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Geographic Information Systems(GIS) Use in Forest Pest
Management | A Simulated Study on Mountain Pine
Beetle Infestation!
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ABSTRACT

Recent development of geographic information systems(GIS) provides a great deal of potential in
handling a variety of spatial data required by forest resource managers. This study is designed to identify
a possible GIS application in forest pest management. Several mountain pine beetle risk assessmert
parameters(stand characteristics, weather conditions, and topographic factor) were spatially analyzed
through computer map overlaying operations in order to estimate the hazard level of the pest damage. In
addition, the expected infestation route from an initially infected forest stand was located through further
mar analysis operations{distance measurement and connectivity analysis). Although current GIS technology
may have a few limitations in operational situations, the computer based GIS has been proven as an

invaluable tool to resource managers by providing flexible spatial data handing capabilities,
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INTRODUCTION

Damage caused by forest pests have been one cf
the most serious problems in forest management
Forest pest management deals with the detection
and the estimation of pest damages on forests,
the assessment of potential hazard for infection,
and the control of pest populations through
various techniques, These management practices
require spatial data which are usually stored on
maps. Typical types of spatial data needed for
forest pest management are the location and size
of areas of actual damage or potential pest risk,
the tcpographic features, and other resource data
{timber, water, recreation related to the effects
of forest pest damages.

Through proper maintenance and analysis of the
spatial resource data, forest managers are able to
assess the potential areas of pest hazard, to
locate the expected infestation route, and to
evaluate the impact of pest damage to other
resources, Conventional maps used for storage of
these spatial data are not effective for retrieving
multiple combinations of data, or more important-
ly, spatial analysis purposes.

Recent development of geographic informatior
systems (GIS) has a great deal of impact on forest
resource management practices, Forest manage-
ment involves multiple objectives for managing
diverse resources such as timber, water, wildlife,
and recreation. The spatial distributior; and the
condition of these resources is the primary
information required for effective forest manage-
ment, Whether successful management can be
accomplished depends on proper use and mainte
nance of information on these resources,

In general, GIS can be defined as a computer
based information processing technology to ana-
lyze, store, and display information on, primar-
ily, spatial data as well as non-spatial data
(Parker, 1988). With respect to the analytic
functicns of a GIS, the major application of GIS

in forestry is to support decision making processes

in a variety of management planning. On the
other hand, if storage and display functions are
emphasized, GIS can be considered as an
effective database management system to inven-
tory forest resource information on a spatial
basis. However, the two main functions{analysis
and inventory) should be associated properly in
order to achieve the optimal use of GIS in
forestry. Detailed technical concepts and back-
ground of GIS can be found from recent literature
(Berry, 1986 . Berry, 1987 . Burrough, 1986 .
Ripple, 1987).

The objective of this study is to identify the
potential applications of GIS in forest pest
management . Along with that, it is also intended
to evaluate the possible problems which may

occur when using a GIS in operational situations.

METHODS AND PROCEDURES

As a case study of GIS applications in forest
pest management, the mountain pine beetle
(Dendrotonus  ponderosae) was selected, The
mountain pine beetle is one of the most serious
pests in the extensive pine forests of western
Rocky

Mountains to Northern Mexico, It has one

North  America from the Canadian
generation per year in most parts of its range and
spends all of its life cycle beneath the bark,
except during midsummer when adults fly and
attack new trees. The main host trees for this
insect are lodgepole pine(Pinus contorta), ponder-
osa pine{Pinus ponderosa), western white pine
(Pinus moniicola), and sugar pine(Pinus lamber-

tiana) (Sartwell and Stevens, 1975).

Planning

The initial step of this study is concerned with
the assessment of potential hazard of mountain
pine beetle damage based on the habitat and the
population dynamics of the insect. The hazard
can be defined as the probability of an insect
outbreak occurring in a particular stand or forest

under a given set of conditions(Berryman, 1986).
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Table 1. Variables associated with the hazard of
mountain pine beetle.

Factor Variables High risk  References
Stand proportion of high % pine Schenk et al.
host trees {1980"
density high
diameter large Amman ef al.
(1977)
age old Sartwell and
Stevens(1975)
Topogr- elevation low Amman et al.
aphy (1977}

hot summer Safranyik
el al (1974)

Amman et al.
(1977)

Wezther temperature

precipitation fow

There are three major factors which can influence
the hazard of mountain pine beetle damage :
stand factors, topographic factors, and weather
conditions. Table 1 shows the variables associated
with the hazard of mountain pine beetle damage.
Once the level of hazard for mountain pine
beetle infection on every location is obtained, the
next approach is to predict the spread direction
from an initially infected stand. The infestation
route will be determined based on the hazard
index of each stand, which is derived from the

first analysis.

Study Area and Data Utilized
The San Juan Mountain area, located in

southern Colorado, covers about 831 square
kilometers, The data availability and detailed
land cover information from a previous remote
sensing study (Hoffer et a/., 1979) were the basis
for the selection of this study area. The study
area is characterized by a diverse and complex
mixture of land forms and vegetation types.
Elevation within the area ranges from approxi-
mately 1, 800 meters to 4,300 meters. The climate
in this area is typical of the Colorado Rockies,
with very low relative humidity, abundant sun-
shine, cool summers and heavy winter snow.
Temperature and precipitation varies with eleva-
tion.

In the GIS process, the first step is to encode

spatial data into computer readable digital map

format. For this study, two different approaches
were used to create the digital base maps.
Scanner (MSS)  data

obtained on June 5, 1973, were used to derive the

Landsat  Multispectral
forest cover-type map, which would eventually
provide the information on the proportion of host
species(pines) for mountain pine beetle, Computer
~aided classification, using a supervised maximum
likelihood algorithm, of the Landsat MSS data
resulted in a land cover map which included
information on five different forest cover types.
The other spatial data(stand age and density,
weather, and elevation) were manually digitized
and then registered together with the same
coordinates of the map base. Figure 1 displays
the simplified 3-dimensional view of digital
elevation data over the study area. Each grid on
the surface represents the area of about 10 ha.
Data which were not available on conventional
maps were converted into map format using
existing tabular information and some hypothesis.
Table 2 lists the digital base maps generated for
the spatial map analysis of mountain pine beetle

hazard and infestation models.

Spatial Map Analysis
The first model (Hazard Index Model),

to estimate the potential hazard of mountain pine

which is

beetle damage, requires simple map overlaying
operations (Figure 2) . The spatial distribution and
the condition of the parameters which affect the
habitat and population dynamics of mountain pine

beetle is available on the nine base maps listed in

Figure 1. 3-D view of the study area.
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Table 2. Digital base maps for spatial analysis.

Table 3. Index for strata from each reclassified

Factor Map Name Data base map.
Stand FOR-TYPE forest cover types Map Name Strata Index
AGE forest stand age FOR-TYPE Ponderosa Pine 9
DENSITY forest stand density Pine/Fir 6
Topography ELEVATION 1, 800m-4, 300m Pine/Deciduous 5
ASPECT 0-36°C from north Fir/Spruce 2
Weather AVGPRECP av.erage annual precipit— . Oak/Aspen 1
ation{1951-1980) AGE 81 years- 5
73PRECP 1973 annual precipitation 61-80 years 4
AVGTEMP average summer temper 41-60 years 3
ature (1951-1980) 21-40 vyears 2
1973 summer tempera- 1-20 years 1
73TEMP ture {June-August) DENSITY high 3
medium 2
low 1
@— ELEVATION 1, 801-2, 300 meters 5
— 2,301-2, 700 meters 4
I AGE | ?ﬁf}g}? 1 2,701-3, 200 meters 3
3,201-3, 700 meters 2
3,701-4, 300 meters 1
ASPECT south 4
I AVGPRECP I' LESS west 3
EPR:ECP 'l PRECP east 2
- WEATHER L XAEA%D AVGPRECP norfh :
INDEX . 200~ 449 mm 6
AVGTEMPI- pp— INDEX & 73PRECP 450- 599 mm 5
I SUMMER 600- 749 mm 4
I 73TEMP I’ 750- 899 mm 3
900-1019 mm 2
ELEVATION] 1 mm-
TOPO ] AVGTEMP 3(1]2c0 zla
INDEX
ASPECT & 73TEMP 29-30C 7
27-28C 6
Figure 2. Hazard Index Model .| map overlaying 25-26C 5
operations to assess potential mountain 23-24C 4
pine beetle hazard, 21-22C 3
18-20°C 2
15-17°C 1

Table 1.

the nine base maps was reclassified so that area

Before overlaying operations, each cof

of high infection risk would be represented by
higher index(Table 3). Assumptions used in the
reclassifying operations were based on the previ-
ous studies on mountain pine beetle. However,
the criteria for stratifying and indexing of the
base maps may not be ecologically appropriate in
some cases. Since the major objective of this
study is to identify the capacity of GIS in
handling numerous spatial data for a certain
forest resource management purpose, it is desir-
able to consider more about the overall spatial
analysis procedures.

Stand factors include three major parameters

proportion of host species on a stand, stand age,
and stand density. The FOR-TYPE map obtained
from Landsat MSS classification includes five
different forest cover types. It was assumed that
each forest type has different proportions of pine
trees. For example, 90% of the trees in
ponderosa pine stand are pines, 60% of trees in
the mixed pine and fir stand are pines, and so
on. After non-forest classes were eliminated, each
forest type class was renumbered according to the
proportion of pine trees in its class. The AGE
was reclassified into five forest stand age groups

in which the older stand has higher index. Stand
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density data on the DENSITY map were divided
into three density classes. These three reclassified
maps were then overlaid in order to generate a
map(STAND INDEX) which characterizes the
stand factor for mountain pine beetle risk.
Assuming that stand density is more critical
variable to affect the mountain pine beetle
infec:ion, the reclassified DENSITY map was
giver, higher weighting factor, 2, as compared to
the other two maps. On the overlaying resulted in
STAND INDEX map, the highest value (9+5+2X

3=920) represents the stand condition of the
highest risk for mountain pine beetle damage,
which refers to the highest percentage of pine
trees, the oldest stand age, and the most dense
stand .

Since mountain pine beetle infection is most
likely to occur with less precipitation and hot
summer temperature, the weather factor was also
considered. In order to locate the areas of less
precipitation and higher summer temperature in

1973 as compared to the normal climate, average

¥
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Figure 3. Mountain Pine Beetle HAZARD INDEX map.
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annual precipitation and average summer tempera-
ture based on the thirty years of records from
1951 through 1980 were overlaid with the 1973
weather maps. The resulting map(WEATHER
INDEX) indicates the relative weather conditions
for the pest occurrence.

The study area has a wide range of elevation
which has great impact on the pest habitat, The
entire elevation range was divided into five
classes. The lower elevation class has the higher
index value which indicates the higher hazard of
mountain pine beetle, Because aspect is also
associated with the temperature variations, a
different value was assigned to each aspect.
Overlaying the elevation and the aspect data
resulted in a map which indicate the topographic
favor of mountain pine beetle (TOPO [INDEX) .

Combining the three maps of major factors
{stand, weather, topography) was done by usingz
the same map overlaying operations described
above. Since the stand factor is considered the
most important for mountain pine beetle infection,
it was assigned a larger weighting factor compar-
ed to the other two. To simplify the results of
overlaying the three maps, the outcome values
were normalized into values zero to eight, where
the value eight indicates the highest hazard index
for mountain pine beetle infection(MPB HAZARD
INDEX, Figure 3).

The second model (Infestation Model) is associat-
ed with the pest spread direction and distances
from- an initially infected forest stand(Figure 4).
The spread will be determined by different hazard
index values derived from the previous analysis.
Distance measurement operations were used to
create a map which indicates relative proximity to
the initially infected stand. The hazard index
values on the MPB HAZARD INDEX map were
renumbered as friction values which could modify
the proximity, In order to observe the expected
spread route, another hypothesis was added,
Suppose that there is a seed-tree stand which has
genetically superior inheritance and therefore,
must be protected from the pest infestation for

further genetics research., The contagion route

M.P.B.
HAZARD
INDEX

l
Renumber

FRICTION

Distance measurement

PROXIMITY

Ist INFECTED

Connectivity analysis

STAND

INFESTATION
ROUTE

SEED-TREE

Figure 4. Infestation Model . map analysis to
locate expected infestation route.

from the initially infected stand to the seed-tree
stand could be identified through a connectivity
operation (INFESTATION ROUTE, Figure 5).

RESULTS AND DISCUSSION

The MPB HAZARD INDEX map,

from the first model,

resulting
actually involves seven
different data sets of risk assessment parameters :
proportions of host trees, stand age, stand
density, drought, summer temperature, elevation,
and aspect. Every location on this map has a
hazard index value which summarizes the seven
Without

overlaying using GIS, this

risk assessment parameters. spatial

analysis of map
operation may be impossible, or even if it is
possible, it would be a very cumbersome and time
-consuming task. For example, higher hazard
index values were found on the area of high risk
parameters such as high pine percentage stands,
old and dense stands, low elevation, south-faced
slopes, low precipitation and high temperature. It
seems very obvious to have higher hazard index
values over the areas of high risk parameters.
However, retrieving and generalizing of these high
risk parameters from several sources can not be
effectively done without computer-assisted GIS
processing .

As briefly mentioned earlier, the stratification
and indexing of the mountain pine beetle hazard

factors might not have solid backgrounds in some
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Figure 5. Expected INFESTATION ROUTE map.

cases, In fact, the criteria for such stratification

and indexing of each hazard variable would
heavily depend on the regional environments and
the pest manager’s experiences. The flexibility of
reassigning index values and weighting factors at
any stages of overlaying process is another key
advantage of GIS in decision making procedure,
Distance measurement and connectivity opera-
tions in the second model produce one of the most
important maps in controlling forest pest spread.
reliable prediction of potential

Accurate and

infestation route should be the first approach to
prevent the devastation by pest attacks. In this
study, the contagion route was located only under
the given target point, the seed-tree stand.
Howevér, the most likely contagion route can be
located for every possible direction even withcut a
target point for more flexible operations.

Even though the resulting maps produced from

these map analysis operations may not be
employed as absolute indicators of mountain pine
beetle hazard, this approach would provide
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invaluable information to forest pest managers for
proper pest management planning and practice.
However, there are a few limitations and
problems in applying these techniques to opera-
tional situations. First, the data needed for this
kind of analysis is not always available. For
example, the spatial information of forest stand
and weather have a great deal of temporal
variabilities and updating this information can be
a serious obstacle. Various space remote sensing
datz may be a proper solution for the problem of
datz updating. The second limitation is related to
the lack of integration with other resource
information on the same area. Forest pests can
cause serious impacts on several resources, such
as timber, water, wildlife, and recreation. GIS in
forest pest management should be able to inte-
grate the other resources to analyze the impacts
of forest pest damage. Finally, forest damages
are usually caused by more than one insect or
disease. Complications resulting from multiple
forest insects/diseases requires more complex data
and analysis operations in addition to currently

available GIS functions.

CONCLUSIONS

Forest pest management has been dealing with
significant amounts of spatial data. This study
was designed to demonstrate the potential applica-
tions of GIS technology in forest pest manage-
ment. Potential hazard of mountain pine beetle
damage and expected spread patterns could be
assessed effectively by using simple map overlzy-
ing and distance measurement operations. Con-
sidering the time and the effectiveness of analyz-
ing all spatial data required by forest pest
managers, GIS has a great potential to improve
data management and analysis for forest pest
management, However, a fully operational use of
GIS should be made with consideration of data
encoding, integration with other resource informa-
tion, and functional capacity for a specific site

conditions.
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