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FOREWORD

This sumrary report, the third of a series to be issued semiannually,
covers the progress and status of the Environmental Data Base for Regional
Studies in the Aumid Tropics. The project is sponsored by the Office,
Secretary of Defense, Advanced Research Projects Agency (ARPA), Directo-
rate of Remote Area Conflict, and by the Department of Army, Office of
Chief cf Research and Development, Army Research Office (ARO).

The study reported herein is being conducted under the guidance and
with the direct participation of the Research Division of the US Army
Tropic Test Center. The Commanding Officer during the report period was
Colonel Pedro R. FlorCruz. The Commanding Officer, at time of publication,
is Colonel John Zakel, Jr. The research program is carried out under the
supervision of Dr. Guy N. Parmenter, Chief of the Division. Staff members
of the Division have been responsible for the preparation of the individual
study papers camprisirg the body of this report, as noted herein. Compila-
tion and arrangement of the report has been done by Mr. Edward E. Garrett,

Physical Envirommental Scientist of the Division.
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This report, the third in e series of semisnmusl progress reports of
the Enviromental Date Base Project, presents e resmume of Project objec-
tives and methods .4 descriptions of the operational sites.

The Climate saction (Part IV) shows the data collected and instru-
mentation us.d with e dgsoription of mutomatic instrumeatation planned, ‘
Analyses of daily temp-vasure varisticns and & discussion of soil-surface

determination are presented,

The S0ils and Hydrology section (Part V) presents analysss of soil-
moisture profiles and soil-strengich profiles and their interrelationships,
Detailed informstion on soil profiles and physical characteristics is
presented in an sppendix,

The Vegetation section (Part VI) presents analyses of forest litter
accumlation, Ihformation on seedling characteristics and seed germing~
tion, and a revised vegetation invertory end plot for the Albrook Corest
site are given in sppendices,

The section de with Microbiology and Chemistry of the Atmosphere
oontains pspars on: (s) airborne and surfece deposited microorgsniams;
(b) observations of microbial populations of the forest soil; and (c)
discussion of atmospheric particulate matter,
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ENVIRONMENTAL DATA BASE FOR REGIONAL STUDIES IN THE KJMID TROPICS

PART I, INTRODUCTION

Background ‘e

This report, covering the period 1 September 1966 through 28 February
1967, is the third in a series of semiannual reports on the progress of the
Envirommental Data Base for Regional Studies in the Humid Tropics (USATECOM
Project Ko, 9-L4-0013-N1). It presents a review of project activities dur-
ing the reporting period along with selected technical data and analyses.
Additional technica). information will be found in the periodic Deta Summa-
ries to be issued under project auspices.

The oroject is sponsored jointly by the Advanced Research Projects
Agency, Office of the Secretary of Defense, and by tre Army Research Office,
Office of the Chief of Reseirch and Development, Hgs., Dept. of the Army.
Work is carried ocut by the US Army Tropic Test Center, US Army Test snd
Evaluation Command, Army Materiel Command, with contracted support of
Weather Engineers of Panama, Corp. Additional sciertific support was re-
ceived during the reporting periuvd through co-operative arrangements with
the National Center for Atmospheric Res:arch, and with several individual
scientists,

The project is an interdiscipli ary investigetion of the lmid tropi-
cal enviromments of the Canal Zone and the Rio Hato military training res-
ervation. These envirouments include a high rainfall region on the Carib-
bean slope of the Isthmus where tropical evergreen brosdleaf forest pre-
vail, a less wet region on the Pacific slope where tropical semideciduocus
forests predominate, and the still drier Rio Hato region where a typical
savanns association is found, The latter two ereas are characterized by a
pronounced dry season (though the Caribbean, or Atlantic, site has a rela-
tively dry season, il is not so well marked). These areas are analogous to
enviromments in ons of tropical monsoon and tropical savamna climates
(Koeppen Am and Aw) in southeast Asia and other parts of the tropics.

Objectives

The overall objective of the Data Base project is to provide in-
creas~d knowledge concerning the militarily significant envirommental fac-
tors of mmid tropical envirommants. The project i» Jdesigned to provide a
Lank of information and anelyses derived from cbservations of selected phys-
ical and biological conditions at representative sites in the three natural
enviroments mentioned above, A specific objective of the US Amy Tropic
Test Center is to obtain detailed information concerning the enviromments
in which its tests are conducted, which information will be of direct val-
ue in the planning and accomplishment of tests as well as in the develop-
ment of tropical test techniques and methods. The project will establish,
at the sites c¢' .sen as reprecantative of the three specified envirommental



regimes, tne spatial and temporal variations of a number of natural condi-
tions that affect the durability and operability of materiel as well as
such faztors as movement, communication, visibility, and the physical per-
formanc: of troops.

Description of Project

Tasks

The basic program for the Data Base project provides for investiga-
tions in the following fields: (1) Climate, specifically its microaspects,
or the metecrological phenomena manifested between the ground surface and
a height of spprcximately 50 meters; (2) Soils and hydrology, with emphasis
on factors related to soil trafficability and ground water; (3) Vegetation,
with emphasis currently being placed on taxonomy, foliage canopy, and the
ground accumulation of forest debris (litter); (4) Microbiology, with em-
phazis on numbers and kinds of bacteria and fungi and their transportation
and deposition; (5) Macrofauna, currently limited to selected arthropods;
and (6) Atmospheric chemistry, i.e., chemical and physical contaminants of
the air.

Detailer. study plans providing guidance for various aspect: of each
project task have been prepared in the form of Project Mer» randa. These
memoranda are periodically reviewed and revised to accord with current
practice and to reflect experience gained in operation of the project.

Observational Approach

In order to obtain as much information as possible on the interrela-
tionships between various envirommental factors, investigations are carried
out simultareously at selected sites, Manpower limitations and the cost of
instrumentatioh heve dictated that the full range of observations be limit-
ed to a few main observational sites. Two are in gperation; three others
are planned. "Main" sites are established where a broad range of environ-
mental elements will be observed over a relatively long period of time.
Additional "satellite" sites will he, and have been, establiched in the
same general area, at places with different physical and biological condi-
tions where restricted data are obsecrved,

The project plan calls for establishing two main observational sites
in each of the two major envirommental types found in the Canal Zone. A
fitrth site is planned for the Rio Hato military reservaticn where the third
principal local variation of the tropical enviromment is found. The two
observational sites in the semideciduous forest enviromment on the Pacific
side of the Canal Zone are now in operation. One is within the forest the
other in a large clearing nearby. A similar pair of sites is plenned r
the tropical evergreen broadleaf forest enviromment on the wetter Caribbean
side of the Canal Zone. The paired sites are necessary in order to fully
characterize conditinns in each of the two environments. Both cleared land
and forest are extensive throughout the humid tropics and military



orerations are not confined to one or the other, yet each imposes signifi-
cantly different envirommental conditions affecting movement, visibility,
delerioration of materiel, etc.

Some of the observations are made by Tropic Test Center personnel;
however, most of the routine observations are made under contract by the
Weather Engineers of Fanama Corp., following guidance provided in the
Project Memoranda. Project scientists on the Tropic Test Center ataff -
monitor all work and provide additional guidance as necessary, The fre-
quency of observation varies with the pature of the parameter, ranging froam
the continuous reading of same meteorological instruments to the one-time
observation of some soil facturs., The high frequency of many observations
requires manning of the main sites on a 2li-hour basis.



PART II, OBSERVATION SITES

Site locations
General

The selection of sites within the Canal Zone which are representative
of the generalization, "Humid Tropics", is complicated by the scarcity of
land that is not significantly subjected to influences stemming from cul-
tural or industrial activities and at the same time is available for con-
tinued use (for one to two years) by military sgencies for research pur-
poses, The sites must be readily accessible to the personnel required for
performing the necessary observations and ma.ntenance. Physical security
to preclude molestation must be provided for the costly instrumentation.
The requirement for electric power necessitates close access by road, or
nearness to power lines. Furthermore the sites should, as nearly as prac-
ticable, represent the extreme develop nnts of the range of envirommental
variation that occur within the area. The variational range within the
isthmian region is, indeed, large for its camparatively =small size, but is
not by any means inclusive of all variations four the world's humid tropics.
All of these considerations limit site selection and may force some compro-
mise to be made in their choice,

Established Sites

Two main observational sites have been established to date. These are
located on the Pacific side of the Canal Zone, which is characterized by
moderate vrecipitution (an average annual rainfall of approximately 70
inches) with a pronounced wet and ary season, and semideciduous forest veg-
etation. The two sites are located in the Albrook Forest and at Chiva
Chiva (see Figure 1I-)). The latter is in an open grass-covered area, four
kilometers (2-1/2 miles) from the former, which is located within a forest
with a relatively dense canopy about 10 meters thick and extending to about
27 meters above the ground and with an understory of shrubs and vines with
greatest density at about 2 meters height.

Three satellite sites are currently being utilized for observation of
soils and meteorological data. These are sites for which significant bodies
of data had been gathered before tlw institution of the Data Base project,
and at which instrumentation was already installed. Consequently it wss
considered desirable to maintain the gites under reduced observation sched-
ules. Their locations are described below,

Proposed Sites

The establishment of paired sites is planned for the Atlantic side of
the Canal Zone, where the significantly higher anmual reinfall (130 in.
average) with a less pronounced dry season produces vegetation with ever-
green characteristics and forests with higher and denser canopies than on
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the Paclific side. Two areas are under consideration: one in the viecinity
of Fort Sherman, (military grid PV 14L324k), and the other in the Coco Solo
Naval Ordnance Annex (military grid PV 2u5365).

The fifth main observational site has been planned for location on the
Rio Hato Military reservation (approximate grid location, NV 970283) about
80 kilometers southwest of the Albrook sites (see Figure II-1). This is
within a savanna (grassland) area with an annual rainfall of approximately
4O in, appreciably less than that at the Albrook area. Observations of
some climatic factors were started at a location near the proposed site in
1965, These include rainfall, temperature, relative humidity, and wind
speed and direction.

i

Site Descriptions

Albroug Forest Site

This site is located in the northeastern portion of the Albrock Air
Force Base immediately adjacent to the Fort Clayton Military Reservation
(military grid PV 602964). Elevations at the site range from 30 to 33 me-
ters above sea level. (See Grid Orientor Map in Appendix C). The ground
slopes very gently, approximately 4%, to the southeast. The nearly-level
surface is broken only by a one-half to twc-meter deep channel of an
ephemeral stream running southerlv across the eastern side of the test
site, This stream enters the Rio Curundu which follows a southerly course,
natural here in the upper stretches but canalized several kilometers down-
stream., The regional topography is characterized by rounded hills, with
elevations up to 130 meters. The nearest lie about LOO meters to the east,
and others 600 meters to the NW, the latter being part of a generally NE-
SW trend.ng line, with slopes ranging from about 10% to 50%. The site is
located on a low, erosional terrace. The soil is a residudl clay oxisol
with a light-textured surface rich in organic matter. The parent material
is an agglomeratic tuff (a pyroclastic r-~ck with a fine grained matrix of
volcanic ash with phenoclasts up to 1 cm in diameter).

The vegetation consists of many species of trees, shrubs, and vines,
many of which are deciduous, The upper surface of the tree canopy occurs
at 26 to 28 meters. The forest extends for several kilometers on all
sides, except to the east of Rio Curundu where the large vegetation has
been cleared, A gravel road provides .iccess to a paved highway three
kilometers distant., Figure II-2 is a view over the forest as seen from
30 meters above ground.

A walk-up tower, 46 meter- high, fabricated from aluminum tubing, is
located at the center of the site., Figure II-3 is a diagrammatic sketch
of the towers showing the instrumentation array as generally followed at
both main sites. Figure II-4 is a photographic view of the below-canopy
portion of the tower.




FIGURE II-2., ALBROOK FOREST, WESTWARD FROM TOWER AT 30 METERS

Two generators of 30 kw ity provide the power required to operate
the electrical instrumentation (see Figure II-5), They are located at the
gite entrance within a wire-protected enclcsure. A concrete, air condi-
tioned builaing for use of the round-the-clock observers, and in vwhich the
central components of the data acquisition and recording systemes are lo-
cated, is positioned on the perimeter of the site, (Figure II-5),

Figure II-6 shows the relative locations of the principal installa-
tions of the site, including the meteorological, soils, and biological in-

struments and devices, To minimize disturbance of the existing vegetation
and soil surfaces, woodea walk-ways have been installed.

Chiva Chiva Open Site

This site is located in the northwestern section of the Fort Clayton
Army Reservation (at PV 562979) approximately four kilometers west-nurthwest
of the Albrook Jorest Site. The location is in an open grass-covered area
at approximately 30 meters elevation. The clearing extends about one-half
kilometer to the northeast and in other directione for nearly one kilometer.
Beyond the cleared area, a forest, like that at the Albrook site, prevails.
The surface is nearly level, with a slight incline toward the southwest.
Clay, oxisolic, residual soils, very sticky and plastic, comprise the sur-
face mantle, The parent material, un agglomerate, is generally similar to
that at the forest site. A tower, identical in structure to that at
Albrook, 15 centrally positioned on the site, This tower carries a some-
what smaller mmber of instruments than the one at the Albrock Forest site
(8ee Figure II-3). Two air conditioned vans are provided for the observers
and the central components of instrumental recording systems. Electricity
is supplied to the site by commercial line power. Figure II-7 is a plot of
the principal installations at the site. Figure II-8 shows views of the
tower and the vans at Chiva Chiva, Due to the open nature of the site,

7
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bioloplcal observations are not carried out as extensively as at the
Albrook site, As at Albrook, wooden walk-ways are provided to prevent dis-
turbance of natural conditions.

Albrook Satellite Site (Soil)

Tk.= Albrook soil satellite site is located approximately 40O meters
southwest of the Alhrook Forest site at PV 600960, The soil is a well-
drained clay. The physical enviromment and topographic setting is similar
to that of the main Albrock site. A cased ground-water well, with a water-
level reccrder, a hygrothermograph, and two recording rain gages (one in
the open and another under the canopy) camprise the permanently installed
equipment at this site,

Fort Kobbe Satellite Site SSoil)

The Fort Kobbe soil satellite site at PV 569848 (location shown on
Figure II-1) is at an elevation of gpproximately 20 meters, The soil is a
dark clay, very sticky and plastic, The topography is nearly flat, with
slopes less than 2%, The vegetation is of secondary g~owth, with trees
reaching a maximm height of about nine meters. Two rain gages, in the
open and under the canopy; a hygrothermograph; and e cased water-well with

u level recorder are installed at the site, Figure II-9 is a view of the
site,

Fort Sherman Satellite Site (Soil)

This site is located within the Fort Sherman Army Reservation on the
Atlantic side of the Canal Zone at PV 117261 (see Figire I1I-1), at an ele-
vation of epproximately 80 meters, The generally broken terrain slopes at
about 40%, Soils are reddish trown, oxisolic clays, very sticky and plas-
tice The site is covered by a mature forest, with evergreen broadleaf spe-

cies predominating, The same meteorological equipment is installed as at
the other setellite sites,

1k
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PART III, FROJECT ACCOMPLISHMENTS

General

During the reporting period observations have contimued in the five
study areas comprising the project, Microclimatic observations continue
to provide the major bulk of the recorded data, and information concerning
macrofauna has not been developed to the level planned, Observations of
s0il and hyurology conditions are spproaching completion for the sites
established on the Pacific side of the Canal Zone, though further analysis
of the data is still required, The biological staff has been reinforced
significantly, but the additions came at, or shortly after, the conclusion
of the report period, Results of the increased capability in this area
will be reflected in future reports of project progress,

Dissemination of Data

Mont! Microclimatic

The publication of a series of microclimatic abstracts for monthly
release is currently under way. These summsaries will contain the basic
meteorological data compiled each month, - They are designed to provide
factual knowledge, as well as cognizance of the existence of the data, to
interested governmental agencies, Extensive distribution will be made
(approximately 100 will bte dis*~ibuted initially), Additional copies will
be available at the Defense Documentation Center,

This publication, entitled "Monthly Microclimatic Summary", is being
printed a- a pamphlet of approximately 30 pages. It cnnsists of a brief
introduction followed by the tabulated data. Table III-1 is a listing of
the meteorological elements presented in the publication, Figure III-1 is
an example of one of tiue tabular forms incorporated in the pamphlet,




TABIE III-1, ELEMENTS REPORTED IN MONTHLY MICROCLIMATIC SUMMARY

Monthly Means of Air Temperature by Hour

Monthly Ranges of Alr Temperature by Hour

Monthly Means of Relative Humidity by Hour

Monthly Ranges of Relative Humidity by Hour

Monthly Means of Soil Surface Temperature by Hour

Monthly Means of Wet Bulb Temperature by Hour

Monthly Means of Barametric Pressure by Houx

Monthly Means of Precipitation by Hour

Monthly Tctals of Precipitation

Monthly Ranges of Soil Surface Temperature by Hour

Monthly Ranges of Wet Buldb Temperature by Hour

Monthly Ranges of Barametric Pressure by Hour

Monthly Ranges of Precipitation by Howr

Monthly Means of Wind Speed by Hour

Monthly Ranges of Wind Speed by Hour

Relative Frequencies of Wind Directions (46 meters, Albrook)

Relative Frequencies of Wind Dircctions ( 4 meters, Albrook)

Relative Frequeucies of Wind Directions (46 meters, Chiva Chiva

Relative -zquencies of Wind Directions ( U4 meters, Chiva Chiva

Summary of Elements with Non~Hourly Frequencles of Obserwation:
WBGT - (Albrook)
Evaporation - (Albrook)
Precipitation - §Mama1 gage network, Albroock)
Precipitation - (Stem Flow, Albrock)
WBGT = (Chiva Chiva)
Eveporation = (Chive Chiva)
Minimm Grass Temperature -(Chiva Chiva)
Maximm Temperature - 2AJ.brook Satellite site)
Mininmm Temperature - (Albrook Satellite site)
Maximm Re: ative Hmidity - §A.1brook Satellite site)
Minimm Relative Hmidity - (Albrook Satellite site)
Irecipitation = (Albrook Satellite site)
Maximm Temperature = sFort Kobbe, Satellite site)
Minimm Temperature - (Fort Kobbe, Satellite site)
Maximm Relative limidity = (Fort Kobbe, Satellite site)
Minimm Relative Humidity - (Fort Kobbe, Satellite site)
Precipitation = (Fort Kobbe, Satellite site)
Maximm Temperature - (Fort Sherman, Satellite site)
Minimm Temperature - (Fort Sherman, Satellite site)
Maximm Relative Humidity - (Fort Sherman, Satellite site)
Minimm Relative Humidity - (Fort Sherman, Satellite site)
Precipitation = (Fort Sherman, Satellite si“e)
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PART IV, CLIMAIE#

Introduction

This subtask of the Date Base project is designed to determine the
microclimatic characteristics of the observation sites, with particular
reference to other envirommcuntal studies being conducted concurrently.
Measurements of climatic elements are made through the vertical profiles by
exposing sensors at several selected levels on the L6-meter towers together
with an array placed at the ground level at the two main gites, Albrook
Forest and Chiva Chive (see Figures II-2, -5, and -6), All determinations
are made at scheduled time intervels, and like measurerents are made simul-
tanecusly, at the forest and open sites, The simultaneily and contimuity
of measurements at the Data Base sites makes possible the definition in

precise texms of the areal and temporal variations of the lmid tropical
climate as exhidited at the two sites.

Instruments used for data acquisition are selected on the basis of
a 11ity to withstand the severe tropical enviromment while producing relis-

ble results, A conti.mﬂ.rq training program is conducted to obtain maximmum
efficiency fram the observers,

Gbeervations

Meteorclogical observations of the following elements have been made:
Clouds, Dew, Evaporation, Humidity, Precipitation, Preasure, Special phe-
namena, St flow, Temperature, Visibility, Wet-bulb-globe temperature,
Wind speed and Wind direction, Temperature, humidity, and wind measure-
ments are teken at eight levels on the tower: 0,5, 2, 4, 8 meters, and at
the levels of the base and top of the upper cancpy, two meters above the
canupy, and the top of the tower (46 meters). Precipitation is measured
above the canopy and at the ground level at the forest site, The ground
level measurements include both direct canopy penetration and stem flow,
All other measurements, made at both sites, are made at the most advanta-
geous exposures, Measurements of radiation and sunshine which have not
been made to date, will begin with the installation of the Meteorological
Data Acquisition and Recording Systems (MDARS), deacribed below,

The fulli range of climatic elements has been observed at the two main
sites, as nearly as possidble, while only limited data were observed at the
Rio Hato savanna site, Temperaturcs, Inumidities, and rainfall were meas=
ured at the three satellite soil sites, The types and frequencles of
meteorological observations made at each site are summarized in Teble IV-1,

# These introductory and descriptive sections >f Part IV have been
prepared by Mr. Michael A, Fradel, Meteorological Technician,
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Instrumentation
Current Instrumentation

The inotruments used for making the meteorological measurements ?ﬂﬁ
been largeiy of standardized types: (see previous Semianmual Report,

TP, 17=19) stendard rain gages for precipitation, various sterdurd types of
aygrothe hs and psychrometers for temperatures and mmidities (see
Figure IV-1), Belfort and GMQ/12 wind sets for winds, and & standard evapo-
ration pan, Although the hygrothermographs and the wind sets are adequate
instruments under normal conditions, their exposure to the tropical envi-
romeent necessitates ccnsiderable maintenance effort in order to obtain da-
ta of maximm contimuity and accuracy. This applies to any instrument em-
ploying the strip chart recording technique, To counteract these deficlen-
cies in instmwentation, the MDARS was specifically designed to operate in
the severe tropical enviromment., The strip chart recording technique has
been eliminated; the active electronics are being placed in air-conditioned
buildings, to the greatest extent possible; and the sensors are of advanced
design to minimize etfects of envirommental exposure, Consequently, a
higher degree of accuracy in the data can be attained and the maintenance
effort greatly reducad,

To further improve techniques and instrumentation, infrared thermcme-
ters have been added to measure soil surface temperatures (Figure IV-2),
An experimental evaporimeter consisting of a Livingston atmmmeter and a
modified Piche evaporimecter (the edge of the disc has been sealed) was
placed next to the standard cveaporation pan (see Figure IV-3) to establish
correlations between the various instruments. The rain gege network, for
the measurement of rain penetration through the cancpy, will be increased
to improve the determination of the representative amount of rainfril reach-
ing the forest floor. A detalled discussion of the experiment with infrared
thermometers is presented in a following section. Results of the experi-
ment with the evaporimeters will be presented in future eeports.

Fature Instrumentation

A contract was awarded on 21 December 1966 for the procurement of two
compiete and separate units of an autamatic meteorological data acquisition
and recording system (MDARS), FEach system consists of meteoiological sen-
sors mounted on the observation towers, s means for converting the sensor
output to measurable quantities, a measuring system, and a digital system
which ultimately punches the quantitied parameter on paper tape in the form
of an eight~channel binary coded decimal code., To make their operation en-
tirely autamaiic, timing and control devices will be incorporated in the
gystems, A control panel will permit all functions of the system to be
controlled mamually. Any sensory imput can be selected, disnlayed, and/or
recorded, individually.,

* References listed at the end of this report,
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Weighing anu Recording Rain Gage Manual Clear-Vu Rain Gage at
at Chiva Chiva Site Albrook Forest Site

Honeywell-Brown and Bendix
Hygrothermographs and Bendix
Psychron at Chive Chiva Site

FIGURE IV-1l. VIEWS OF INSTALLED INSTRUMENTS
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Infrared Thermometer Indicators

FIGURE 1IV-2,

INFRARED THERMOMETERS
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Livingston Atmometer and Modified Piche Evaporimeter

Stondard Evaporation Pan with the Piche Evaporimeter om the Left

FIGURE IV-3, EVAPORATION MEASURING INSTRUMENTS
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Each system provides five of each of the following sensors: wind
speed. wind direction, dry btuld and wet bulb temperatures. The systems
will employ circultry of modular design ..o that additions may be made with
minimum modification. At the time of fit'd installation the addition of
the following sensors is planned: sunshine, rain gage (tipping bucket),
pyranameter, radiameter-net exchange, and radiometer-total hemispheric., A
tape reader and automatic typewriter combination will be included as part
of the system, which will serve the purpose of monitoring data at the site,
as it is beirg received,

The systems are scheduled fuor delivery and installation in mid-1967.
Figure IV-4 shows same of the components of the MDARS, Figure IV-5 gives a
view of the internal circuitry of the wind transmitters. Figure IV-6 pic-
tures some of the internal electronics of the digitel registers., Figure
IV-7 is a block diegram of the MDARS,

Special Maintenance Prcblems

The maintenance and the calibration of instruments subjected to the
degradational effects of the humid tropic enviromment continues tc ve a
major problem in the operational contimuity of the Data Base project.

To prolong the time between failure and to increase the service life
of the recording-type instruments, all charts are exposed to the ambient
atmosphere prior to use, pens are cleaned weekly, hair elements (of the hy-
grothermographc) are replaced frequently -- often weekly, the entire assem-
bly is cleaned monthly, and thc cesings ere repainted at least every six
months, Calibration checks have been increased to five times per day. The
wind measuring instruments require frequent overhaul, These instruments
are campletely disasserbled and thoroughly c_caned at least once each
month, The phenc.ic r-sin tube sockets supplied with the GMR-12 wind sets
deteriorate rapidly in the tropical enviromment; their rcplacement by ce-
remic sockets has prolonged the life of this camponent.

Another serious maintenance problem at the Albrock Forest site is
created by the use of field-type generators as a power source, Many cases
of generator failure have occurred in which the generator required field
maintenance, This necessitates removal of the malfunctioning generator
fram the operating site to the maintenance shcn and the installation of a
replacement. Since two on-site generaturs are necessary to afford a contin-
uous power supply (gencrators are alternated each 2 hours), the supply
problem alone hus proven difficult, Moreover, the ready availability of at
least two additional generators is desirable in the event, which has often
occurred, that both on-site generators become inoperative during the same
period. This problem could be avoided by utilizing a comercial power
line, However, the distance of the site fram the nearest transformer facil-
ity precludes installation of a separate power line to the site because ol
fund limitations, A possible solution for the future would be the use of
a ccamercial unit rather than the govermment issued field-type generator.
This possibility is being investig-ted,
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ANEMOMETER

SOME COMPONENTS OF THE METECROLOGICAL DATA
ACQUISITION AND RECORDING SYSTEMS
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PYRANOMETER

FIGURE IV-4,

SUNSHINE SWITCH DIGITAL RECORDER SHIELDED TEMPERATURE
SENSORS




WIND SPEED TRANSMITTER

_FIGURE IV-5, WIND SENSORS, SHOWING INTERNAL, CIRCUTTRY
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FIGURE IV-6. DIGITAL REGISTERS

FIGURR IV-6, DIGITAL REGISTERS
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Data Reduction and Storage

The data generated through the climate subtask represent the largest
single body of date within the project. Approximately 64,000 observations
are made each month, All of these observations, except wind direction and
surface observations (approximately 25,000), have been entered on punch
cards, Prior to entry on cards, the data are reduced to hourly values, as
appropriate, fram the data source forms; i,e., strip charts and log forms,
The raw data are screened, verified for accuracy and validity, and then
processed by a computer. The print-out exhibits the hourly values as well
as the daily and monthly means and extremes, Examples ¢f the data socurce
forms .and the montaly ~ummaries derived the camputer print-outs may
be ceen in the previcus Semiannual Report{l), The print-outs are used by
the Tropic Test Center to make analyses of the various elements and corre-
lations with other factors being observed, All punch cards, raw data, and
data~source forms are stored in the Tropic Test Center Technical Library
Annex at the Miraflores Laboratory. These data may b2 made available to
any authorized agencies for analysis, As an example of such usage, the US
Army Natick Leboratories is currently planning a rainfall study which will
utiiize specific types of duta tc be selectively retrieved from the data
bank and presented on magnetic tepe, Natick will be requested to provide
the Tropic Test Center a duplicate of this tape and the results of the
study.

The total mmber of indlividual meteorological observations recorded

and stored during the reporting period, 1 September 1966 through 28 Febru-
ary 1967, is sumarized in Table IV-2,
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Data Analysis

Analyses of the metecrological data acquired under the project, as
well as of the methodology for its acquisition, are carried out, as time
permits, in order to increase the utility, significance, accuracy, and va-

11dity of the measurements., In line with this objective, the sections be- :,
low are presente(,

Diurnal Temperature Variation in Forest and Open Sites*
Introduction

Microclimatic data will be summarized by monthly averages and totals,
as described on p. 16, for dissemination to interested egencies. The orig-
inal raw data will also be availlable to research workers, either in punch
card or tape form, The analysis presented here is an example of how the
original data can he spplied, Though temperature variations in the tropics
are less pronounced than at higher latitudes, definite variational patterns
do exist, and these are assumed to affect propageation of sound and radio
weves and the dispersion of microorganisms, gases, and other materials. In
thie study two simple weather patterns, which occurred in September 1966,
havt been singled out for analysis: days without rain at both the open and
forested sites; and days with rain at both sites. The analysis utilizes
the readings teken each hour, on the hour.

Analytical Method

There were seven days in September 1966 without any rain at Chiva
Chiva and Albrook, and ten days with rain at noon at both stations. Aver-
ages of such small samples are usually somewhat irregular because o: inci-
dental variations and non-systematic observational errors. To mmooth the
irregularities without eliminating significant details, the data were sub-
mitted to harmonic analysis, fram which new sets of data were produced by
suming the first harmonics, Since the temperature pattern of days with
rain is rather complicated, the first eight harmonics were used for such
days, while only the first four harmonics make up the smoothed data for
the days without rain., In addition, the constituents of each harmonic
were smoothed vertically by plotting the values of the same harmonic as
obtained for each level on grsph paper as a function of height over ground,
and by drawing a smooth curve in such a way that the differences between
the curve and the plotted values were reasonably small,

This procedure permits the camputation of the temperatures for any de-
sired time of the day and for any level between 50 cm and U6 m, However,
with exception of the 8-meter level in Chiva Chiva (for which no records
exist) the sacothed temperstures were computed only for the levels and the
times (full hours) for which actual cbservations exist, No smoothing has

% This section has been prepared by Dr, Wilfried H, Portig, Research
Meteoroclogist.
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been applied in those cases in which all thirty days in the month have
been considered.

Presentation

The entire bulk of data is presented in three different forms in
Figures IV-8, -9, and -10, Each figure shows height above ground as the
oréinate, which is plotted on a logarithmic scale in order to better show
the relatively larger variations n2ar the ground. While ihis seems to be
the best way to present the data for the Chiva Chiva open site, there are
unavoidable shortcomings with respect to the treetop level at the Albrock
Forest site (26,5 m). To a certain extent the deficiencies of presentation
at that level are justified by the fact that there are no other observa-
tions close to 26.' m which might provide more details of the temperature
distribution nee: che upper surface of the canopy. A wavy line in the
Albroock graphs is to remind the reader that 26,5 m is just above the
general treetop level,

Figure IV-8 shows the smoothed meen temperature of the days without
rain at both stations (upper part of the figure), and those with rain a-
round noon at both stations (lower part). The diagrams on the left side
refer to Albrook Forest, those on the right to the Chiva Chiva open site.

Figure IV-9 has the same arrangement as Figure IV-8, It shows the
changes of temperature f.om one hour to the next by means of isallotherms,
i.e. lines of equal temperature change.

Figure IV-10 is another presentation of the same data displayed in the
lcwer part of Figure IV-8, For selected hours the vertical distribution of
temperatures is shown in form of curves. For legibility, the figure 1is
broken down into the periods from midnight to noon, and from noon to mid-
night. The marginal curves of 2400 and 1200 appear in either part of the
figure,

Discussion

General. The simple basic concept of the diurnal temperature varia~-
tion, "warm at noon, cool at night", is modified in several aspects. Three
parts of Figure IV-8 show that the highest temperatures occur approximately
at noon (astronamical noon occurs at 12:10 in September), i.e. two or three
hours earlier than seems to be normal in most of the world, This is the
consequence of two effects which are merely differenl expressions for the
same weather development, The first is the increase of cloudiness which
begins at sunrise for low clouds, and at an earlier hour for total cloudi-
ness, On those seven days without rain at both observation sites the total
cloudiness increased from 0,6 at 0400 hours to 0.9 at 1000 and from there,
after a slight dip tc 0,8 at 1300, to 1.0 at 1700 hours. Such a strong
cloud development necessarily decreases the amount of effective solar radi-
ation. The other factor that prevents further rise of temperature after
midday is the developmert and discharge of thunderstorms in the vicinity of,
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but not over, the observation sites, On several of the days when no rain
fell at the sites, the observer heard thunder, in one case even overhead,
(This was on 21 Septuinber.) Only a few drops fell at Chiva Chiva and none
at Albrook, but at both stations the temperature maximm at all levels
occurred at the time wheu the first thunder was heard, or earlier., The
temperature drop after the maximum was considerable, e.g., at the 2-m lev-
el Chiva Chiva showed 30,6 ¥ at 1100 hours, 83,1 F at 1200 and 80,6 F at
1300, The changes at the other levels were of the same order of magnitude,

As expected the nighest temperatures occurred near the ground at Chiva
Chiva and near the treetops at Albrook, At both stations the lowest tem-
peratures (near 72 F) were recorded at low levels and the highest, 83 F,
just above the trees in Albrook, and 86 F in Chiva Chiva at the 50-cm lev-
el, the lowest for which observations are availsbl-=,

The fact that the lowest temperature at Chiva Chiva did not occur at
the lowest level but at “wo meters shove ground was unexpected, However,
this may be explained through the assumption that the nighttime cooling of
the air is not only accomplished tlirough contact with the cool ground but
also through direct radiational loss of heat into space. This interpreta~
tion is supported by measurements made by Flzr%da State University over <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>