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Using  a vcry s in ip lc  c lassi f icat ion bascd on rhc dcvclopmcnt o f  t i l i ibcr  volumc ovcr  agc (o r  t ime) two  typcs o f  
sustaitiablc forcst managcmctit arc distinguislicd: Rotation forcst rnanagcnicnt (RFM) and continuous covcr forcstry (CCF). 
Thc papcr dcscribcs various mctliods o f  liarvcst col i trol for RFhf  and C C F  systcnis and rnctliods I l lat apply to both. T l ic  
thcory o f  sustairiablc forcst managcmclit provit lcs modcls for or icntat ion atid l iarvcst contro l .  Howcvcr,  wc fititl that a 
good thcory implcmct i tcd in  a conipufcr systcm is no guarantee for  good tnanagctiicnt. Especially i n  CCF' systcnis, i t  is 
of tcn ricccssary to cstablisl i  a systctn o f  managcmcnt dc~i iot is t rat ion plots for  i l lust rat i l ig  s i l v i cu l tu ra l  objcct ivcs i n  t l ~ c  
ficld. T l lc  conccpts and mctliods o f  sustaitiablc forcst maliagcniclit can t l icorctical ly bc applicd to ally lantlscapc, includi l ig 
agricultural alid urban latidscapcs. 

Kcy words:  sustaitiablc forcst managcmcnt, continuous covcr  forcstry, rotation, l iarvcst contro l  

I~itroduction Envirorirnenlal S~stnirtable 11 iglz 
Issues Develol~merit 

According to the statistics issued by F A 0  (1997) per capita i 
the former Soviet Union, with over 800 mill. ha in each 
region. Forest areas of well above 500 mill. ha are 
found in each of the three important forestry regions 
Asia, Northern and Central America and Africa. 

We know more or  less where the forests are, but 
very little is known about the geographical distribu- 
tion of the types of  forest management. Sustainable 
forest management was one of the central topics of 
the 2 I "  IUFRO World Congress held in Kuala Lumpur, 
Malaysia. The Congress was attended by 2300 dele- 
gates from 91 countries. A total of 7 delegates calnc 
from the three Baltic states: 4 fro111 Latvia, 2 from Lit- 
uania and 1 from Estonia. 

Sustainable forest management was one of  the 
important topics of  the congress and the congress 
proceedings contain a number of contributions which 
show that many tropical countries are faced with a 
serious problem of land degradation. During the five- 
year period 1990 - 1995 South America lost 24, Africa 
19 and Asia 17 mill. ha of forest land (FAO, 1997). The 
priorities of forest use differ, depending on percapita 
income and forest cover (Fig. 1). 

- 
and BMELF (1996) the world forest area an~oun t s  to inconle 

lorv 
about 3.4 billion ha. The biggest share of this area is 

I'er capita forest cover 

Figure 1 .  Priorities of forest use, depending on per capita 
incornc a n d  forest cover (Ernborg and Larsen, 1999). 

situated in South America and within the borders of low 11i~11 

Subsiste~zce 
Issues 

Major factors causing deforestation in many parts 
of the world are an exceptionally high rate of  timber 
removals, grazing and shifting cultivation and conver- 
sion of natural forests into rubber, oil palm cacao or  
sugar cane plantations (Dada, 2000; Nik and Varques 
Bigcas, 2000; Abdul and Appanah, 2000). The econom- 
ic gains from logging are heavily offset by long-term 
environmental damages and costs to society. Agrofor- 
estry and silvipastoral systems and woodlots with 
annual crop interplanting (Taungya) are very common 
in tropical regions, especially in Central America (De 
Camino, 2000; Beer et al., 2000). 

One of the milestones o f  econolnic theory is the 
trngedv of the con~moris. Hardin (1968) argues that a 
comnlon resource is condetnned to disappear when 
there is free access and Bousquet et al .  (2000) could 

Ecoriorizic 
Develol~nient 
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verify typical patterns of  forest depletion which sup- 
port this theory. The problem can be solved by priva- 
tization or by controlling access to the resource, us- 
ing regulatory or incentive mechanisms. Isolated Tor- 
est remnants play a critical role in conserving biodi- 
versity within the agricultural landscape (Harvey et al.. 
2000). The question is: how long can these remnants 
and isolated trees survive. Are agroforestry systems 
that depend on high forest trees really sustainable'? 
New software such as the multiagent sin~ulation soft- 
ware MAS (Bousquet et al., 2000) and the FLORBS 
system (Vanclay et al.,  2000) is being developed to 
explore the consequences of alternative landuse sce- 
narios. 

Sirstninnhle Forest Mar~ngerrzerrt S J ~ S ~ E I I I S  
Today, we will be concerned with sustainable 

systems of forest management which is practiced only 
in a very small proportion of the world's forests. Us- 
ing a very simple classification based on the devel- 
op~nent  of timber volume over age or time we may dis- 
tinguish two types of  sustainable forest management 
system. Rotation forest management ( R F M )  systems 
with standard silvicultural treatments and continuous 
cover forestry (CCF) systems with selective harvest- 
ing (Fig. 2). The distinction is usually the result of 
decisions relating to the cost of timber harvesting, 
simplicity of nianagement, or intangible benefits, such 
as ecosystetn stability. 

Rolnlion nmrragerrren/ sy.rferrr.r Corrlirrrrorr coiser sy.vferrrr 
Clear/ellirrg syalenrs Foresl gar(ierring 

I CCI: systems 

lime 

Figure 2. Sustainable systems of forest rnanagcmcnt 

RFM type systems with fast-growing timber spe- 
cies and intensive silviculture are found in the South- 
ern hemisphere (Chile, South Africa, Australia, New 
Zealand), in the South-Eastern United States, in many 
parts of Asia and in the Mediterranean Region. Low 
intensity RFM systems are usually found in regions 
controlled by timber processing colnpanies requiring 

I f n r d \ v o o d  region of North America and the K r i y s r l n  
f o r . e s t s  of South Africa. 

Tlzeoreticnl nspects of Si~stnirrable Forest 
Mnriagerrterzt 

The theory of sustainable forest management pro- 
vides models for orientation and harvest control. The 
Normal Forest Model, proposed by Hundeshagen in 
1826, is defined by a yield table and a rotation. The 
model is used to calculate a sirstainable harvest vol- 
ume, based on the mean annual increment and the ratio 
of current to normal growing stock. 

The effect of the rotation on the normal growing 
stock vo lu~ne  and the annual sustainable harvest may 
be illustrated using an example from the Southern 
United States (Clutter et al., 1983). A pulpmill needs 
400 000 cunits (about 1.5 million m') roundwood per 
year from pine plantations in Southern Georgia, USA 
(Tab. 1 ) .  

flow many acres of forest land are required to 
secure a continuous harvest of  the required timber 
volume? The lnost essential tool for addressing this 
problem is a yield model, such as the one shown in 
the second column of Tab. 1 (one c i r r l i t  p e r  n c r e  is 
approximately equivalent to 7.2 m3 per ha). The annu- 
al cutting area, the required total area, the growing 
stock volume, the relative harvest rate and the mean 
annual increment are shown for different rotations. 

Table 1. Exarnplc o f  an application of  the Normal Forcst 
Modcl in the Southern United Statcs. 

regular raw material supplies. Large timber reservoirs 
are found in the coniferous forests of the boreal re- The growing stock which is available for the fi- 
gion. nal harvest increases with increasing rotation age, 

CCF systems are characterized by selective re- which affects the annual sustainable cutting area, the 
movals and are found in densely poplllated regions required total area, the total growing stock volume, the 
and in sollle tropical forests. Exalnples of  this type are relative sustainable harvest rate and the mean annual 
the so-called p l e n t e r .  forests found in France, Switzer- increment. The MA1 reaches a maximum at the age of 
land, Slowenia and Germany, forests in the N o r t 1 1 e r . n  18 years. This age represents the minimum-landbasc- 
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rotation, i.e. the rotation where the area required for 
supplying 400 000 cunits per year is at a minimum 
(which is not necessarily the most economical one). 
The   nod el of  the normal forest is a standard which 
can be used for comparisons of current and normal 
growing stock volumes. Its value as a scenario model 
is rather limited. 

Age clnss sir11 rr lntiorz 
Quite useful, though eqitally simple, are methods 

based on age class sirnulations. In the simplest simu- 
lation approach, the forest area is subdivided into 111 

age classes each covcring an area of a ha in the jtll 
felling period (i=l..m; j=O..n). The available timber vol- 
ume in the i ' th age  class is equal to v l l  , and the 
planned total harvest volume for the jth felling period 
is 11, (Fig. 3). 

terpreted with the necessary caution. I-Iowever, an age- 
class simulation is ofteri the only feasible way to pre- 
dict the dynamic developmellt of  a forest resource for 
large timber growing regions. 

Area Charige Morlels 
Area change models predict transitions of forest 

states througli time. They project the historical har- 
vesting practice and have been used for timber sup- 
ply projections in Japan (Konohira and Amano, 1986) 
and in Europe (Kurt11 and Dittrich, 1987; Kouba, 1989; 
Kolenka et al., 1996). One of the most famous appli- 
cations is Suzuki's ( 197 1) Gerrta~r model. 

We may define p,(n) as the probability that a ran- 
dotnly selected forest area is in state i at  time rr and 
tll  as the conditional probability that state i moves to 

[;or cnc l~  liarvcst pcriotl j, do: 
For cac l~  age class i. starling will] ~ l i c  
oltlcst one, and \vliile 11,>0, [lo: 

a) Calcularc tlic availahle growitig 
stock volunic vii ; 

h) i f  hi 2 vii, Ihcn liarvcst l l ~ e  cntirc 

growing stock available in agc 
class i; 
clsc l~arvcst only Iii ni'; 

c) subtract l l ic volunic harvcslctf 
fro111 11: 

Figure 3. Algol-ithm for age-class sirnu- 
lation with flowchart and  pscurlocode. 
a.=forcst area available in agc class i 
(i=l ..nl) ant1 period j (j=l..n); v,=timber 
volurnc available in agc class i and pcri- 
od j); vcut,,=tirnbcr volurnc harvcstcd in 
agc class i ontl pcriod j (m'); 
acut rhnrvcstcd arca in age class i and pc- 
riod j (ha); hi =spccificrl harvcst volu~nc 
for pcriod j (rn3). 

The technique, which is easily ilnplementcd as a 
spreadsheet program, has been demonstrated for var- 
ious forest types, including fast-growit~g timber plan- 
tations and Piiitrs si1vestr.i~ forests in Russia, based 
on Shvidenko's et al. (1995) yjeld model (cf. Gadow 
and Puun~alainen, 2000). 

As an example collsitler a Eucoljy7fris gt,arrdis Plan- 
tation of 1000 ha. The planned harvest volume is 15000 
ml/year. Starting with the oldest areas, age class G is 
totally cut, yielding 9570 m3. The remaining 5430 m' is 
taken fro111 age class 5, requiring a cutting area of 71.7 
ha. The cut area, covering 17 1.7 ha is regenerated and 
the process repeated in the next cutting period (Tab. 2). 

Tablc 2. Simplified cxamplc showing one iteration of a Err- 
cnli~ntrrs ern~rdis Plantation of I000 ha. 

state j within a given titlie step, i.e. as the conditional 
probability that j will be reached provided the system 
is currently in i. Let tl, ,  be the probability that a forest 
stand which belongs to the j'th age class is harvest- 
ed and thus moves to age class 1 .  Then t l , l+,  is the 
conditional psobability that a stand which belongs to 
the j'th age class survives and grows into the (j+l) 'th 
age class. Nonually, t , , ,  + t T J L ,  = 1 and the general matrix 
of transition probabilities may thus be written as in 
the table. 

The area change approach may have some poten- 
tial as a scenario modelling tool, e.g. for forecasting 
the development of age structures on a regional and 
national scale. However, some work needs to be done 
to predict the transition probabilities more accurately 
(Blandon, 1985; Randall and Gadow, 1990). The tran- .. A L. 

sition probabilities are not independent of the current 
age class distribution and this is one of the main prob- 
lems associated with their use. 

Corltirilrorrs cover forests 
The large-scale application of new silvicultural 

systems has become a political reality in Europe. This 

Obviously, the i n v o l v e s  considerable ag- involves a gradual transfor11lation of traditional silvi- 

gregation over growing sites, forest types and man-  cultural practice towards Coittirlrrolrs Cover For.estr:ll, 

agement regimes and the predictions have to be in- "SO known as foi'est gar.derlirig s}~.stelrls. favouring 
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niixed uneven-aged stands, site-adapted tree specics 
and selective harvesting (Griesel and Gadow, 1995). 

Selective harvesting systems have a long tradi- 
tion, but the methods of  calculating sustainable har- 
vest levels have been practiced only in a few tropical 
forests (Laughton, 1937; Breitenbach, 1974; Seydack 
et al., 1995), in some Northern hardwood forests in the 
USA (Hansen, 1987) and in the European Plcnter for- 
ests (Biolley, 1980; Schiitz, 1994). 

In a forest managed under the selection system, 
the stand age is undefined. Forest developnicnt does 
not follow a cyclic harvest-and-regeneration pattern. 
Instead, it oscillntes around some ideal level of grow- 
ing stock. The mean annual increment is not appro- 
priate for measuring productivity and the Nor.111nl 
Forest concept and the traditional sustair~ability cri- 
teria are not applicable. 

Various techniques have been devised for ensur- 
ing sustainable harvests in forest gardening systems. 
The most colnmon type involves recurring visits to a 
given compartment and to simply skim off the accumu- 
lated increlnent at each visit. The principle resembles 
the normal forest and the aim is to ensure that timber 
can be harvested each year. First, we have to define 

The aim of tlic traditional Ple~l te / .~vald harvesting 
systems practiced in Switzerland, France, Italy, Slowe- 
nia and Germany, is to define an optimum forest struc- 
turc by using an inverse J-shaped diameter distribu- 
tion model (Fig. 5). The target distribution is re-estab- 
lished by periodic removal of trees in the different 
diamcter classes. 

Figure 5. Optimiim forcst structure dcfincd by an inverse 
J-shaped diamctcr distribution modcl. 

the number of years between harvests in a particular 
In theory, the approach is very simple and logi- 

compartment, 1.. To ensure sustainable yields, the for- cal. By comparing the rcal and the ideal diameter dis- 
est is thcn subdivided into land parcels each covering 

tributions, it is possible to determine the number of 
one r'th of the total area. Each land parcel represents a 

stems that should be harvested in each diameter class. 
state which is characterized by the number of years that In mixcd fir, spruce and beech forests of the Trentino 
have passed since the last harvest (Fig. 4). region of the Italian Alps trees are harvested with 

l~nrvcst pcriod I hnrvcst pcriod 11 

Fig. 4. Sclic~natic illustration of the mapping of the progres- 
sion of harvest locations using a rccurrcncc cyclc of 5 years 

Assuming, for example, a recurrence cycle of 5 
years, we can map the progression of harvest loca- 
tions, as shown in Fig. 3 where in harvest period l, a 
harvest is due in the darkly shaded land parcel where 
tlie last visit occurred 5 years ago. The state-space 
distribution changes after each time step as a result 
of the harvest of tlie oldest parcel and the accumula- 
tion of harvestable timber in the other land parcels. 
In harvest period I1 the state-space distribution has 
changed and parcel 4 is up for harvest, and so on. 

Tnrget Dinrrreter-distriBrrtiorls 
The main problem in a continuous cover forest is 

to determine which trees are to be re~noved and which 
are to remain. The decision may concern tree size or a 
combinatio~l of tree size, species and timber quality. 

reference to the model defined by Susniel (1980; see 
also Virgilietti and Buorgiorno, 1997). Meyer (1933) 
proposed the function Irr(N) = a - /3. D for specify- 
ing tlie itleal diameter distribution. In a Fettle1 forest 
which is characterized by group harvesting and gap 
regeneration Meyer's fl parameter assulnes values 
ranging fro111 0.08 to 0.15, depending on the maximun~ 
diameter of  harvestable trees. In a Plenter forest the 
(:-values are i~sually much lower, ranging between 0.05 
and 0.07. 

Unfortunately, there is no generally accepted ideal 
distribution of tree sizes, but a rather wide range of 
distributions found in stable Plentei  and Fentel for- 
ests (cf. Mitscherlich, 1952). The Plenter guide curves 
are thus of limited use. 

Basal Area Norrrrnlities 
So-called bnsnl area noi~rrzalitirs are applied in 

some CCF systerns. The first step involves a classifi- 
cation of different tree species and size classes on the 
basis of  their current and future potential, e.g. I = 

mature trees of commercially valuable species; 11 = 

immature trees of commercially valuable species which 
will eventually reach class 1; 111 = other non-commer- 

2001,Vol. 9, No. 1 (12) lSSN 1392- 1355 m 
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cia1 tree species; IV = undesirable exotic intruders. A 
normal basal area distribution will then be defined for 
each forest type and tree class. Fig. 6 shows basal area 
normalities for a ~nediurn-moist forest in the Knysna 
region of Soutli Africa. 

r e ~ ~ ~ o v a l ~ l c  
surplus 1 I  I 1  I l l  l i l  

Tree Clas.~ 

Figure 6. Optimum forcst strrlcturc dcfincd by a basal area 
distribution model. Lcft: basal arca distribution ovcr trcc 
classcs bcforc the harvest, with normal basal arca distribu- 
tion superimposed (centrc) and rernovablc surplus (right) 

The theory of sustainable forest management pro- 
vides models for orientation and harvest control. There 
is a range of well-established techniques applicable to 
either rotation management forests or continuous cover 
forests. However, there are also techniques that can 
be used in any system of management. 

Tlte Model I Concept 
An example of a theoretical framework that can be 

used in any system of management is the model 1 con- 
cept. For each land parcel i (i=l . . I )  with area A ,a  range 
of treatment schedules or development paths are de- 
fined. Each treatment schedule j (j=1 ..J,) is assigned a 
utility u,, per unit area. Furthermore, the total sustain- 
able periodic harvest MI is determined for the entire 
management unit and the per hectare product yields 

"I,,j, are specified. 
The space-time pattern of land use (i.e. the solu- 

tion values of the T,) which maximizes the total utility 
of all the treatment schedules and also satisfies the 
periodic harvest constraints is then determined (Fig 7). 

The Model I is a theoretical concept that can be 
applied in a great variety of forest management situa- 
tions. It provides the methodical framework for evalu- 
ating a variety of  scencrrios of forest development. 
Each scenario represents a specific combination of de- 
velopment paths of individual land parcels. Each land 
parcel is spatially defined. The movement of a forest- 

Ol~cclive x;-, 2 ;;,,,,,x,, - l ? l (J . r .  

fir~lctiorr 

C O I I S ( I ~ ~ ~ I Z I S  I:-, 1 I,,,* x, ,  = h i p  V1, {J 

x:-, "!, - "f 
X,, r 0. 

Figure 7. The Model I is a theoretical conccpt that can be 
applied in a grcat variety of  forcst rnanagcmcnt situations. 
Each land parccl is spatially defined and tlie ~novcmcnt  of  a 
forestcd landscapc througl~ timc can thus bc shown as a sc- 
ries of  maps depicting tlie cffccts of  the pcriodic treatments 
in thc diffcrent land parcels, as shown on thc right. 

ed landscape through time can thus be shown as a 
series of maps depicting the effects of  the periodic 
treatments in the different land parcels. 

Martagerrterit Derrronstr.atiort Plots 
The theory of sustainable forest management pro- 

vides models for orientation and harvest control and 
there is a range of well-established techniques appli- 
cable to either rotation management forests or contin- 
uous cover forests. However, we find that a good the- 
ory inlplelnented in a computer system is no guaran- 
tee for good management. It is often necessary to 
establish a system of  management plots for illustrat- 
ing silvicultural objectives in the field (Fig. 8). 

I I<csrarch ['lots I M;~nagement Plots I 

Figure 8. Sclicmatic illustration of research plots (for cvalu- 
ating treatments) and managcmcnt plots (MDP's - management 
de~nonstration plots and MCP's managcmcnt control plots). 

Research plots are used to evaluate diffcrent treat- 
ments. We distinguish two types of management plots: 
Permanently marked management demonstration plots 
are used to denionstrate desirable management prac- 
tices and to gather data for growth models. Event anal- 
ysis with temporary management control plots are used 
to monitor silvicultural activity. 

Urban Forestry Project 
The concepts and methods of sustainable forest 

management can theoretically be applied to any land- 
scape, including agricrlltural and urban landscapes. 
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Forests, Parks and trees are highly valued resources Literature 
in urban areas. 

For this reason, a number of related project pro- Abclu l  R s z a k  M o h d  A l i  a n d  i \pp:~nal i  S .  2000. 1:orcst rc-  

posals are presently being prepared. The common sourccs managcnic~i t  i n  Soutli-East Asia - nc\v d i r cc t~ons .  
Proc. X X I  IUI : l iO w o r l d  corigrcss Vol 1 :  933-943. project title is Evolufiorr oJ'For~estecl Lnrrtlsccl~~cs irr 

Uarros O. Wcintraub A. 1982,  plallnillg for a vcrrical- 
Urban Ai.eas. Evolution of  Forested Landscapes em- I v  in tcr ratcd forcst i11tlust1-v. Oocrations rcscarch 30: 

J ,  

braces a multitude of modifications of biochemical- 1 1 6 8 - I  182.  

physical state variables biological processes re- Rccr  J . ,  I l , ra l~ in i ,  R1. ancl S c l ~ l i i n v o i g t  A. 2000. T imbcr  pro-  
d r ~ c t i o ~ i  i n  t r o p ~ c a l  agroforcstry systcols o f  Ccntral A ~ n c r -  sulting from natural tree growth or the removal or plant- 
ica. Proc. X X I  1UI:RO w o r l d  congrcss Vol 1 :  777-786. 

i ng  of  trees. Tree-related planning and decision-mak- Rccsc F. 1996. Indikatorcn f i i r  cinc mu l~ i f c~ r i k t i o t i c l l c  Wald- 
ing needs to be comn~unicated to interested and in- ~ iu tzung .  Forslw. CbI. 115: 65-79. 

formed citizens, information from a variety of B c l l n i n ~ i  It. E. 1954. Thc t l icory o f  d y n a ~ n i c  progranini ing. 

discipli~ies. Effective communication and mediation is l3u11. Anlcr. Mat l i .  Soc. 60:503-516. 
Rcrgcn  V. 1997. Volkswirtscliaftslclirc, Tc i l  I .  Lccturc Notcs. 

a prerequisite for successful urban development. One University of  G v t t i ~ i g c n :  62 pp. 
of the focal points of the project is an approach known Rio l l cy  11. 1980. Ocuvrc bcri tc. Supplc~ncr i t  to tlic Zc i tsc l l r i f t  

~ ~ ~ ~ 

as tree everlt orra~vsis. Each tree renloval or tree plant- dcs Scl iwcizcriscl icn I :orstvcrci~is, No. 66: 458 p. 
Blanclon P. 1985. Forcst Econo~n ics  a ~ i d  thc Gcnlan Proba- ilig in a municipal forest, a park, along a street or in a 

b i l i t y  U is t r i hu t io~ i .  J. Sap. For. Soc. 67 (12): 478-485. 
garden represents a tree everrt. The analysis of a tree nousquct F., L~ page c., A~~~~~~ M .  and ~,,i~,,l p. 2000. 
event calls for a concerted approach with contributions Ecological scalcs and usc rights - t l ~ c  ~ s c  o f  ~ n u l t i a g c ~ i t  sys- 

from the various disciplines, including the social sci- 
ences, the natural sciences and the engineering and 
information sciences. 

Harvest scheduling has always been a central is- 
sue in forest management, but harvest scenarios do not 
necessarily produce feasible plans. Felling volu~nes are 
often specified and, by some magic, assumed to be 
available at the prescribed time. To ensure that forest 
management scenarios are realistic, greater emphasis 
needs to be placed on models that predict and evalu- 
ate potential hazards. 

There is a wealth of harvest control techniques 
for calculating sustainable harvest levels, but a short- 
age of methods for evaluating sustainability under risk. 
A potential hazard presents a risk if it occurs with a 
probability greater than zero and if its occurrence will 
cause danlage to a valuable object. The probability of 
occurrence of a given hazard factor may be defined by 
a probability distribution depicting the frequency of 
certain events, based on previous observations. Kou- 
ba (1989), for example, used the Weibull function for 
modelling spruce forest survival, assurning a variety 
of hazards and their cumulative effect. 

Over the past 200 years forest scientists have 
developed a rich assortment of methods for sustaina- 
ble forest management. Some of the concepts are ap- 
plicable in urban forestry and landscape management. 
The theory of  sustainable forest management provides 
a range of useful models for orientation and control. 
These tnodels can be usefully employed in the Illan- 
agetnent of important biological resources in many 
parts of the world. 

tcms. -1'roc. X X I  IUI:RO wor ld  congress Vol 1: 730-742. 
R r c i t c ~ i b r c l ~  F. v. 1974. Sor~t l ic rn Cape Forcsts and trccs. T l ic  

Govcrnt i icnt Printcr. Prctoria: 328 p. 
Rrcyniann.  I86X. Anlc i tu l ig  zur  I - lo lz~ i icssku~is t .  Waltlcrlrags- 

b c s t i ~ n ~ n u n g  u ~ i d  W a l t l w c r t b c r c c l l n ~ ~ ~ i g .  Wicl i .  
Brodie .I. D., /\darns 1). M. Sr K a o  C. 1978. Analysis o f  cco- 

notnic impacts on t l ~ i ~ i n i ~ i g  a ~ i t l  rotatioti for Uouglas-fir, 
using dynamic prograniming. Porcst Scicricc 24(4): 5 13-522. 

B r o u i l l c t  L.. D c p i e r r e  A.. 1)cmolis C., I 'c rdot  kI., P r c ~ ~ c y  
S., L n t r c i l l e  C., G i o v a n i r ~ i  J.-P., l l e r b c r t  I., N i c o t  P., 
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