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ON THE UTILITY OF A GEOGRAFHIC INFORMATION SYSTEM IN MODELLING
CLIMATIC SUITABILITY

Bartlett C. Hagemeyer
National Weather Sexvice Office
Colurbia, Missouri

ABSTRACT. A long-term climatological data base for the
eastern United States was developed as input into a Geo—
graphical Information System (GIS) to test its ability to
determine the most suitable climate for man existence
using a simple, gemeric, cartographic model which considered
physioclogical and psychological factors as well as climatic
hazards and cost. Results indicate the model is cbjective
and sensitive to variations in climatic variables. FPortions
of Scuth Carolina and Texas were found to be most suitable,
but the model was not biased toward southern states in
general. Mountainous areas and large bodies of water showed
a distinct influence on the climatic ratings.

1. Introduction

The goal of this project was to attempt to define and locate the most
suitable climete for human existence in the eastern half of the United States
using a Geographical Informaticon System (GIS). Briefly, a GIS is a set of
software/hardware "tools" for cdllecting, storing, retrieving, transferring, and
displaying spatial data from the real world to assist in a particular decision
making process (Burrough, 1985). A schematic of a GIS is shown in Figure 1.
Locating the most suitable climete implies that first a method of rating climte
must be developed. This was accamplished using a ¢limatological data base ard a
simple cartographic model.

Subjective ¢limate ratings of major American cities abound (for example
Boyer and Savageau, 1985), and the popular consensus is that residents of the
western and southerm cities enjoy the best climate. A GIS offers the ability to
develop an cbjective climate rating with continuous coverage over a large area.
The eastern half of the United States, which contains great geological, geo—
graphical, and climatological diversity will be used to test the ability of a
GIS to respord to obvious as well as subtle changes in erwirormental variables.

2. Backgrourd

If a survey were given to a group of people cn what they considered to be
the ideal climate, a wide variety of responses would likely be returned. Aside
fram a rigorous treatment of the heat budget of the human body under controlled
corditions (where a balance must exist between metabolic heat production and
heat gmined or lost by corwvection, comduction, radiation, and evaporation) the
varicus effects of climate on humans can't be explicitly guantified. Climate
affects human physiology as well as psychology (the two are interrelated), and
the mitigation of detrimental climatic affects must exact a cost.
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The ideal climate model discussed here is an attempt to develop a sinple
universal model that does not consider human preference for any particular
climatic factor. The model also does mot consider extermal factors such as
esthetic value, economy, food supply or recreation. It does, however, consider
four general categories of climatic variasbles affecting Inman existence. These
categories include: physiological, psychological, hazards, ard cost. Clearly,
these climatclogical variables are interrelated in varying degrees.

Physiologically, by considering the heat budget of the human body one can
make the covious assumption that the least stressful c¢limate is cne that does
not contain extremes of heat or cold, or have extreme seasonal ranges of temper-
ature, Of course, wind and relative Inmidity can either mitigate or increase
stress due to extreme temperatures.

Psychological effects of climate are documented in a qualitative sense in
virtually all modern texts on climatology ard biometeorclogy (see, for example,
Roserberg et al., 1983 and Critchfield, 1983). In this sense, variables such as
claudiness, storminess, ard sunshine are important., Psychological affects can
range from severe depression through boredam to elation. These factors are
nearly impossible to quantify, but variables that are related to them can be
ranked from best to worst.

Climatic hazards are dbviocusly critical in determining ideal climate.
Hazards such as tornadces, thunderstorms and lightning, hurricanes, ard winter
storms, can result either physiclogically or psychologically in determining
climatic stress. Earthquake hazards have also been included here on an experi-
mental basis. While clearly mot a climatic variable, it is an envirormental
variable that is of concern and can be ranked. Certainly, same geographic areas
are statistically more prone to climatic dangers than others. Human perception
of danger may not agree with statistics, and it is in this area that cartograph—
ic modelling can produce the most objective results.

In addition to the effects on the huwan body, climate must alsoc have cer-
tain extermal effects that can best be described as cost effects. In this
respect, the amount of heating, cooling, and protection fram the elements that
is needed to maintain human canfort is important. The cost can be monetary in
the sense that one must build energy efficient shelters (passive solar, for
exanple) and heat and cocdl them, modify existing shelters to conserve energy, or
simply pay high utility bills. One could also attempt to build hazard-proof
shelter, The cost can also be in physical expenditure, or lack therecf, in the
sense that one mist adjust ones heat balance in order to remain healthy in the
absernce of proper shelter. Note that the model presented here does not consider
cost of utilities, vwhich can vary greatly fram area to area.

The universal model of the most suitable climate developed here attempts to
incorporate the four categories mentioned above. A data base of long term
averages of relevant climatic variables is utilized to develop the results. The
source of most of the data was isoline meps of climatological variables con-
tained in Climetes of the United Stateg (Baldwin, 1973). The intervals on the
individual maps can be ranked fram best to worst, imput into a GIS, and modelled
to rank climate suitability (McHarg, 1969).
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3. GIS Methodology

The Professiomal Map Analysis Package (PMAP), a raster (or cell) based
system, produced by Spatial Information System, Inc. (copyright 1985), was the
GIS software used in this project. The climatclogical data base was developed
fram 16 isoline maps of relevant variables. Figure 2 shows the base map used
ard the project area. It is a grid of 41 rows and 40 colums canprising 1,640
grid cells 32.2 miles to a side. The left margin of the grid corresponds to the
100° longitude line south from the Canadian border for 1,320 miles. The study
area covered roughly 1.7 million square miles, of which same 17.5 percent con-
sisted of large bodies of water. For a study area of this size the 32.2 mile
resolution was considered to be adequate.

Geccoding, or data input, was accomplished by laying a clear plastic over-
lay of the 40 x 41 grid over a source map, ard lining up the left margin as
mentioned above. The source maps were already contoured and labelled by ranges.
Access to the original data was not possible. Values from best to worst were
assigned to the intervals on each source mep with one being the least suitable
for human existence, and higher mumbers being more suitable. The data was thus
already classified and was, in effect, renumbered upcn input. A value for each
grid cell was then imput into PMAP. Each mep was assigned a unique name relat-
ing to the data it contained. Table 1 gives the 16 original map titles, their
source, and their assigned names.

Figure 3 shows a scheamatic of how the model determined the most suitable
climate using the 16 source maps. No attempt was made to weight the 16 scurce
maps, or ensure the range of values were equal on each map. The values ard the
results of manipulations of values were basically defined by the comstraints of
the criginal data analysis and the cbjective manipulation by the model.

Figure 4 shows the raw model output. Climate ratings range fram crie
(worst) to 13 (best). Figure 5 is a amoothed contour analysis of the final
ratings transferred to the geographic base mep. Ratings greater than ten are
hatched and ratings less than two are shaded.

Fiqure 6 shows the grid cell values for the northwest sector of the grid.
The largest contiguous area of lowest ratings on the whole grid is fourd in an
organized pattern along an axis fram near Fargo, North Dakota to near
Minneapolis, thmugh the Chicago area into northern Indiana. Ratings range from
one to seven in this sector. The mid-Missouri Valley (Lincoln, Nebraska area)
received the highest rating in this sector.

Further east in the northeast sector of the grid (Figure 7), the lowest
ratings are concentrated in northern Indiana and western Michigan. The cther
area of lowest rating is along the west slopes of the Appalachians. Note the
sharp rating gradient across the mountains. A small area of rating eight to ten
is located southeast of Washington, D.C. Ratings ranged fram one to ten in this
sector,

The soutlwest section of the grid (Figure 8) received ratings ranging from
four to 13. One of the two highest rated cells is located nortlwest of San
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TARLE 1

Sixteen data source maps, with sources, and

names used in the model.

Mean annual nusber of days minisus temperaturs 3Z'F and below
Mean annual nuaber of days saxioua tesperature 9'F and above
Mean annual temperature range (waramest - coldest month)

Mean annual t-utal heating degree days {Base 65°F)

Mean annual total cooling degree days (Base 65°F)

Mean annual numsber of days with B.81 inches or more of precipitatian
Mean annual total snowfall

Mean annual number of days with I inch or more snowfall

Mean annual nusber of days with thunderstorns

Yean daily relative humidity (X) July

Mean percentage of possible sunshine, annual

Mean daily solar radiation (langleys), annual

Mean daily sky cover, sunrise to sunset {in tenths), annual
Earthguake hazard zones

Hurricane risk areas

Average annual tornado incidence per 19,009 square ailes

Baldwin

NOAA

BELOWS2
{vered
RANGE
HEATING
CODLING
PRECIPDAYS
SNDWFALL
ENONS
THUNDERSTORM
HMIDITY
SUNSHINE
SILAR
CLOUDCOVER
EARTHRUAKE
HURRICANE

TORMADD
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Fig. 3. Model schematic with operations indicated to combine all the data into
one final rating map.
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Fig. 4. Fi?nal raw model output. Rankings range fram one to 13.
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Fig. 5. Smoothed contour analysis of final climate ratings at two unit intervals.
Areas greater than ten are hatched and areas less than two are shaded.
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Grid cell values of the northwest quarter of the grid.

Fig. 6.
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Antonio, Texas, but note the large area of highly rated climate over the four-
state area where the Chio and Mississippl Rivers join. There is a general trerd
of higher rated climate running soutlwest to northeast fram central Texas to
western Kentucky. There is evidence that the model is not biased toward south-
emm latitudes since Houston and New Orleans are rating lower than St, Louis and
many other areas of the Midwest., The response of the mxdel is swrprisingly
detailed. Note that ratings range fram four along the Iowa-Missouri border to
near ten in the Bootheel, and there appears to be a distinct climatic transition
zone.

The scutheast sector of the grid (Figure 9) clearly has the highest rating,
but the distribution of the ratings is interesting, if not controversial. The
ratings range fram two to 13, the largest range of any sector. The lowest
ratings are found along the Gulf Coast fram arcund Mobile, Alabama to just north
of Tampa, Florida {(note the three "3" rated cells just north of Tampa Bay), amd
along the southemn end of the Appalachians. The highest rated climates are
fourd in a large contiguous area that covers nearly all of eastern Georgia,
South Carolina, and parts of North Carolina. The second of the two highest
rated cells is fourd just soutlwest of Charleston, South Carolina, while the
seocord highest rated climate is fourd near Asheville, North Carolina. Note the
sharp gradient from rating five to 12 on the east slope of the mountains.

4, Conclusion

Clearly, the model indicates that South Carolina, eastern Georgia, and
rarts of North Carolina enjoy the climate most suitable for human existence in
the eastern half of the United States. The area averaged rating for the entire
state of South Carolina was ten of a possible 13, A smaller area of most suit-
able climates was found in central Texas at the extreme socutilwest corner of the
grid. The surprise was the third largest area of highly rated climate centered
arourd the confluence of the Ohio and Mississippi Rivers.

Based on the results the model appears to be dbjective and sensitive to
variations in climatic variables. The fact that much of the Gulf Coast was
rated as low, or lower, than the upper Midwest indicates that the model does niot
contain a bias for scuthern states in general. Mountainous areas and large
bodies of water showed a distinct influence on climate. It should be noted that
due to the mature of the data, one can't say that a ten rating is twice as good
as a five. Mathematical manipulation is not possible on the final ratings, and
the final ratings are sinply relative to each other. 2Additiomally, two equal
five ratings could be based on entirely different circunstances,

It would be easy to argue for or against the final ratings based on per-
sonal preference. One could weight the input variables differently to find
areas that are better suited to the individual and construct a perscnalized
model, for example, multiplying the tomado map by 100 could result in new
climate ratings with the areas of high tornado incidence excluded from consider-
ation. However, it must be stressed that the suitability ratings are based on
long term averages, thus the fact that a lesser probability of occurrence of
scare phenomena exists for certain areas does not preclude the occurrence of the
phenameria in those areas. This is especially true when considering climatic
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hazards., One should not move to South Carclina expecting to avoid all hardships
imposed by the erwiromment. A major tormado cutbreak occurred there as recently
as March 1984 (Whitten, 1984).

The model could be more cbjective, and thus comwincing, if the relation-
ships between climatic variables and suitability were more explicit and quanti-
tative, but this is a research problem unto itself. A rigorous model should be
based on an iscline analysis of the latest point data of long texm climatologi-
cal normals. When building a model such as this, one must remenber that the
camuter processed ocutput is only as cbjective and valid as the original input.
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