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A coaprehensiT« assesnent of the jlqrale«! •arliwafe «ad openttlooal 

hardships of the eoribst soldier opexmtlng in the vet-tropics is of vital 
eoocem to the U.S. Angr. This report describes the environaeiital factor« 
involved in the first of a series of investigations p*« ■*»«•* hj Pioneering 
Research DlTision, HABS, on the fanasn factors aspect of the soldier oper- 
ating in the set tropics. Specific objectives sere to devenrtae use sad 
«apatibilitj of equipaent, the nature of the tasks perfoned by the sold- 
ier in the field in the execution of assigned aisslons, and to describe 
the physical and operational environaent in shich these assigned aissions 

It is sell knovn that knofvledge of the environanit is essential to 
successful srllltaiy operations. The best preparation in advance pl««m ug 
is required to solve problsas created by a ntnber of variables such -*s 
the coaasader, the proper tlas to accomplish the aission, the ascf-sci*^- 
aotivation, the correct sise of the unit« the best physical condiiiwul v 
of the aen, the proper Skills, the correct tactics, the lightest -•■$*• 
aad the right food, clothing, aad efoipnent. Even vith all of tw  :^ 
tors taken care of, it is necessary that the best route be select 
folloved according to a fixed tlaetable. This sill depend on tc« \ ^* 
of environaent, nsasly the terrain, soil, vegetation, aad seat-   * 
tions likely to be encountered. For these reasons this study c <-> * 
aatic aad physical characteristics of soae of the field exerci^i   i> 
taken at Fort Shexnan, Canal Zone, has been aade. 
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Chief 
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ABSTRACT 

The purpose of this study nas to deternlne «bieh emrixdnwntal 
factors Influence the perforaaace (especially aobility rate) of the 
Quartenaster-equlpped soldier In the tropics. The oethod «as for an 
enrlvomnntal observer to accoopany troops on three types of operational 
exercises (reconnaissance and cofcat patrols and raid exercises) during 
both net and dry seasons at Port Shenssn, Canal Zone. 

Data nere recorded shoving: weather^ ■oveasnt, terrain, surface 
conditions and vegetation at regular intervals. Tables are presented 
suHsarlslng cllaatlc conditions, terrain and ■oblllty rates. Maps and 
route profiles shov vegetation types and surface geology. 

The results of the reconnaissance and coabat patrols are not such 
that they could be generalised on or explained by the envlronaent. How- 
ever, in the raid operations significant differences «ere found between 
the data for the two seasons. The slower nobility rate of the wet season 
is attributed to: (l) the prevalence of nod (the greatest hindrance to 
■ovnsnt), (2) the debilitating effects of high hunidity (the aost signif- 
icant envlromantal factor affecting coafort) and (3) & lower visibility 
than in the dry season. Other factors, significant in both seasons are: 
frequency of obstacles (streons, gullies and deadfalls), and dense stands 
of vegetation. 

vi 



SOME EHVIROIIMEHTAL ASPECTS OF THE HUMAN FACTORS TROPICAL FIELD STUDIES 

1. The problem; purpose and scope 

The problem «as to develop techniques and methodology for measuring 
activity and Performance capabilities of the Quartemaster-equipped sol- 
dier and apply these to military operations in tropical environments. 
One important purpose «as to determine vhich environmental 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 eure significant and the degree of 
their significance is most important in giving future guidance to tropi- 
cal research efforts. 

First, a literature survey vas 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 «as selected as having 
the largest number of the required environmental characteristics to be 
Investigated. In addition, there «ere 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 «as to list and assign 
«orklng definitions to terms used and for «falch data «ere to be gathered. 
The second step required «as to select realistic tactical and operational 
exercises. A necessary criterion «as that each «ould be representative 
of simulated combat conditions and yet be observable without interfering 
with the tactical play Itself. Other factors considered «ere 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 
rtld: 

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 certain 
military information. 

The combat patrol 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 sladlar to the coobat patrol; the difference is 
that a larger group of aen is involved, and it is longer and More exten- 
sive in scope. 

The environmntal observer positioned hiaself in the center of the 
squad of «en «ben it «as noving in *ol\xm,  in order to interfere as 
little as possible with the tactical play. On those occasions «ben 
for any reason it «as necessary for antoers of the squad eleaent to sep- 
arate, the observer followed t%e ■sneuvering eleaent. 

The data collected by both the environaental observer and the huaan 
engineer observers «ere recorded on a tropicalised «ire recorder strapped 
to the observer's chest «ith an attached tie clip aicrophone. In addition, 
each observer «ore a synchronised «ater-proof vrist «atch for recording 
tiae of collecting all data. For ready reference, the various categories 
of environaental criteria to be collected «ere placed on a «ater-proof 
laainated card attached to a cord about the observers neck. Upon coa- 
pletion of the exercise, the collected data «ere tabulated or transferred 
to IBM cards for aachine processing. 

Using an aspirated psychroaeter during the «et season exercises 
(August) and a sling psychroneter during the dry season exercises (January) 
cllnatic observations «ere taken every hour on the hour or «ben there «as 
a significant change, such as rain or darkness, recording the tiae of 
change. An exanple of a recording by the environaental observer «as: 
"0900, dry bulb 82*P, «et bulb 78*F, valking level, aaody, sticky, «ater- 
covered, scattered, vine covered, thorny, and light.'* Thus the following 
«ere recorded: ti^, «eather, aoveaent, terrain, surface conditions, and 
vegetation. 

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

a.  Mg distance— m „^^ „^ 
Tiae in aoveaent 

b-  ffi **8**nce s——— = Average speed enroute 
«Total tiae of exercise 

The aap distance of the route followed was used In each case as en 
estloate 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 Shertui area 

From a cUaatlc and geographical viewpoint. Port Shenan NLlltaxy 
Reservation la the aost favorable tropical area for training and testing 
under the Jurisdiction of the United States (Fig. l). It enco^asses 
■ajor faumld-tropic cllaatlc, terrain, vegetation, and soil teactire types, 
and includes natural wildlife hasards and provides the envirouweatal 
stresses necessary to induce physiological stresses in the troops train- 
ing there. 

The cliaate is predominantly tropical ■arine, with no large variations 
in temperature. The average annual precipitation is about 130 Inches, 
most of which falls during the rainy season fro« Msy through üecenber. 
The oean relative fainddity is high, usually about 60 percent. The north- 
east trade winds blow steadily during mich of the year, but like all 
forested areas, there is little wind, 3 wph or less, within the rain 
forest. 

The terrain varies fro« flat, low-lying smylands to low hills with 
elevations 19 to 71$ feet. The hills have rounded tops, steep slopes, 
and narrow valleys. Alluvial plains constitute the reaaining portion of 
Fort Shensn. The coast is characterised by coral fonsations and a 
series of low, steep cliffs, interspersed with sandy beaches. Tropical 
■ountainous 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 doninant feature of the hunid tropic 
environaent. At Fort Sheraan vegetation falls into two aajor categories: 
upland and lowland types. 

Based prinarily on the total aaount and seasonality of rainfall, 
there are three natural upland types; rain forest, tropical deciduous 
forest, and savanna grassland. Because nan has cut and burned areas 
within each of these three vegetation types, secondary growth has occurred 
In each. These upland vegetation types cover 8h.6 percent of the Fort 
Sherman area. In sise, this is 28,59$ acres or Mt.7 square miles. Bain 
forest is the most common of the three types, covering 35 «3 percent of 
the total area of Fort Sherman. 

Five specialised vegetation types are found on the flat alluvial 
lowlands of Fort Sherman. They are: cativo, coastal thicket, mangrove, 
manicaria, and raffia palm swamp. Also, secondary growth Is found for 
many of these natural types. These lowland vegetation types cover only 
1$.U percent of the Fort Shermn area. In size, this is 5,187 acres or 
8.2 square miles. Cativo, the most extensive,Is the tallest of the low- 
land vegetation types. It covers 5>1 percent of the total area of Fort 

* 

f 



Shenaii. Tb» «peelalisatlon of lavLuid vegetation la baaed primarily on 
type of drainage or aallnlty of the «ater. Ibat of the typea do not 
oeeupjr clear-cut areaa, but tend to aerge gradually fn» one type to 
another. 

The aajor aoll textural types I.e., rock, gravel, sand, silt, clay, 
and anck, are found at Fort Shezaan In aufficient aaounta for training 
and testing purposes. 

flort Shenan la also very rich in aany fozaa of wildlife. Including 
a variety of a^hlblans, reptilea, naanala, and Insects. The reptiles 
Ittplnde poisonous snakea, such aa bustanaster, fer-de-lance, and coral 
anake; the ■miili Include the puna, ocelot, Jaquarondl, and nany types 
of noBksys; the Insects Include the anopheles mosquito, fleas, tlcka, 
bugs» and files. 

k,     Dsta fron reponnalasance patrols 

The recoanalsaance patrol took place In a hilly rain-forested area 
of Vort Sheznan (Flga. 1, 2, and 3). It «aa essentially a patrol action 
that departed fron Bavon tower and scouted the road Junction S-8 (Chagrea 
Road) and S-8P Road and returned. The total distance «aa approzloately 
U,250 netera {2.6k nlles) round-trip If a direct route vere followed, 
fiivlromental data (clioate, terrain and nobility rates) were gathered 
for one patrol during the wet season and for two patrols during the dry 

(Tables I-HI). 

The wet season patrol 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 It,550 
asters (2.83 miles) or only 300 meters more than the straight-line dis- 
tance. Nbst of the time (93.W was traveled in the rain forest and the 
rest (6.6^) in rain forest secondary growth. A total of 136 direction 
changes were made because of the frequent obstacles encountered, such as 
deadfalls, snail 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 U). Presumably, these environmental factors, along with the high 
humidity with high teaperatures, had a debilitating effect on the men. 
The resulting mobility rate was only 996 meters per hour (O.63 

The two dry-seaaon patrols, on the other hand, appeared to have con- 
sidered the terrain and vegetation in planning their routes to and from 
the objective. 



RECONNAISSANCE PATROL EXERCISES 

WET SEASON -15 AUGUST 1962 

/ 

DRY SEASON PATROL I - 23 JANUARY 1963 

DRY SEASON PATROL H ~ 23 JANUARY 1963 

FIGURE  2 
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Dry season patrol #1 selected the longest route, 6,150 aeters (3.82 
miles) or 1,900 meters more than the straight-line distance. A total of 
39 direction changes vere asde (Table X). The terrain covered «as largely 
made up of slope conditions, 37.B^ being uphill slope for the g«n and 
38.7^ being downhill slope (Table III). Only 23.5^ of the terrain was 
level and k.Jj, «as so steep that handholds had to be used. The vegeta- 
tion «as of the "scattered" category more than 90jt of the tiae. Only four 
obstacles vere encountered: one deadfall, and three streaas (Fig. 3). 
Urns, in suasary, reconnaissance dry season patrol fl spent most of the 
tiae in passing through scattered vegetation on sloping terrain encounter- 
ing a deadfall and crossing an occasional snail streaa. Their total 
elapsed tiae «as the longest of the three reconnaissance exercises exam- 
ined, and their aobility rate «as 1,013 aeters per hour (0.63 aph). 

Dry season patrol #8 planned and took the best route by aost geo- 
graphic standards. Their total distance «as 5*673 aeters (1.07 alles) 
or ljte3 aeters aore than the straight-line distance, and their total 
elapsed tiae froa base caap «as shortest, 6 hours and 33 minutes (Table 
I). They aade a total of 22 halts totaling 3 hours and 50 alnutes or 
Mf.5^ of the tine. This would indicate that they rested often but moved 
rapidly «hen conditions peraitted. They made a total of 37 direction 
changes. The terrain covered «as 30.6^ level, 32-3^ uphill slope, I7.I7D 
downhill slope; nevertheless, handholds «ere required 23.2^ of the time 
uphill and 8.9^ of the time downhill (Table III). The vegetation «as 
of the "scattered" category 100^ of the time. Only five obstacles vere 
encountered: one deadfall and four streams. In euaaary, dry season 
patrol #2 spent most of the time in passing through scattered vegetation 
on level terrain and obstacles that required little time to overcome 
(Fig. 3). Their total elapsed time «as the shortest of the three recon- 
naissance exercises examined, and their mobility rate «as l,86l meters 
per hour (l.l6 mph) by far the fastest of the three (Table I). 

To sumarlse the three reconnaissance exercises; there vere signifi- 
cant differences in the total elapsed time and the mobility rates between 
the vet season patrol and patrol #1 of the dry season on the one hand and 
patrol #2 of the dry season on the other hand. Three patrols are too few 
to provide a basis for sound generalizations. However, 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 season points to the importance of 
resting often but not longer than necessary, and moving as rapidly as the 
terrain and vegetation permit. However, in many cases the "best" route 
for foot movement nay not be the best route from a tactical standpoint. 
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5-  Data fron the coiimt patrols 

The combat patrol described here also departed from Bavon Ämer and 
Doved to an objective (Figs, k and 5). in this case the objective «as 
only 1,350 meters (0.8U alles) away. The patrol then rendezvoused 3,000 
meters (1.86 miles) farther on, near the Junction of S-8 (Chagres Road) 
and Shlmmey Beach road, making a total dlrectllne distance of ^,350 meters 
(2.7 miles) traveled from Bavon Tower. Data vere gathered for one patrol 
In both vet and dry seasons. The routes selected by the two patrol 
leaders (Figs, h and 5) appear to be very similar to each other In every 
respect with only minor variations. I^he vet season patrol took a slightly 
longer route, neither was very much longer than the straight-line dis- 
tance of 1*,350 meters (2.7 miles). The total elapsed time from patrol 
base «as 5 hours 7 minutes for the «et season patrol, and 5 hours 22 
minutes for the dry season patrol (Table I). 

The «et season patrol encountered 6h direction changes, «hlle the 
dry season patrol had only U8 direction changes. The terrain covered by 
the «et season group «as 50.0£ downhill slope, 2$.6i uphill slope, and 
20.U^ level (Table III). Handholds for descending vere required 9.2$ 
of the distance and for ascending lU.3^ of the distance. The dry season 
route «as 52.8£ downhill, 30.2^ uphl31, and 17.0^ level. Handholds 
for descending vere required 8.2^ of the distance, and for ascending 7*1$ 
of the distance. The only obstacles vere small streams and gullies. For 
both combat patrol exercises most of the time «as spent In passing through 
scattered vegetation on sloping terrain. In sumnaxy, there «ere signifi- 
cant differences in total time In movement (vet season patrol 3 hours 6 
minutes and dry season patrol 5 hours 22 minutes) and mobility rates (vet 
season patrol 1,580 meters per hour or O.98 mph and dry season patrol 8U8 
meters per hour or 0.53 mph) not reflected in the total elapsed times (vet 
season patrol 5 hours 7 minutes and dry season patrol 5 hours 22 minutes). 
The environmental characteristics encountered by these tvo groups do not 
appear 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 «as unlike the reconnaissance and combat patrol exercises 
in that the group «as company rather than patrol size. Also, on the raid 
exercises different landing areas, objectives, bivouacs, and rendezvous 
points vere used (Fig. 1). As a result, total distance traveled and 
length of time varied considerably betveen the tvo exercises. Thus, 
there «as no opportunity to compare the effect of environmental conditions. 
During the vet season, data «ere gathered for a raid that lasted 2-| days, 
and during the dry season, data «ere collected on a raid that lasted 2 
days (Figs. 6 and 7). 



The vet seaaoii raid group covered 1^,525 ■etcr» (9.03 «lies) in a 
total elapsed tine of 30 boors and 27 minutes (Table I and Fig. 6). The.'.r 
average Mobility rate vae 656 neters per hour (O.Ul aph), and they oade a 
total of ikk direction changes. They traveled on level terrain hjfjf of 
the distance, 3^.95^ txphill, and 17.^ dc Jilll (Table m). Handholds 
vere necessary for H.^t of the distance traveled. Precipitation occurred 
during the early morning hours of the first tvo days (Table n), tending 
to make footing extremely laborious, slippery and hazardous. 

Hie diy sessan raid groiqp covered 17^075 meters (10.61 miles) in a 
total elapsed time of 2h hours and 38 minutes (Table I and Fig. 7). 
Their average mobility rate nas 9^3 meters per hour (O.59 mph), and they 
made a total of 136 direction changes. They traveled on level terrain 
U3.7)( of the distance, 30.3$ uphill, and 26.1^ downhill (Table m). 
Handholds vere necessary 18.1^ of the distance traveled. The length of 
the two raid exercises would be very similar if the first 2,500 meter 
{1*53 miles) inarch of the dry season group preceding the boarding of the 
iimäiHg craft vas discounted. Also, the total number of direction changes 
is comparable {ikk,  136) (Table I). The vegetation "ma of the scattered 
category more than 95$ of the time for both exercises. The nuatoer of 
obstacles vas of only minor significance and there vere only a few. 

To sunnarixe the two raid exercises; there vere significant differ- 
ences in the total elapsed times (vet season 33 hours 15 minutes and dry 
season 23 hours 38 minutes) and the mobility rates (vet season 656 meters 
per hour or O.Ul mph and 9Ü3 meters per hour or O.59 nph) (Table I). One 
explanation is that the muddy condition of the ground caused by the early 
morning rains of the vet season slowed walking (Table U). The debili- 
tating effects of high humidity with high temperature conditions nay 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 vere less slippery 
than during the vet season. 

7-  Finding? and reconmendations 

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 eure meide. 

Mobility rates of soldiers operating in vsulous 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 rates eure influenced by the Interactions of: (l) the nan aspects: 
the decisions of the commander, the time allocated to accomplish the 
mission, motivation, sise 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 man-environment 
problems by carefully selecting the best route of travel with regard to 
rate of movement, likely obstacles, weather conditions, and security meas- 
ures required 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 conditions. 

In the environment, mud Is the greatest hlnderance 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 aid, 
principally deadfalls, small streams, and gullies, but also the density 
of tree trunks, branches, and vines which 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 vas another finding. Various environmental 
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 the data. By increasing the quantity of 
observations the quality is also improved. Also, inexperience of observ- 
erF at the beginning of an exorcise 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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