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ABSTRACT 

JABOWA, a northeast forest growth simulator, is a 

computer program model designed for use on and with data 

from the Hubbard-Brook Experimental Forest in New Hamp

shire. In essence, the program predicts natural suc

cession which would occur on a ten meter by ten meter plot 

with specified conditions, such as elevation, moisture 

and temperature levels, tree species, and soil-site factors 

including soil texture, depth and moisture holding capacity. 

In theory, the program can be used in other geographic 

areas and with tree species different from those in the 

original program. The subject of this report is the vali

dation of JABOWA for use in Ohio forests and with Ohio 

forest data. The forest system in New England has differ

ent species, site and climatic factors, and dynamic inter

relationships than found in Ohio. Therefore, a model 

developed for New England requires some change to predict 

Ohio growth trends. 

A model such as JABOWA could be a valuable tool for 

forest managers to use as a guide for management decisions. 

Students could use the model in the classroom observing 

effects of various site factors on growth, succession, and 

management decision patterns. 

To get an understanding of the terms "system," "model," 

and "simulation," a discussion is presented. Models such 

as JABOWA are based on a "systems" approach to problem-



solvingi in other words, the unit being modeled is looked 

at in terms of interrelationships found between organisms, 

forces, substances and conditions within the system. To 

build a model of a system, one needs to understand the 

interrelationships between its subsystems. A simulation 

is a type of model which uses quantitative expressions to 

predict effects of changes in a subsystem on other sub

systems. 

Complexity of relationships in a forest system make it 

difficult to predict patterns of change within the system. 

However, a knowledge of interrelationships allows function

al equations to be developed which can predict patterns in 

the system or its parts within certain limits. 

Deviations from the "real world" in the program and 

the ramifications of these are discussed. 

Before validation could begin, the program had to be 

revised to Ohio species, climate, soil and other site fac

tors. This was accomplished with the help of a revision 

guide supplied by the designer, Dr. Daniel Botkin of Yale 

University. 

Understory data supplied by Dr. James Brown of the 

Ohio Agricultural Research and Development Center, was 

used as a comparison for the simuJated data. Trends of 

the real and simulated species compositions were not 

sufficiently compatible, thus proving, at least un~er the 

circumstances used for the test, JABOWA is not a valid 

predictor of growth patterns in Ohio forests. 



The conclusion is discussed in the light of possible 

error sources in the program and basedata. Inadequate data 

and information sources, and steps that can be taken to 

alter the program to a more desirable state are considered. 
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VALIDATION OF JABOWA 

A NORTHEAST FOREST SIMULATOR 

I. JABOWA - ~vHAT IS IT? 

Introduction: 

JABOWA, a northeast forest simulator, is a computer 

program designed as a continuation of the Hubbard-Brook 

Ecosystem Study. The model successfully reproduces the 

population dynamics of the trees in a mixed species forest 

of northeast United States. It was built to capitalize on 

data, environmental and site, species and tree growth, 

collected by F.H. Bormann and T.C. Siccama of Yale, 

G.E. Likens and R.H. Whittaker of Cornell, R.S. Pierce 

of the U.S. Forest Service, and their co-workers. Pro

fessor D.B. Botkin (Yale), Dr. J.F. Janak (IBM theoretical 

physicist) and Dr. J.R. Wallis (IBM research hydrologist) 

were responsible for all phases of the formulation and 

programming. 

The complexity of a forest makes it hard to see re

lationships or predict effects of dynamics within the forest. 

The basic goal of the JABOWJ-. program was to produce a 

dynamic model of forest gro\v·th. In the model, changes in 

the state of the forest are a function of its present st~te 

and random components of regeneration ancJ death. A primary 

difficulty in developing the model arose in finding usable 

data regarding relationships between tree growth and en-



vironmental factors. When lacking data, simple yet reason

able relationships were synthesize~ based on whatever know

ledge and related data were available (5). 

In theory, the program can be used, with modification, 

in other geographic areas and with species other than those 

used in the original program. .7C.. revision of the program 

is easily implemented using a guide provided by its three 

designers. It is the pi.!rpose of this investigation to 

attempt validation of the revised program using real data 

from Ohio forests. The validity of the progt"am would be 

determined by the similarity between the simulated and real 

sets of data. It was hoped that with proof of validity, 

JABOh'A could be used in an educational-management oriented 

aspect for Ohio foresters, forest land m•mers, and forestry 

students. This is discussed in a later section. 

Backgrounds To Models And Simulations: 

Since models such as JABOWA are based on a "systems" 

approach to solving a problem, the best approach to a 

discussion of models is through the definition of a syste~. 

A system, whether social, economic or biological, can 

be defined as a set of interrelated parts which are highly 

interdependent and collectively exhibit a high degree of 

closure. 

This concept can be illustrated using the example of 

a natural ecosystem. The ecosystem consists of all the 
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living organisms, dependent on each other for food and 

recycling of nutrients, plus all the geophysical components 

such as soil, weather and geography, which are involved 

in and necessary for the continuation of the system. All 

living organisms of an ecosystem are interrelated through 

food chains; for example, a plant is eaten by an insect 

which is eaten by a bird which is eaten by a fox. The 

living organisms are also interrelated to the geophysical 

comp~nents which make up their habitat. Without a certain 

climate or geographical feature, certain species would not 

be able to exist. 

A system exhibits a high degree of closure by being 

self-sufficient, self-regenerating or having distinct 

boundaries. This concept can be illustrated by looking 

at a watershed ecosystem. Closure is exhibited by the 

relative lack of external connections to other systems. 

Inputs into a watershed may be only a stream source, air 

and precipitation movement and limited emigration of 

animal and plant individuals. Interrelationships between 

the watershed system and other systems are very limited. 

The biological and geophysical processes going on within 

the boundaries of the watershed are much more interrelated 

and interdependent than external interrelationships. 

Therefore a high degree of closure is exhibited. 

An understanding of these and many other interrelation

ships is desirable for the building and use of an ecosystem 
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model such as JABOWA. Nhat exactly is meant by the term 

"model"? It is a representation of the \vorkings, inter

relationships, changes within some system. It serves as a 

first approximation of the system, and it can later be 

built. upon and improved. The model can be used as a 

forecaster of events. In the case of JABOWA, experiments 

too expensive or time consuming to be done in the real 

world can be carried out; i.e., the effects of environ

mental changes on a forest ecosystem. 

The functions of the system conponents and the flows 

(interrelationships) between them can be represented by 

mathematical equations, a useful shorthand for describing 

complex ecological systems. These equations representing 

system behavior are quantitative expressions such as 

linear regressions or differential equations. 

A mathematical model can be broken into four basic 

elements (12): 

1) The state or condition of a system at any time 

is represented by sets of numbers, system variables. 

Different system variables characterize different com

ponents or subsystems of the system. 

2) Functional relationship equations represent 

interactions between components. 

3) Outside factors affecting components of the 

system are represented by forcing function equations. 

4) Parameter is the term used for constants of 
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mathematical equations. 

As an example, it might be determined that if an 

herbivore population is doubled, the amount of biomass 

consumed increases by 1.8. The removal of the extra 

vegetation results in 1.5 times as much solar energy 

reaching the soil surface. This increase in energy in

creases soil water evaporation which reduces the amount 

of precipitation in run-off. By obtaining quantitative 

expressions for these relationships, changes made in one 

subsystem can be traced through the system to see how 

other parts are affected by the initial change. 

A simulation, such as JABOWA, is a model which can 

predict events extrapolated beyond the realm of historic 

data. In other words, instead of predicting within the 

limits of historic values, a simulator predicts outside 

of these bounds, yet based on the historic data. An 

example might be as follows: 

Growth data for a stand of trees has been gathered 

covering twenty years of growth. Mathematical expressions 

representing growth trends for each species are formulated. 

These simulation equations should predict, within specific 

limits, growth trends of the stand past the twenty years 

of field data, to forty, sixty, eighty years of growth. 

The system being simulated in the case of JABOWA is 

a forest ecosystem. A forest is a dynamic system of inter

related subsystems. The complexity encountered makes it 

difficult to attempt to synthesize knowledge or predict 
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patterns of growth within the dynamic system, without the 

construction or use of a model. However, the relationships 

between subsystems, water, soil, sunlight, vegetation, can 

be roughly determined from past observations without under-

standing the internal workings of the components. The term 

understanding in this case, is thought of as the ability to 

see how a component is organized from simpler parts. In order 

to predict how a component of a system will behave it is not 

necessary to understand precisely how that component is 

structured internally (12). Once data on results of changes 

in relations between component parts of an ecosystem are 

known, a series of functional equations can be developed, 

as stated earlier, to represent these relationships. 

Predictions thus can be made about the system or its parts. 

The Northeast Forest Simulator (JABOWA) is a model 

which, through a computer program, simulates the growth, 

birth and death of trees, the natural succession, on a 

northeastern U.S. forest plot. Values for site character-

istics such as soil depth and moisture capacity, elevation, 

amount of rock present, or moisture storage capacity of the 

soil can be specified by the user. The program uses this 

data to adjust parameters which affect the birth, growth 

and death of various species. These three functions are 
and 

dependent on the site requirementsVcharacteristics of 

individual species and an element of chance, which is 

provided through a random number generator. The program 

establishes and grows trees according to the functional 
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equations, which are modified by existing site conditions. 

The user can note the growth rates of trees and species 

composition of the stand over periods of up to 500 years. 

DEVIATIONS: 

Mention should be made of possible sources of error 

from within the program. 

Any deviations from expectations suggest that the 

model is not a true representation of the real world. 

Several limitations can be pointed out. 

The growth functions are based on the maximum known 

size of each species. The fact that very few trees ever 

reach this maximum size is not really taken into account, 

in terms of site factors affecting growth and death. 

The concept of form and factors affecting form of 

individual trees has not been taken into account. At 

the time JABOWA was developed, no relationship had been 

established between height and diameter growth and factors 

such as growing degree days or site quality. 

Other somewhat arbitrary assumptions were made to 

fill gaps in incomplete data. Species are treated in only 

two tolerance classes, tolerant and intolerant. Deviation 

can result because of this. There are species which are 

not easily placed in tolerant-intolerant classes. 

Intermediates such as these should be in separate classes. 

A system of three-five tolerance classes might be a more 

effective way to take into account gradations in tolerance 
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levels of species. 

The soil and climate data are sometimes crude approxi

tions, necessarily resulting in some error. The program re

quires values for soil depth, texture, and moisture holding 

capacity. When attempting to predict growth patterns for 

comparison to field data, the soil characteristics may not 

be complete and estimations mu~be used. Temperature and 

precipitation data used for JABOWA were taken from North 

America isotherrrfnaps and Ohio average monthly precipitation 

figures. This data may be too general to accurately re

flect conditions in a specific area of Ohio. 

The simulator relies heavily on the random number 

generator as is evidenced by previous mention. The model 

. is predicting what could happen rather than what will 

happen. It does give the most probable occurence under 

given circumstances, but all limitations present in the 

real world are not represented in this model. This could 

lead to some variant results. 

FUTURE USES: 

As compared with many other states, Ohio has very 

little professional management activity. In previous 

decades, Ohio has been basically an agricultural state. 

Now, especially in the southeast, old farmlands have 

slipped back into forest. New owners have little knowledge 

of what their land is capable of producing in terms of 

salable timber, or how long they can expect to wait for the 
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trees to reach a merchantable size. State forest managers 

have very little inventory data as a guide for management 

decisions, or how growth of trees will react to certain 

management practices. 

A simulation such as JABOWA could be a valuable tool 

for forest managers to use as a guide for management 

decisions. The revised form of such a model would contain 

local climatic data with site information and represent

ative species particular land being entered in the program 

by the user. This model will predict growth patterns 

resulting from certain management decisions, such as 

cutting, thinning or starting a monoculture plantation. 

JABOWA would be a good tool for use in the classroom. 

Forest management students would be able to see results 

of management decisions reflected in growth patterns 

covering up to 500 years. Effects of different climatic 

areas or of changing site conditions on various species 

are reflected in the growth patterns. Possibly even 

examples of succession over 500 years could be represented 

by the mode 1 . 

Further development of the program for more inten

sive future use could include developing a wildlife pop

ulation model, along the same lines as JABOWA, to incor

porate the animal component of the forest ecosystem with 

the plant. Enough research is being conducted in this 

area to supply adequate information for development of 

the model. The logical next step for a valid model is 
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to expand it, without severely generalizing, each time 

making the model a little closer to being a true represent-

ation of the real world. 

II. REVISION OF JABOWA TO OHIO DATA 

Before validation of the simulator for Ohio conditions 

could begin, the base data and species list of the original 

JABOWA had to be revised. JABOWA was developed, as mention-

ed earlier, with information from and for use on the Hubbard-

Brook Experimental Forest, located in New Hampshire. 

Application to forests in other regions requires 

changes in species parameters such as species growth rate 

and leaf \veight constants, maximum age, and maximum and 

minimum growing degree days. Changes in site variables such 

as temperature, precipitation, soil depth, texture and moisture 

capacity are also necessary. There is a program guide avail
c\llY\'\;n'j 

able for the speci fie purpose of adding new species and "'the 

simulation to other forest systems, simplifying the process 

of revision {1). 

Species parameter value~ere located through text

books of dendrology, silviculture and silvics (8 and 11). 

Grmvth and leaf \veight constants were calculated from 

research reports or silvical descriptions. New values for 

site variables such as mean monthly precipitation and 

temperature were obtained from regional weather records. 

The necessary climatic data, such as average growing degree 



days for each species range, was derived from species range 

maps and regional weather records (7). 

Thirteen species were chosen initially to represent 

Ohio forests. The species being used are walnut, white and 

red pine, tulip poplar, white and black oak, red andfugar 

maple, white ash, black cherry, hawthorn, red elm and shag

bark hickory. 

Using the aforementioned guide, the revisions were made 

and the program was ready for validation of its functional 

equations. 

III. VALIDl\TION TIXHNIQU:t:: 

Dr. James Brown, from the Ohio Agricultural Research 

and Development Center in Wooster, Ohio, has been conducting 

a study in two state forests, Mohican and Blue Rock, for 

connection between growth and soil conditions. He is study

ing thirty-year-old white pine plantations in both forests. 

While collecting data for his research, he also recorded 

the understorv species on three milacre plots around selected 

sample trees. Eac~ individual was categorized: less than 

3' tall, 3' tall to 4" d.b.h., ancl greater than 4" cl.b.h. 

l\lso recorded tvere soil depths at the sample tree and rock

iness of soil, which are necessary for the JABOWA program. 

An example of the field data sheet is shown in the Appendix, 

Figure A. Five sample trees were selected, for differ~nces 

in soil depths and rockiness, from two plantations on 
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Mohican State Forest. 

Using Dr. Brown's data on white pine plantations, several 

plots were "set up" representing various site characteristics. 

The initial tree size and spacing were specified to depict 

an actual plantation based on this data. 

The simulator's plot size is 32.8 feet by 32.8 feet 

(10 meter by 10 meter). The spacing for the white pine 

plantations were six by six and seven by seven feet. The 
f·,orc:. 

five simulator plots contained sixteen and twentyvtrees, 

according to the plantation spacing of six and seven feet. 

Since little is known about the initiation of the planta-

tion, except the date, an original diameter of 0.236 inches 

was assumed for the white pine. 

White pine monocultures were simulated by JABOWA and 

ingrowth patterns of hardwoods were recorded. Repeated 

runninos of the program led to general trends of understory 

species compositions. Output was obtained for each plot 

up to the age of the plantation, or thirty-eiaht years. 

IV. TEST RESULTS AND CONCLUSI0'4S 

I had hoped to show the validity of JABOWA in predicting 

understory ingrowth trends in a white pine plantation. I 

was interested in trends, rather than actual d.b.h. and basal 

area predictions1 as au initial step in testing of the model. 

After revisina the progran1 to a completely dtfferent forest 

area, Ohio, I felt that the first step to testing the pre-
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dictive values of the program should be in terms of trends of 

growth; i.e., does the simulated plot contain species also 

represented in the field plots? The next step would involve 

looking at valid predictions of d.b.h. and basal area of 

individuals. 

In the appendix, Figure B, is a list of species and 

their number in the computer output. Figures C, D, E and F 

are examples of the species represented in field plots 

versus the final output of the program at thirty-ci.ght years, 

the age of the particular plantation. Comparison will show 

that while the field plots contained mostly red maple,cherry, 

elm and white pine, the model plots contained, in general, 

black walnut, elm, white pine, and cherry. This discrep

ancy was maintained in each of the five plot conditions and 

in several program runs of each plot. Initial , nineteen 

year, and thirty-eight year composition are shown in the 

appendix. The program was consistent in what it predicted, 

but its trends were not consistent with field data trends. 

In reviewing the simulation prograr.', I have compiled 

a list of several factors which may be partially at fault 

for the contradictory trends. There are several site and 

species parameters for various relations which are part of 

the base data of the model. These required changing when 

the program was revised to Ohio concitions. As a first 

step, tho::; f actcrs should he tested and checkt'd. If low 

correlation is found, the parameters can be ~djusted and 
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the program tested again. lfthe trends are still inconsistent 

with real data, a next step may be to look at the functional 

equations within the program. Changes in the equation con-

stants or the fonn of the equations themselves may be nece-

ssary. 

As mentioned elsewhere in this paper, the light toler-
c (,\ ";)·.~-;, 

ance~are limited to tolerant or intolerant. This might pose 

a problem in that the trees used in the program are not 

readily aligned in two categories. As I suggested earlier, 

a system of three to five classes may be an improvement. 

Addition of such a system to JAEOWA would require work beyond 

the scope of this paper. 

Another source of error may be in the calculation of 

the annual amount of actual evapotranspiration (ET) . This 

nuiDber is calculated in the program and is a function of 

the following: average monthly precipitation and temperatures, 

potential evapotranspiration (also calculated in the program), 

depth and texture of the soil, and the fraction of precipi-

tation available for evapotranspiration. All of these 

parameters are possible sources of error. Average precipi-

tation and temperature are approximations from climatic 

charts. Depth an~ texture of the soil are in some cases 

approximations. The fraction of precipitation available for 

ET could well be in error, since little information was used 

for its determination. 

The value of annual amounts of actual r:rr is important 
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in the program as it is a limiting factor for ingrowth of 

species. Each species has a minimum ET (WMIN) required 

for regeneration and growth of trees. If WMIN for a species 

is below the actual ET value calculated, that species will 

not regenerate. Some revision work had already been done 

before I began my work. W~1IN was one of those values already 

revised. I am now considering the present values of WMIN 

as a source of error. As I am not aware of how these values 

were determined, I cannot check their validity. At this 

point, I have not found any data to help me do so. As a 

preliminary test, I changed values of this parameter, 

as follows, to observe any obvious changes in the simulation: 

Species Original WMIN Changed WMIN 

* * 
* red maple 300.0 220.0 mm/yr. * 
* * 
* shagbark * 
* hickory 250.0 240.0 * 
* * 
* black * 
* walnut 200.0 260.0 * 
* * * black oak 300.0 250.0 * 
* * 

The results can be seen in the appendix, Figures C.3, 

D.3, E.3, and F.3. Before changing the parameter WMIN, the 

program consistently "grew" elm, walnut, and white pine. 

By changing the values, red maple was introduced and black 

walnut '~'as unable to regenerate. The results compare more 

favorably with the field data. 



However, another problem came into mind at this point. 

The program differs from the "real world" in the following 

respect: it assumes that,given proper conditions, all species 

are available to regenerate on its site. In the white pine 

plantations, this point is probably not so. I felt justified 

in raising the tvMIN value of black walnut enough to keep it 

out, in this respect; there was no walnut in the field plots 

either because the moisture levels are too low or there is 

no seed source. However, once the black walnut was removed 

from the simulation picture, the ingrowth trends were much 

closer to those found in the field studies. 

\vork I have done on this model has given me greater 

insights into the development of a forest simulation. Data 

, on many aspects of vegetation-site-environment interactions 

such as minimum ET values, relationships between leaf weight 

and area and tree diameter, tolerance values seem to be lack

ing. Further research on my part may turn up more precise 

temperature and precipitation data than that which I am using. 

Access to adequate field data may be a step in determining 

relations such as those mentioned above. 

Though the results of my work have not materialized as 

I had hoped, I have gained great insights into the workings 

of this model. I have also formulated ideas concerning what 

approaches and data are needed to further improve the pre

dictive validity f~an Ohio forest ecosystem growth model. 
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FIGUHE B 

Species and Number as Used in ,JJ\BOWA Output Format 
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FIGURE D.l Field Plot 36 Understory 
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FIGURE E.l Field Plot 37 Understory 
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FIGURE F .1 Field Plot 39 Un:.:lersto:cy 
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