 0 0 14 30
1973 Stock 28 ) 2800 28.00 28 Oy
Cut ¢ 8 () I8 00
1973 Stock S0 30 S0 S0 30 36 S0 .50
Cut ] 0 0 ) 30 30
1971 Stock 43 00 43 ot 43 60 43 o0
Cut 0 0 ¥ 43 o0
Total Stock 260 2% 20028 20008 260 0%
Cut (8] 0 il 20028

production of stands from on¢ cutting penod i1¢ 3-
vear mienal) to another throughout thic plannine
nertod - Economically  the value of the
citectnely controlled through sicads <upply  This
finding 1s simular 10 the findines of Kaser (1997)
Table 3 shows the sequence of that
IENHNLZCS stem volume under aceelerited cut policy
The pattern of hanvest 1s identical with the solution
obtamed under free-flow  policy
Boweser smtable 10 a forest in which there s a aree
anount of over matured timber. that crow hintle n
vadue orther phyvsically or  economicaih
obvioushy not the case m tius study  The cntire stand
taccordimg to the solution obtained under tis policy)
will be cut durmg the tast five sears of the plan.
Again this will ead to congestion of logs and does
not appear sensible

A thorough appraisal of the solutions of the three
trmber-flow policies reveals that even-flow s the
most appropriate. This  policy  ensures  sastamed
timber production and a non-dechining tber-flow
I addinon 1o dhis the policy 1s enviremnientalh
friendly since forest removai at a pont m time s
nummal compared 10 the other two policics Forest
removal mercases the magnitude and mtensits of net
radiauon reaching the soil surface. Ghunan and Lal
(TYRT) observed that m the south central Nigena. on
average. 10 S and 113 MJ/m/day of isolation were
receined on g cleared site compared o 64 and 6 3
Aimoday o the forest during the dnv scasons of
1984 and 1983 respectinely . There 1s no doubt that
there are lagh and widely vaned demands and
expectatons on birological resources. These however
call for more ranonal and objectin ¢ approaches that

rees 1S

hanest

The pohicy s

This 1s

20 bevond merely reacting to resource crises and
concerns - an environmenially  unfriendiy  and
unsustamable manner This 1s m hine with S/zaro and
Salwasser (19910 Szaro ¢1992) and Ferguson «1996)

CONCLUSION

Tius study has provided mformation on modelling
tmber-flow policies for the management of i few
didermich plantations in Omo Forest Resene The
model was expanded to investigate three umber-flow
policies: free flow. even flow and accelerated cut
polictes It was shown ihat 1 the absence of any
constramnt on the flow of timber over (e free flow
pelicyy and  also under accelerated cut  policy.
harvesung s restricted only to the last 3-vear period
of the plan. Under a strict even-flon  policy
hanvesting was spread throughout the period of ithe
plan Thus appears to be the appropriate timber-flon
policy for the Nawc/ea stands 1 Omo forest resers e
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