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{ A comprehensive assessment of the physical emviromment and operational
hardships of the combat soldier operating in the wet-tropics is of vital
concern to the U.S. Army. This report descrides the emvironmental factors
involved in the first of a series of investigations planned by Pioneering
Research Division, NIABS, on the human factors aspect of the soldier oper-
ating in the wet tropics. Specific objectives were to devermine use and
compatibility of equipment, the nature of the tasks performed by the soli-
ier in the field in the execution of assigned missions, and to descridbc

the physical and operational environment in which these assigned miss.ons
were performed.

i
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It is well known that knowledge of the enviromment is essentisl o

2 successful military operstions. The best preparation in advance plenn ug

4 is required to solve problems created by a number of variables such .z

: the commander, the proper time to accomplish the mission, the nece::i.cv
motivation, the correct sige of the unit, the best physical conditiu.in.
of the men, the proper skills, the correct tactics, the lightest ' s»
and the right food, clothing, and equipment. Evem with all of iiv . [ n
tors takem care of, it is necessary that the best route be sele::: -
followed according to a fixed timetable. This will depemd om tc:= -, »»

1 of environment, namely the terrain, soil, vegetation, and weat:. - -
is tions iikely to be encountered. For these reasons this study ¢ = : - 1!

matic and physical characteristics of some of the field exereiu:c: ' 3.
5 taken at Fort Sherman, Canal Zone, has been made.
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The purpose of this study wvas to determine which environmental
factors influence the performance (especially mobility rate) of the
Quartermaster-equipped soldier in the tropics. The method was for an
environmental cbserver to accompany troops on three types of operational
exercises (reconnaissance and combat patrols and raid exercises) during
both wet and dry seasons at Fort Sherman, Canal Zone.

Data were recorded shoving: weather, movement, terrain, surface
conditions and vegetation at regular intervals. Tables are presented
summarizing climatic conditions, terrain and mobility rates. Maps and
route profiles shov vegetation types and surface geology.

The results of the reconnaissance and combat patrols are nct such
that they could be generalized on or explained by the enviromment. How-
ever, in the raid operations significant differences were found between
the data for the two seasons. The slower mobility rate of the wet season
is attributed to: (1) the prevalence of mud (the greatest hindrance to
movement ), (2) the debilitating effects of high humidity (the most signif-
icant envirommental factor affecting comfort) and (3) a lower visibility
than in the dry season. Other factors, significant in both seasons are:
frequency of obstacles (streams, gullies and deadfalls), and dense stands
of vegetation.




SOME ENVIRONMENTAL ASPECTS OF THE HUMAN FACTORS TROPICAL FIELD STUDIES

1. The problem: purpose and scope

The problem was to develop techniques and methodology for measuring
activity and performance capabilities of the Quartermaster-equipped sol-
dier and apply these to military operations in tropical environments.
One important purpose was to determine vhich environmentel factors, such
as climate, terrain, vegetation, or soil types, influence performance in
the tropics by affecting, for example, mobility rates. Finding and
determining the specific factors that are significant and the degree o?
their significance is most important in giving future guidance to tropi-
cal research efforts.

First, a literature survey was made, followed by a reconnaissance
survey of some tropical and semi-tropical areas under the jurisdiction
of the United States or friendly ally. Based on these surveys, Fort
Sherman Military Reservation in the Canal Zone was selected as having
the largest number of the required envirommental characteristics to be
investigated. In addition, there were available for observation U.S.
soldiers performing in representative tactical and operational exercises
in the environmental conditions desired.

2. Techniques and methods

The first step in developing techniques and methodology for record-
ing activity and environmental characteristics was to list and assign
working definitions to terms used and for vhich data were to be gathered.
The second step required was to select realistic tactical and operational
exercises. A necessary criterion was that each would be representative
of simulated combat conditions and yet be observable without interfering
with the tactical play itself. Other factors considered were that the
exercises be repeatable and that the exercises offer a wide range of
tropical environments. Taking into consideration all of the above con-
ditions, the following three types of tactical and operational exercises
were selected to be observed: reconnaissance patrol, combat patrol, and
reid:

The reconnaissance patrol is a patrol action that departs from a
friendly base avoiding contact with the enemy, observes the enemy's
position or installation, and returns to a friendly base with certair
military information.

The combat patro). varies from the reconnaissance patrol in that it
destroys the enemy's position or installation, then rendezvous at a pre-
viously arranged point.




The raid is very similar to the combat patrol; the difference is
that a larger group of men is involved, and it is longer and iore exten-
sive in scope.

The environmental observer positioned himself in the center of the
squad of men wvhen it was moving in columm, in order to interfere as
little as possible with the tactical play. Om those occarions when
for any reason it was necessary for members cf the squad element to sep-
arate, the observer followed t“e maneuvering element.

The data collected by both the environmental observer and the human
engineer observers were recorded on a tropicalized wire recorder strapped
to the observer's chest with an attached tie clip microphone. In additiom,
each observer wore a synchronized water-proof wrist watch for recording
time of collecting all data. For ready reference, the various categories
of environmental criteria to be collected were placed on a water-proof
laminated card attached to a cord about the observer's neck. Upon com-
pletion of the exercise, the collected data were tabulated or transferred
to IBM cards for machine processing.

Using an aspirated psychrometer during the wet season exercises
(August) and a sling psychrometer during the dry season exercises (January)
climatic observations were taken every hour on the hour or when there wvas
a significant change, such as rain or darkness, recording thec time of
change. An example of a recording by the environmental observer was:
"0900, dry bulb 82°F, wet buld 78°F, walking level, muidy, sticky, water-
covered, scattered, vine covered, thorny, and light."” Thus the following
were recorded: tii, weather, movement, terrain, surface conditions, and
vegetation.

From the data collected an estimate of mobility rate for each exer-
cise vas made. It is presented in Table I. These rates were calculated
on two bases:

a. Map distance -
Tine 10 mOVememt Mobility rate

b. Map distance

¥lotal time of exercise = |'orage speed enroute

The map distance of the route followed was used in each case as en
estimate of the actual distance traversed.

* Excluding bivouac and temporary encampment time, but including time
spent in rest halts and contact with enemy forces.
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3. Fort Sherman area

From a climatic and geographical viewpoint, Fort Sherman Military
Reservation is the most favorable tropical areea for training and testing
under the jurisdiction of the United States (Fig. 1). It encompacses
mjor hmid-tropic climatic, terrain, vegetation, and soil texire types,
and includes natural wildlife hazards and provides the envirorwsitcal
stresses necessary to induce physiological stresses in the troops train-
ing there.

The climate is predominantly tropical marine, with no large variations
in temperature. The average annual precipitation is about 130 inches,
most of which falls during the rainy season from May through December.
The mean relative humidity is high, usually asbout §0 parcent. The north-
east trade winds blow steadily during much of the year, but like all
forested areas, there is little wind, 3 mph or less, within the rain
forest.

The terrain varies from flat, low-lying swamplands to low hills with
elevations up to T15 feet. The hills have rounded tops, steep slopes,
and narrow valleys. Alluvial plains constitute the remaining portiom of
Fort Sherman. The coast is characterized by coral formations and a
series of low, steep cliffs, interspersed with sandy beaches. Tropical
mountainous terrain, desired for training and testing, is lacking; how-
ever, the cliffs along part of the Rio Chagres are precipitous and are
used in training.

Dense stands of vegetation are a dominant feature o2 the hmid tropic
environment. At Fort Sherman vegetation falls into two major categories:
upland and lowland types.

Based primarily on the total amount and seasonality of rainfall,
there are three naturel upland types: rain forest, tropical deciduous
forest, and savanna grassland. Because man has cut and burned areas
within each of these three vegetation types, secondary growth has occurred
in each. These upland vegetation types cover 84.6 percent of the Fort
Sherman area. In size, this is 28,595 acres or iL.T square miles. Rain
forest is the most common of the three types, covering 35.3 percent of
the total area of Fort Sherman.

Five specialized vegetation types are found on the flat alluvial
lowlands of Fort Sherman. They are: cativo, coastal thicket, mangrove,
m.nicaria, and raffia palm swamp. Also, secondary growth is found for
many of these natural types. These lowland vegetation types cover only
15.4 percent of the Fort Sherman area. In size, this is 5,187 acres or
8.2 square milzs. Cativo, tbe most extensive,is the tallest of the low-
land vegetation types. It covers 5.1 percent of the total area of Fort




Sherman. The specialization of lowland vegetation is besed primarily on
type of drainage or salinity of the water. Most of the types do not
occupy clear-cut areas, but tend to merge gradually from one type to
another.

The mjor soil textural types i.e., rock, gravel, sand, silt, clay,
and mck, are found at Fort Sherman in sufficient amounts for training
and testing purposes.

Fort Sherman is also very rich in many forms of wildlife, including
s variety of amphibians, reptiles, mammals, and insects. The reptiles
include poisonous snakes, such as bushmaster, fer-de-lance, and coral
snake; the mammals include the puma, ocelot, jaquarondi, and many types
of monkeys; the insects include the anopheles mosquito, fleas, ticks
bugs, and flies. .

k., Data from reconnaissance patrols

The reconnaissance patrol took place in a hilly rain-forested area
of Fort Sherman (Figs. 1, 2, and 3). It was essentially a patrol action
that departed from Pavon tower and scouted the road junction S-8 (Chagres
Road) and S-8F Road and returned. The total distance was approximately
4,250 meters (2.64 miles) round-trip if a direct route were foliowed.
Environmental data (climate, terrain and mobility rates) were gathered
for one patrol the wet season and for two patrols during the dry
season (Tables I-III).

The wet season patrcl took a direct compass course to and from the
objective, deviating only to circumvent difficult obstacles. In this way
their route was the shortest. Their total distance covered was 4,550
meters (2.83 miles) or only 300 meters more than the straight-line dis-
tance. Most of the time (93.4%) was traveled in the rair forest and the
rest (6.6%) in rain forest secondary growth. A total of 136 direction
changes were made because of the frequemnt obstacles encountered, such as
deadfalls, small streams, and gullies (Table I). These obstacles were a
very significant factor in slowing down the mobility rate of this partic-
ular patrol. Also, 28.6% of the terrain covered required the use of hand
holds because of the steep and slippery ground surface (Table III). This
slippery condition was the result of the early morning rains softening the
thin vegetative covered clay soil of the rain forest prior to the mission
(Table II). Presumsbly, these environmental factors, along with the high
humidity with high temperatures, had a debilitating effect on the men.
The resulting mobility rate was only 996 meters per hour (0.63 mph).

The two dry-season patrols, on the other hand, appeared to have con-
sidered the terrain and vegetation in planning their routes to and from
the objective.
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F season patrol f1 selected the longest route, 6,150 meters (3.8
miles) or 1,900 meters more than the straight-line distance. A total of
59 direction changes were made (Table I). The terrain covered was largely
made up of slope conditions, 37.8% being uphill slope for the men and
38.7% being downhill slope (Table ITI). Only 23.5% of the terrain vas
level and 4.3% was 80 steep that handholds had to be used. The vegeta-
tion was of the "scattered” category more than 98% of the time. Only four
obstacles wvere encountered: one desdfall, and three streams (Fig. 3).
Thus, in summary, reconnaissance dry season patrol #1 spent most of the
time in passing through scattered vegetation on sicping terrain encounter-
ing a deadfall and crossing an occasional small stream. Their total
elapsed time was the longest of the three reconnaissance exercises exam-
ined, and their mobility rate was 1,013 meters per hour (0.63 mph).

season petrol planned and took the best route by most geo-
graphic standards. Their total distance wvas 5,675 meters (1.07 miles)
or 1,425 meters more than the straight-line distance, and their total
elapsed time from base camp was shortest, 6 hours and 53 minutes (Table
I). They made a toial of 22 halts totaling 3 hours and 50 minutes or
44 ,5% of the time. This would indicate that they rested oftem but moved
rapidly when conditions permitted. They made a total of 57 direction
changes. The terrain covered was 50.6% level, 32.3% uphill slope, 17.i%
downhill slope; nevertheless, handholds were required 23.2% of the time
uphill and 8.9% of the time downhill (Table III). The vegetation was
of the "scattered" category 100% of the time. Only five obstacles were
encountered: one deadfall and four streams. In zummry, dry season
patrol #2 spent most of the time in paseing through scattered vegetation
on léevel terrain and obstacles that required little time to overcome
(Fig. 3). Their total elapsed time was the shortest of the three recon-
naissance exercises examined, and their mobility rate was 1,861 meters
per hour (1.16 mph) by far the fastest of the three (Table I).

To summarize the three reconnaissance exercises; there were signifi-
cant differences in the total elapsed time and the mobility rates between
the wet season patrol and patrol #1 of the dry season on the one hand and
vatrol #2 of the dry season on the other hand. Three patrols are too few
to provide a basis for sound generalizations. dowever, the data suggest
the following: the route selected and followed is of prime importance,
as it determines the number of direction changes and the frequency of
obstacles encountered. The visibility, ground condition, weather, vege-
tation density, and season of the year are all factors which influence
mobility rate. Patrol #2 of the dry seascn points to the importance of
resting often tut not longer than necessary, and moving as rapidly as the
terrain and vegetation permit. However, in many cases the "best" route
for foot movement muy not be the best route from a tactical standpoint.




5. Data from the combat patrols

The cosbat patrol described here also dejarted from Pavon Tower and
moved to an objective (Figs. 4 and 5). in this case the objective was
only 1,350 meters (0.84 miles) away. The patrol then rendezvoused 3,000
meters (1.86 miles) farther om, near the junction of S-8 (Chagres Road)
and Shimmey Beach road, meking a total directline distance of k,350 meters
(2.7 miles) traveled from Pavon Tower. Data were gathered for one patrol
in both wet and dry seasons. The routes selected by the two patrol
leaders (Figs. 4 and 5) appear to be very similar to each other in every
respect with only minor variations. 7The wet season patrol took a slightly
longer route. Neither was very much longer than the straight-line dis-
tance of 4,350 meters (2.7 miles). The total elapsed time from patrol
bagse was 5 hours 7 minutes for the wet season patrol, and 5 hours 22
minutes for the dry season patrol (Table I).

The wet season patrol encountered 64 direction changes, while the
dry season patrol had only 48 direction changes. The terrain covered by
the wet season group was 50.0% downhill slope, 29.6% uphill slope, and
20.4% level (Table III). Handholds for descending were required 9.2%
of the distance and for ascending 14.3% of the distance. The dry season
route was 52.8% downhill, 30.2% uphill, and 17.0% level. Handholds
for descending were required 8.2¢ of the distance, and for ascending 7.1%
of the distance. ‘fhe only obstacles were small streams and gullies. For
both combat patrol exercises most of the time was spent in passing through
scattered vegetation on sloping terrain. In summary, there wvere signifi-
cant differences in total time in movement (wet season patrol 3 hours 6
minutes and dry season patrol 5 hours 22 minutes) and mobility rates (wet
season patrol 1,580 meters per hour or .98 mph and dry season patrol 848
meters per hour or 0.53 mph) not reflected in the total elapsed times (wet
season patrcl 5 hours 7 minutes and dry season patrol 5 hours 22 minutes).
The environmental characteristics encountered by these two groups do not
appesr to explain this difference. It therefore is probably explained
only by the activity of the men other than marching.

6. Data from raids

The raid was unlike the reconnaissance and combat patrol exercises
in that the group was company rather than patrol size. Also, on the raid
exerciges different landing areas, objectives, bivouacs, and rendezvous
points were used (Fig. 1). As a result, total distance traveled and
length of time varied considerably between the two exercises. Thus,
there was no opportunity to compare the effect of envirommental conditions.
During the wet season, data were gathered for a raid that lasted 2% days,
and during the dry season, data were collected on a raid that lasted 2
days (Figs. 6 and T).



The wet season raid group covered 14,525 meters (9.03 miles) in a
total elapsed time of 30 hours and 27 minutes (Table I and Fig. 6). The!'r
average mobility rate wae 656 meters per hour (0.41 mph), and they made a
total of 1k4 d’rection changes. They traveled on level terrain U7.T% of
the distance, 34.9% uphill, and 17.4% dc 1hill (Table ITI). Handholds
rere necessary for 11.5% of the aistance traveled. Precipitation occurred
during the early morrning hours of the first two days (Table II), tending
to make footing extremely liaborious, slippery and hazardous.

The dry season raid group covered 17,075 meters (10.61 miles) in a
total elapsed time of 2% hours and 38 minutes (Table I and Fig. 7).
Their average mobility rate was 943 meters per hour (0.59 mph), and they
made a total of 136 direction changes. They traveled on level terrain
43.T% of the distance, 30.3% uphill, and 26.1% downhill (Table IIT).

Ha ndholds were pecessary 18.1% of the distance traveled. The length of
the two raid exercises would be very similar if the first 2,500 meter
(1.55 miles) march of the dry season group preceding the boarding of the
landing craft was discounted. Alsc, the total number of direction changes
is comparable (144, 136) (Table I). The vegetation wvas of the scattered
category more than 95% of the time for both exercises. The number of
obstacles was of only minor significance and there were only a few.

To summarize the two raid exercises; there were significant differ-
ences in the total elapsed times (wet season 33 hours 15 minutes and dry
season 23 hours 38 minutes) and the mobility rates (wet season 656 meters
per hour or 0.4l mph and 943 meters per hour or 0.59 mph) (Table I). One
explanation is that the m:ddy condition of the ground caused by the early
morning rains of the wet season slowed walking (Table II). The debili-
tating effects of high humidity with high temperature conditions may have
been an added factor in causing early fatigue among these men. Visibility
war greater during the dry season since many of the deciduous trees and
shrubs had shed their leaves. The streams had less water in them during
the dry season and their banks and the banks of gullies were less slippery
than during the wet season.

7. Finding~ and recommendations

In the analysis of the environmental parameters of the human factors
field studies performed at Fort Sherman, Canal Zone, the following find-
ings and recommendations are made,

Mobility rates of soldiers operating in various tropical vegetation
and terrain types require further investigation. It is not a simple
problem, as no single factor determines the difference in mobility rate.
Mobility retes are influenced by the interactions of: (1) the man aspects:
the decisions of the commander, the time allocated to accomplish the
mission, motivation, size of the unit, physical condition of the men.
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tactics, and load, to name a few; and (2) the environmental aspects: tem-
perature, humidity, rainfall, terrain, soil and vegetation types. During
the planning stage, leadership can solve many of these marn-environment
problems by carefully selecting the best route of travel with regard to
rate of movement, likely obstacles, weather conditions, and security meas-
ures reguired for a successful mission. Leadership is equally important
in determining the degree of success in moving over the planned route,
through adjustment of the plan as needed to cope with unforeseen obstacles,
accidents, or changes in weather corditions.

In the enviromment, mud is the greatest hinderance to rapid movement.
High humidity with high temperatures, and early morning precipitation are
the most significant of all of the weather conditions encountered. Mois-
ture softens the ground surface, with the result that at any given point
after repeated passes by groups of men, movement is at first slowed down
and eventually is completely bogged down in deep slippery mud.

Frequency of obstacles encountered is next in importanc: .o mud,
principally deadfalls, small streams, and guliies, but also the demnsity
of tree trunks, branches, and vines vhich impede physical movement and
also vision. All of the dense tropical vegetation types encountered in
this study restrict visibility so that a greater number of reference
points are required for traversing an area than in other environments.

That observers differ was another finding. Various envirommental
conditions impress observers differently. As a result, some environmental
criteria appear to be reported more frequently than other equally impor-
tant conditions. In collecting aad recording quantitative environmental
information using a limited number of samples, this may introduce an
unintentional bias into some of ‘he data. By increasing the quantity of
observations the quality is als) improved. Also, inexperience of observ-
errs at the beginning of an excrcise or problem in the use of the record-
ing equipment and in the types of environmental data to be observed affects
the reliability and quality of the data recorded. Failures occur some-
times because of improper operation of specialized equipment. Therefore
the more experience the observer has in using his equipment under field
conditions the greater the probability of success. For success in stress-
type field problems, reserve or back-up men and equipment are essential.
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