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LOW-LEVEL WIND FLOW OVER EASTERN PANAMA 
AND NORTHWESTERN COLOMBIA 

A. B. Arnett, Jr. 
Charles R. Steadman, Jr. 

This report presents analyses of low-level 
wind data collected along Route 17 in the Darien 
region of Panama and Route 25 in northwest Colom
bia, as part of the Interoceanic Canal Studies to 
determine the feasibility of constructing a sea-
level canal across the American Isthmus. Both 
synoptic (macro-scale) and local (meso-scale) fea
tures were examined. Local influences, such as 
differential heating between land and sea (diurnal), 
topography,- and widespread areas of precipitation 
are shown to be important factors influencing the 
low-level wind flow. 

1. INTRODUCTION 

In September 1964, Congress authorized a study includ

ing necessary on-site surveys to determine the feasibility 

of constructing a sea-level canal to connect the Atlantic and 

Pacific Oceans. The study considered the use of nuclear or 

conventional excavation techniques for several possible routes 

across the American Isthmus. Safety studies relating to nu

clear excavation were assigned to the Nevada Operations Office 

(NVOO) of the Atomic Energy Commission. Meteorological studies 

were performed for NVOO by the Interoceanic Canal Project of 

the Environmental Science Services Administration (ESSA), 

staffed by personnel from the ESSA Research Laboratories 

(Air Resources Laboratories) and the Weather Bureau (Overseas 

Operations Division). 

This report analyzes low-level wind data collected along 

Route 17 in the Darien region of Panama and along Route 25 in 

northwest Colombia. The data collected included tetroon 

(constant-volume balloon), surface wind, and upper-air data. 



Both synoptic (macro-scale) and local (meso-scale) features 

were examined to determine space and time variations of the 

low-level wind flow over the area. 

Other project reports present meteorological data 

suitunaries for Route 17 in Panama (List et al., 1969) and 

for Route 25 in Colombia (List et al., 1970), radar precipi

tation studies (Schoner, 19 70), and fallout studies (Ferber 

and Palmer, 19 70). 

2. DATA COLLECTION PROGRAM 

Four manned weather stations and six remote instrument

ed towers were established to carry out the meteorological ob

servation program. The locations of these stations are shown 

in figure 1. 

The meteorological program on Route 17 (Panama) includ

ed manned weather stations at Pidiaque and Soskatupu and in-

strxomented towers at Boca Grande, Summit, and Lagrimas. The 

program on Route 25 (Colombia) included manned weather sta

tions at Alto Curiche and Loma Teguerre and instrumented 

towers at Quiparado, Teresita, and Salaqui. Table 1 lists 

station locations and elevations. 

Meteorological programs on both routes included stan

dard observations of surface weather and radar measurements 

of winds aloft to 60,000 ft at 6-hr intervals. Weather radar 

observations were made of the areal distribution of rainfall 

and the heights to which rain storms extend. Air trajectories 

at altitudes below 15,000 ft were studied by radar tracking 

of tetroons that can float for many hours at a near-constant 

altitude. 

Tetroons were released on a nonscheduled basis from 

the two manned weather stations on Route 17 (Panama) during 

the period of operations from July 1966 through December 196 7. 
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Figure 1. Location of weather stations on Route 17 and Route 25. 



Table 1. Surface Weather Observation Stations 

Station 

Route 17 (Panama) 
Soskatupu 
Pidiaque 
Boca Grande 
Summit 
Lagrimas 

Route 25 (Colombia 
Alto Curiche 
Loma Teguerre 
Quiparado 
Teresita 
Salaqui 

Lat. 
(N) 

08°56' 
08°36' 
08°28' 
08°55' 
08°44' 

) 
07"'02. 
07°51. 
07°01. 
07°04. 
07°21. 

8' 
3' 
4' 
7' 
3' 

Long. 
(W) 

77044. 
78°08' 
78°10' 
77°51' 
78°05' 

77°38. 
77°03. 
77°34. 
77°24. 
77°16. 

8' 
,0' 
6' 
5' 
4' 

Station 
Elevation 
(ft-MSL) 

7 
921 
200 

1060 
274 

988 
169 
1040 
720 
20 

= ,j .,1' :...Li' • , .. 

Tower 
Height 
(ft) 

— 
— 
60 
120 
140 

— 
— 
140 
160 
160 

On Route 25 (Colombia) releases were made from Loma Teguerre 

from July 1967 through February 1968 and from Alto Curiche 

from August 1967 through May 1969. 

Every effort was made to release at least one tetroon 

per week from each station. At times, two or three tetroons 

were released at a station during a week. The tetroons were 

generally inflated for programmed constant-altitudes between 

3000 and 12,000 ft above mean sea level (MSL). 

For each tetroon released, the position and height, as 

determined from M-33 X-band radar, were recorded at 5-min in

tervals. The tracking radar and its associated computer were 

limited to a range of 50 n miles from each weather station. 

An air surveillance radar in the Canal Zone was also 

used to track tetroons whenever possible. Positions (in 

range and azimuth) were recorded at 15-min intervals. This 

radar was most useful in covering the tetroon trajectories be

yond the limited range of the weather station radars. Unfor

tunately, the Canal Zone radar did not provide height data. 
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The three instrumented towers along each route provided 

continuous analog records of wind, precipitation, and tempera

ture. The wind and temperature sensors on the towers were lo

cated just above the jungle canopy. Precipitation measurements 

were made at ground level, about•50 ft from the base of the 

towers. 

3. LOW-LEVEL WIND FLOW 

The wind flow over eastern Panama and northwestern 

Colombia is influenced by large-scale factors, such as the 

position of the equatorial trough. In addition, local fea

tures such as topography and proximity of land and sea fur

ther influence the low-level flow. Consequently, both synop

tic (macro-scale) and local (meso-scale) features need to be 

examined to determine space and time variations of the low-

level wind flow. 

3.1 Synoptic Scale 

The equatorial trough (commonly known as the doldrums) 

is a region of lower pressure located between the hemispheric 

subtropical highs. The meteorological significance of the 

trough in the tropics is that the northeasterly trade winds 

(of the Northern Hemisphere) converge with the southeasterly 

trade winds (of the Southern Hemisphere) within this trough 

or "zone." The mean annual trough position lies near 5°N 

rather than on the geographical equator. This latitude has 

been named the "meteorological equator" (Riehl, 19 5 4) . Gen

erally, the position of the equatorial trough lies over east

ern Panama and northwestern Colombia from April through Decem

ber. From January through March, its position is south of 

the area. The southernmost position is approximately 400 miles 

south of the area (in late January and February). 
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The low-level winds in the vicinity of the equatorial 

trough are generally light and variable because of its associ

ated weak pressure gradients. As the trough moves away from 

an area, the wind becomes more constant. 

3.2 Local Scale 

Certain meso-scale features of atmospheric motion are 

of local origin (Defant, 1951). Local influences often pro

duce wind flow patterns that would be difficult to explain 

using only synoptic scale features. Most of the low-level 

wind variance of eastern Panama and northwestern Colombia 

can be explained when local influences are considered and re

lated to the synoptic situation. 

Near coastlines, variations in low-level wind flow re

sult from differential heating and cooling of the atmosphere 

over the sea and land surfaces. The land-sea breeze model 

implies that during the day a wind blows from the sea (cool) 

towards the land (warm), and at night a weaker wind blows 

from thp land (cool) out to sea (warm). The proximity of the 

Isthmus, of the Atlantic and Pacific Oceans, and of the rather 

extensive land mass of the South American Continent presents 

a combination for potential differential heating between land 

and sea. At times, no doubt, temperature differentials even 

exist between sea and sea (Atlantic and Pacific). 

Topography (or orography) also plays an important role 

in modifying the low-level general circulation pattern in the 

tropics. An example of a local circulation that can be antic

ipated is the mountain-valley wind. This wind system, with 

winds blowing upslope during the day and downslope at night, 

is similar to the land-sea breeze in that it has diurnal os

cillations. The mountains and hills along the Isthmus and in 

northwest Colombia often provide the "upslope" lift necessary 

to initiate convective-type rainshowers and thunderstorms in 

the moist unstable air. 
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The factors that control the development of cumuliform 

or convective clouds in the tropics are (a) horizontal conver

gence in the wind field, (b) mean depth of the moist layer, 

(c) topography, and (d) stability. As a result of land and 

sea breezes (horizontal convergence) and local terrain effects, 

convective-type rain and thunderstorms are often initiated, 

depending on the stability of the air and on the depth of the 

moist layer. Meso-scale pressure systems are established in 

the vicinity of these rainshowers and thunderstorms. Down-

drafts of rain-cooled air spreading over the surface provide a 

mechanism for further convective development and propagation 

of showers and thunderstorms. As a result, the areal extent 

of the small scale pressure systems and their associated flow , 

patterns is increased. 

3.3 Examples of Low-Level Wind Flow 

From the analyses of tetroon and wind data, examples 

were selected to show the local and synoptic scale influences 

on the low-level wind flow. 

3.3.1 Diurnal Wind Variation 

With the Pacific Ocean to the southwest and the Atlan

tic Ocean to the northeast, the extreme eastern portion of 

the Isthmus experiences both Pacific sea-land breezes and At

lantic sea-land breezes. A northeasterly sea breeze along the 

Atlantic coastal area and a southwesterly sea breeze along the 

Pacific coastal area are expected during the day. Conversely, 

a southwesterly land breeze along the Atlantic and a north

easterly land breeze along the Pacific are expected at night. 

Analyses of tetroon and wind sounding data confirm that such 

sea and land breezes do exist over the Isthmus. These data 

show a complicated sea-land breeze system influenced by such 

factors as the general wind flow pattern, topography, and 

rain-cooled air. 
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One of the most important factors influencing the isth

mian sea-land breezes is the general, or prevailing, wind flow, 

which often determines the intensity and horizontal movement 

of a particular breeze. For example, with prevailing north

easterly flow, which is commonly experienced over the Isthmus 

during the dry season, the Atlantic sea breeze normally rein

forces the general northeasterly flow. In contrast, the 

Pacific sea breeze must overcome the northeasterly flow and 

is limited to the immediate Pacific coastal areas. 

Orographic features can have pronounced effects upon 

sea-land breeze systems. Since a rise in the land can be of 

major importance in both stimulating and maintaining sea 

breezes (Riehl, 1954), the hills and mountains of the Isthmus 

often fortify both the Atlantic and the Pacific sea breezes. 

The narrowness of the Isthmus is an important topo

graphical feature. Its width averages 55 miles and is less 

than 40 miles in some places. Since the Coriolis force is 

smaller nearer the equator, the isthmian sea breezes might 

extend farther inland than sea breezes at middle latitudes. 

If the isthmian sea breezes do extend inland as much as 20 

to 30 miles, interaction between the Atlantic and Pacific sea 

breezes is possible. 

The presence of rain-cooled air also seems to be a 

significant factor in determining the intensity and penetra

tion of sea and land breezes. Extensive rain areas often 

occur at night over the oceans, providing a relatively large 

source of cool air for intensifying a sea breeze once the 

land starts warming the next morning. Moreover, precipitation 

induced by the progression of a sea breeze inland under warmer 

air further cools the air and therefore reinforces the inland 

flow. Finally, rain-cooled air associated with showers over 

the Isthmus during late afternoon and early evening can rein

force the nighttime land breezes. 
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Both the Atlantic and the Pacific land breezes are much 

less pronounced than their sea breeze counterparts. In many 

cases, because of the weak land breeze circulation, it is im

possible to determine whether the. nocturnal offshore winds are 

actually land breezes, are caused by the general wind flow 

pattern, or are a combination of several factors. The Atlantic 

land breezes (southwesterlies) are especially difficult to 

isolate, since the prevailing northeasterlies prevent their 

formation during the dry season and the prevailing southerly 

winds prevent directional contrasts during the rainy season. 

Though the Pacific land breezes (northeasterlies) are also 

difficult to distinguish during the dry season, they are often 

evident during the southerly flow of the rainy season. 

The sea breezes influence a larger inland area, persist 

longer, and seem to induce more precipitation than their land 

breeze counterparts. Of the two sea breezes, the Pacific 

breeze is more evident, possibly because there is more nocturnal 

and early morning rainfall over the Pacific. The Pacific sea 

breezes are usually quite evident by temperature and wind 

speed discontinuities; whereas, the Atlantic sea breezes are 

often difficult to distinguish. 

A relatively large amount of information on the Pacific 

sea breezes is available in the data collected. From these 

data, several case studies have been compiled to illustrate 

certain aspects of the Pacific sea breezes and the factors 

affecting them. These examples show vertical depth, horizontal 

extent, duration, and relative intensity of the sea breezes 

at various locations and times of the year. 

Case I - October 18, 196 7. The analysis of data collect

ed on October 18, 1967, provides an example of the Pacific 

sea breeze advancing across the Isthmus. During midmorning, 

a tetroon launched from Pidiaque at 1330 GMT leveled out near 

To obtain local time, subtract 5 hours from GMT, 

9 



3000 ft and floated, in light northeasterly flow. Both the 

wind velocities (computed from 10-min interval tetroon posi

tions and plotted upon the tetroon height positions) in fig

ure 2 and the trajectory in figure 3 show that the tetroon 

floated in a generally northeasterly flow until near 1500 GMT. 

Shortly before 1500 GMT, as shown in figure 2, it suddenly 

descended from approximately 3500 ft to 1800 ft. Regaining 

altitude some 10 min later, the tetroon no longer moved in 

northeasterly flow, but now in a southwesterly flow (figs. 2 

and 3). 

. / . ' 
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/ ^ 

X=^'-

T / 
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TETROON OBSERVATION 
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O PIDIAQUE SURFACE WINDS 

— ALL TIMES GMT-

o o 
CALU CAL « ^ ^ f^ ; ^ f^ f / ^ 

Figure 2. Five-minute interval plot of tetroon height and 15-
min interval plot of surface winds at Pidiaque (October 18^ 
1967). (Number at end of wind arrow is the tens digit of 
the wind direction; number along shaft indicates wind speed 
in knots. ) 
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As the tetroon was turn

ing around, the surface winds ^TO 

at Pidiaque (fig. 2) started 

increasing from the southwest, 

indicating that the sea breeze 

passed Pidiaque at the surface 

about the same time that it 

engulfed the tetroon (5 miles 

to the southwest) at 3000 ft. 

After the leading edge of the 

sea breeze had passed, the 

southwesterly surface winds at 
. . . , . . Figure 3. Ten-minute interval 

Pidiaque continued to increase ^^^^ ^^ tetroon trajectory 

T^ETROON TRACK 
OCTOBER 18, 1967 

ALL TIMIS QMT 

AOUE 

reaching 9 to 14 knots by 

1630 GMT. 

(October 18, 1967) 

The tetroon was still traveling in southwesterly flow 

when it was lost due to a radar power failure at 1625 GMT. 

Because of the wind shift at the 3000-ft level, the tetroon 

was less than a mile from its release point when lost, approx

imately 3 hr after release. 

There is evidence that this particular sea breeze was 

intense enough to penetrate across the Isthmus to the Atlantic 

Ocean. At Summit, which is approximately 40 miles from the 

Pacific and only a few miles from the Atlantic, temperature 

dropped, winds increased, and precipitation was recorded at 

approximately 1830 GMT, over 3 hr after the sea breeze passed 

Pidiaque. 

Case II - November 14, 1968. Data obtained in Colombia 

on November 14, 196 8, exemplify some of the general character

istics of the Pacific sea breeze. The early morning upper 

wind sounding (1200 GMT) taken at Alto Curiche showed light 
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and variable wind flow up to 20,000 ft with speeds not exceed 

ing 6 knots. During the early and midmorning hours, surface 

winds at coastal stations were light and northeasterly while 

winds at inland stations were light and southerly. This 

possibly indicates the presence of a land breeze along the 

Pacific coast. 

Later in the morning (1450 GMT) a tetroon, inflated to 

float near 3000 ft, was released from Alto Curiche. Though 

the winds at 3000 ft had been light and northwesterly 3 hr 

earlier, the tetroon, once stabilized near 3000 ft, indicated 

more easterly winds at 6 to 8 knots. 

At the time of release, the surface winds were light 

and variable at Alto Curiche and, as shown in figure 4 (1500 

GMT), easterly at Quiparado and southerly at the inland sta

tions. However, shortly after the tetroon release, the sur

face winds became steady from the southwest at Alto Curiche. 

Furthermore, approximately 90 min after release (1630 GMT), 

the surface winds shifted to southwest at Quiparado and tem

perature decreased several degrees. That these temperature 

and wind changes occurred when the land areas were beginning 

to heat and the changes were not yet being experienced at 

the inland stations leads to the conclusion that a sea breeze 

was moving inland from the Pacific. 

At 1645 GMT, while the surface winds were shifting to 

southwesterly over the coastal areas, the tetroon continued 

to float westward at 3000 ft. This indicates that the inland 

southwesterly flow of the sea breeze had not reached the 

tetroon's altitude. However, shortly afterward (1700 GMT), 

the tetroon started moving in southeasterly flow, which sug

gests that it was in a transition zone between the upper 

northeasterly flow and the lower southwesterly flow of the 

sea breeze. The tetroon finally started northeastward toward 

the coast in the southwesterly flow of the sea breeze at 
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approximately 1845 GMT, as shown in figure 5 and by the tet

roon velocities in figure 6. Approximately 6 hr after release 

(2100 GMT), the tetroon was once again over land floating in 

the west-southwesterly flow at 8 knots. 

While the southwesterly flow was gradually increasing 

in depth over the ocean, the sea breeze was extending farther 

inland. By 1900 GMT, the southwesterly flow had progressed 

to Teresita, about 15 miles from the Pacific coast. By late 

afternoon (2100 GMT), the sea breeze had passed Salaqui, 

which is approximately 35 miles inland from the Pacific. As 

the sea breeze moved inland it induced showers, and rain was 

reported at most of the stations. It is possible that the 

rain-cooled air associated with these showers reinforced the 

sea breeze front as it moved inland. 

By early evening (0000 

GMT), southerly surface winds 

at 5 to 10 knots prevailed at 

both the coastal and inland 

stations, while the upper 

wind sounding at Alto Curiche 

showed that the southwesterly 

winds extended up to 3500 ft. 

These surface-layer southerly 

winds continued until about 

0600 GMT (November 15), when 

once again winds were light 

northeasterly at the coastal 

stations and light and vari

able at the inland stations. 

TETTOON TRACK 

Figure 5. Five-minute interval 
plot of tetroon trajectory 
(November 14, 1968). 
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Figure 6. Five-minute interval plot of tetroon altitude. Hour
ly plot of surface wind at Quiparado (November 14, 1968). 

Case III - October 27, 1968. In many cases, as already 

exemplified by the November 14, 1968, and October 18, 1967, 

data, precipitation is associated with the Pacific sea breeze. 

Normally showers are set off along the northeastward-moving 

sea breeze front, and then they drift toward the west with 

the upper easterly winds while rapidly dissipating. The 

rain-cooled air associated with this precipitation becomes 

an additional source of cool air to fortify the inland move

ment of the southwesterly flow. Therefore, it is possible 

that the Pacific sea breeze front can propagate across the 

Isthmus. 

Often, a broken or solid line of showers and thunder-

showers develops along the sea breeze front, as shown in 

figure 7. The 3-cm radar echoes shown in the diagram repre

sent, for practical purposes, precipitation falling to the 

ground. The position of the sea breeze front was located by 

surface wind and temperature data, radar echoes, and con

tinuity. 
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Figure 7. Pacific sea breeze frontal position in relation to 
radar echoes at 1930 GMT, October 27, 1968. (See figs. 8 
and 9). 

On October 27, 196 8, a large area of nocturnal and 

early morning rainfall over the Pacific provided a source of 

cool air for the formation of a sea breeze, which passed the 

coastal stations of Alto Curiche and Quiparado around mid

morning (1530 GMT), but apparently stalled a few miles inland 

until approximately 1730 GMT. At this time, showers were 

first noticed developing along the front. By 1830 GMT, the 

sea breeze front, easily defined by 10 to 15°F temperature 

differentials, moved slowly inland again and showers formed 

rapidly along it. By midafternoon (1930 GMT), a broken line 
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of showers and thundershowers (fig. 7) with tops measured to 

40,000 ft developed along the front, which was moving inland 

at approximately 6 knots. Winds behind the front were south

westerly 10 to 12 knots, while winds ahead of it were light 

and variable except gusty in the immediate vicinity of show

ers. After the front passed Teresita, about 2000 GMT, it 

apparently accelerated across the Atrato Swamp and passed 

Salaqui by 2130 GMT. 

Some structures typical of the showers associated with 

the sea breeze are shown in figures 8 and 9. The relative 

intensities and approximate heights of the radar echoes within 

the dashed box of figure 7 are shown in figure 8. A vertical 

cross section, figure 9, shows the approximate frontal posi

tion, terrain, and vertical extent of the radar echoes from 

point A to point B in the dashed box of figure 7. 

Figure 3. Relative intensity and vertical extent of radar 
echoes within the dashed box of figure 7, 
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Figure 9. Vertical cross section of radar echoes, frontal 
zone, and terrain from points A to B in figures 7 and 8. 

Because of the lack of stations beyond Salaqui, how 

far inland the October 27 sea breeze penetrated is unknown. 

However, in similar situations, the front has been observed 

to progress all the way to the Gulf of Uraba. In fact, the 

Pacific sea breeze front, under very unstable atmospheric 

conditions, may initiate the chocosana, which is a rather 

intense line of thunderstorms with strong winds that moves 

from the southwest across the Atrato swamp towards the Gulf 

of Uraba during late afternoons (List et al., 1970). 
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The frequencies of occurrence and average arrival 

times of the Pacific sea breeze at inland stations are summa

rized in table 2. Sea breeze frontal passages were determined 

on the basis of wind shifts, temperature changes, precipi

tation occurrences, continuity, and, in some cases, radar 

echo distribution. 

The data in table 2 indicate several interesting fea

tures of the Pacific sea breeze. The lowest frequency of 

occurrence of this sea breeze existed in February, and the 

highest frequencies were in June and October. The breeze 

arrived latest in the day during February and the earliest 

in Jione. Quiparado, Colombia, located about 5 miles inland 

from the Pacific, experienced a sea breeze almost every day 

except in the dry season (January-March). In contrast, 

Boca Grande, Panama, also located near the coast but about 

90 miles north of Quiparado, experienced much lower frequen

cies of occurrence and later arrival times throughout most 

of the year than did Quiparado. The Pacific sea breeze is 

generally more pronounced in Colombia than in Panama. 

Case IV - January 20, 1968. The depth of the Pacific 

sea breeze over land usually varies from 3000 to 5000 ft. In 

some cases, the sea breeze southwesterlies extend up to nearly 

10,000 ft; but this situation occurs primarily in the vicinity 

of rain showers induced by the sea breeze. Thus, since the 

depth of the sea breeze tends to be greater when sea breeze 

induced rain showers occur, the maximum vertical depths are 

usually observed during the rainy season. In contrast, the 

vertical extents of the sea breezes average about 3000 ft 

during the dry season, when relatively few sea breeze induced 

rain showers occur. 
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Table 2. Frequenay of Ooourrenoe and Average Arrival 
Time of the Paaifia Sea Breeze Front 

Month 

February 

April 

June 

August 

October 

December 

February 

April 

June 

Augus t 

October 

December 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

Boca Grande 

29 
1900 

73 
1830 

93 
1800 

87 
1830 

100 
1730 

52 
1830 

Quiparado 

84 
1830 

97 
1800 

100 
1430 

100 
1600 

100 
1500 

100 
1730 

PANAMA 
Lagrimas 

0 

31 
2030 

* 
* 

47 
1900 

100 
1930 

* 

COLOMBIA 

Teresita 

64 
2100 

79 
2030 

97 
1630 

100 
1900 

100 
1700 

100 
2000 

Summit 

0 

9 
* 

61 
2130 

* 

91 
2130 

10 
2300 

Salaqui 

0 

44 
2230 

92 
2000 

68 
2130 

97 
2000 

48 
2230 

a frequency of occurrence (%) 
b average arrival time (GMT) 
* missing or incomplete data 

20 



An example of such a dry season Pacific sea breeze oc

curred on January 20, 1968, when the prevailing northeasterlies 

were well established in the lower levels with northeasterly 

surface winds of 8 to 10 knots reported across the Isthmus 

during the morning. It was not until midafternoon, shortly 

before 1900 GMT, that the southwesterly Pacific sea breeze 

was observed at Alto Curiche, 2 miles inland. This sea breeze 

did not reach Quiparado (about 5 miles inland) until 19 30 GMT, 

indicating that the breeze was moving very slowly inland during 

the afternoon. As a result of this slow inland penetration, 

the sea breeze affected only the immediate Pacific coastal 

areas, 5 to 15 miles inland. Northeasterly winds continued 

over most of the Isthmus through the entire day. 

A tetroon was launched from Alto Curiche at 19 00 GMT 

shortly after the sea breeze began, but before the onset of the 

breeze at Quiparado. As shown in figures 10 and 11 the tetroon 

ascended through sea breeze southwesterly winds until it 

reached about 2000 ft. Above 2000 ft, it drifted westward. 

For approximately 25 min, it continued west at 3 to 6 knots 

in the offshore flow at about 2200 ft; however, at 19 40 GMT 

it began moving with light southerly flow, apparently because 

the depth of the sea breeze increased to the tetroon's alti

tude. After 19 55 GMT, the tetroon again floated inland in 

the sea breeze. Possibly due to the combined effects of 

terrain and the relatively cooler sea breeze air (see figs. 

10 and 11), the tetroon's altitude fluctuated erratically 

from 1955 GMT until it collided with the jungle canopy at 

2100 GMT. 

3.3.2 Orographic Influences 

Orography and vertical stratification of the air pro

duce a multitude of sea-breeze structures. If the land is 

hilly, the sea breeze can be reinforced. Because the heat 
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source is raised, the temperature difference between the air 

over land and the mixed subcloud layer over the sea can in

crease (Riehl, 1954). Thus, the rise of the land can help 

to stimulate and maintain the sea breeze. 

Mean-rainfall maps published for many tropical regions 

attest the importance of the semipermanent areas of ascent 

and descent created by the hills and mountains (Riehl, 19 54). 

This is reflected in the high frequency of afternoon showers 

over the higher terrain in the study area. The following case 

illustrates the influence of orography in the creation of 

areas of ascent and descent in the low-level wind flow. 

Figure 10. Five-minute interval plot of tetroon trajectory. 
(January 20^ 19 68). 
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Figure 11. Five-minute interval plot of tetroon height vs. 
time (January 20j 1968). 

Case I - December 29, 19 66. The Soskatupu upper wind 

sounding at 1200 GMT December 29, 1966 (fig. 12), showed 

north-northeasterly winds at 7 to 13 knots from the surface 

to 4000 ft. Wind direction veered with height from north-

northeasterly to easterly in the layer from 4000 to 6000 ft. 

Winds at 6000 and 7000 ft were easterly at 15 knots. 

A tetroon was released from Soskatupu at 1332 GMT. A 

5-min interval plot of tetroon height vs. range is shown in 

figure 12. Approximate terrain elevation is indicated. As 

the tetroon ascended to 3000 ft it moved with northerly winds 

at 8 knots. From 3000 to 4000 ft, wind directions veered to 

easterly and speeds increased from 8 to 16 knots. By 1400 GMT, 

the tetroon had reached nearly 6000 ft. From 1400 to 1415 GMT, 
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It descended to 4000 ft just leeward of the Continental Divide. 

While It was within the layer from 4000 to 5000 ft, it moved 

with an east-northeasterly \yind At 28 knots. We believe 

that the increase in wind speed from 16 to 2 8 knots may have 

been influenced by cumulonimbus, towering cumulus, and 

rainshowers observed over the Continental Divide west of 

Soskatupu. Apparently the anomalous wind speeds were local

ized in the vicinity of the Continental Divide. The Soskatupu 

upper wind soundings at 1200 and 1800 GMT (fig. 12) show speeds 

ranging from 5 to 12 knots at 4000 and 5000 ft. As the tet

roon moved away from the Continental Divide it gradually as

cended and reached a mean flight altitude of 7000 ft by 

1445 GMT. 

SOSKATUPU SOSKATUPU 
WINDS WINDS 

29I800Z 20 V 16 12 8 4 0 29I200Z 

16 12 8 4 0 
DISTANCE (NM) 

Figure 12. Five-minute interval plot of tetroon height vs. 
range. Soskatupu upper wind soundings at 1200 and 1800 
GMT are indicated. 
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3.3.3 Precipitation Influences 

As indicated by surface observations, convective-type 

rain is frequent over the Isthmus and adjoining oceans. These 

rainshowers are most often the result of horizontal conver

gence (both large scale and local scale) and orography. Such 

factors as the depth of the moist layer and the vertical sta

bility govern the extent and intensity of showers. As showers 

are induced, anomalies in the general wind pattern appear 

in their immediate vicinity due to both the vertical and the 

horizontal wind currents associated with the showers. Often, 

downdrafts of rain-cooled air, which spread over the surface, 

provide a mechanism for further convective development. As 

this occurs, perturbations in the general wind flow are ob

served over a larger area. 

To have sampled rainshower-induced wind perturbations 

properly, a rather dense network of stations would have been 

required. Since this was impractical, tetroons that approached 

rainshowers became the primary source of data. The main limit

ation of the tetroon data was that the tetroons often entered 

the nearby showers and, as a result, rapidly descended to 

the ground due to the extra weight of the precipitation. A 

further limitation was that simultaneous weather surveillance 

radar data were not always available to relate with pertur

bations in the tetroon trajectories. Although it was often 

known that a particular tetroon was in the vicinity of a 

shower, the location, extent, and movement of the shower 

were not known. As a result of these limitations, only a 

few examples of wind flow in the vicinity of rainshowers were 

collected. Although these examples give little idea of the 

total wind flow near showers, they do point out its complexity. 

Case I - October 24, 1967. Analysis of tetroon data 

and simultaneous radar data collected on October 24, 1967, at 

Pidiaque shows anomalies in the general wind flow pattern in 
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the vicinity of rainshowers. The tetroon launched at 1900 GMT 

stabilized near 7500 ft. The winds at this level were north

easterly (060°) at 10 to 12 knots about an hour before the 

tetroon was released. Around 19 30 GMT, the tetroon's move

ment indicated that the winds were still northeasterly (060°) 

but had diminished to 6 to 8 knots. 

At 2000 GMT (fig. 13), the tetroon, floating in the 

northeasterly flow, was only about a mile northwest of a 

small rainshower that had formed on the windward side of a 

range of hills. By 2010 GMT it began to move away from the 

rainshower in a more westerly direction, and by 20 20 GMT was 

well away from the shower and moving in easterly flow (110°/4 

knots). 

Meanwhile, additional showers, which were 10 to 15 

miles west-southwest of Pidiaque at 2000 GMT, had begun moving 

northeast or toward the tetroon. At 20 30 GMT, they were only 

a couple of miles west of the tetroon, when the tetroon once 

again moved in northeasterly flow (0 30°/3 knots) almost par

allel to the eastern edge of the precipitation area. Even 

though the tetroon's course had been altered and it was appar

ently floating at the edge of the rainshower instead of direct 

ly into the shower, it seemed to be on the verge of being 

rained down at 20 40 GMT. However, the rainshower began to 

dissipate, as shown by changes in the radar echoes from 2040 

to 20 50 GMT. Instead of being drawn into the rain area, the 

tetroon continued southwest along the edge of the shower. By 

2110 GMT, most of the showers had dissipated and the tetroon 

continued toward the southwest. 

Although this tetroon was in the immediate vicinity 

of showers from 2000 to 2110 GMT, its altitude remained rela

tively stable. During this period, its sharpest oscillation 

in height (7500 to 8100 ft) occurred about 20 20 GMT, when it 

was drifting away from the first shower it encountered. 
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Figure 12. Ten-minute interval time series of radar echoes. 
Tetroon positions denoted by triangles and previous trajec
tory by pulses (October 24^ 1967). 
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Case I I - February 22, 1968. In another instance, s i 
multaneous weather surveil lance radar data and tetroon data were 
obtained on February 22, 1968. For several weeks, r e l a t i ve ly 
strong northeaster ly winds had pers is ted from the surface to 
20,000 f t ; however, on the morning of February 22, nor theas ter 
l i e s existed only above 15,000 ft and l i g h t , var iable winds 
characterized the lower l eve l s . Conditions were favorable 
for rainshowers that day. 

A tetroon was launched from Loma Teguerre a t 1350 GMT, 
and by 1435 GMT i t had s t ab i l i zed near 4000 f t . Since the winds 
a t 4000 ft had been westerly (260°/4 knots) 3 hr e a r l i e r , the 
tetroon was expected to d r i f t eastward; however, i t dr i f ted 
west in l i gh t eas te r ly flow at 4000 f t , as shown in figure 14. 

Figure 14. Tetroon trajectory and radar echoes at 10-dB inter
vals of attenuation (February 22, 1968). 
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The tetroon maintained a relatively stable altitude from 14 35 

GMT until 1610 GMT (fig. 15). However, after 1610 GMT, its 

altitude fluctuated with a maximum upward displacement of 

approximately 2000 ft. These fluctuations began at about the 

time the tetroon left the swampland and started floating over 

mountainous terrain. Thus, the vertical oscillations after 

1610 GMT could have been induced by wind flow over the moun

tains or the relatively greater convective currents over the 

jungle-covered mountains. As the tetroon started over the 

mountains, orographically induced rainshowers began develop

ing. By 1650 GMT, an area of showers had developed 3 to 4 
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Figure IS. Five-minute interval plot of tetroon altitude 
(February 22, 1968). 
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miles northwest of the tetroon. Therefore, part of the ver

tical oscillations of the tetroon may be attributed to the 

wind currents near these showers. 

As the showers to the northwest of the tetroon inten

sified, it deviated from its westward movement and moved to

ward the showers (fig. 14). It was only a few hundred yards 

from the precipitation area by 1750 GMT. It seemed that the 

tetroon would soon enter the precipitation and, therefore, 

descend rapidly. However, as it approached the rainshowers, 

the eastern edge of the precipitation area moved abruptly 

westward; thus, it was spared temporarily. Note the sudden 

ascent of the tetroon from 3800 ft to slightly over 6000 ft 

at about 1750 GMT, the time the tetroon was on the verge of 

entering the showers. After its short lived flight at 6000 ft, 

it returned to 4000 ft and continued to move toward the rain

showers. At 1850 GMT, or 1 hr after the tetroon had initially 

approached the precipitation, it finally entered the rain and 

descended rapidly (fig. 14). In this instance, there were 

no significant ascents of the tetroon as it approached the 

rainshower. 

3.3.4 General Effects 

Thus far, the examples have illustrated the influences 

of diurnal wind variations, orography, or areas of precipi

tation. In reality and on a day-to-day basis, both synoptic 

and local scale features can combine to determine space and 

time variations in the low-level wind flow. 

An important synoptic scale factor influencing the low-

level wind flow is the position of the Intertropical Conver

gence Zone (ITCZ) in relation to the Isthmus at a particular 

time of year. From May through November (rainy season), the 

zone of maximum convergence is found either over or north of 

the area (List et al., 1969; List et al., 1970). When the 

ITCZ lies over the Isthmus, the convergence between the 
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northerly trades and the southerly trades may be reinforced 

during the day by convergence between the Atlantic sea breeze 

(northerly flow) and the Pacific sea breeze (southerly flow). 

When the ITCZ is north of the Isthmus, a Pacific sea breeze 

reinforces the prevailing southerly flow whereas an Atlantic 

sea breeze must overcome the southerly flow. 

When the northeast trades dominate the low-level flow 

from January through April (dry season), the zone of maximum 

convergence is south of the area. In this case, the Atlantic 

sea breeze reinforces the prevailing northeasterly trades and, 

as a result, one notes only a gradual strengthening of wind 

speed during the morning and early afternoon. On the other 

hand, a Pacific sea breeze must overcome the prevailing north

easterly trades during the dry season. 

Several factors influence the time of formation, in

tensity, vertical extent, inland penetration, and duration of 

a sea breeze. Important factors are the direction and speed 

of the wind associated with the general flow pattern. When 

the wind speed opposing the sea breeze exceeds 12 to 15 knots, 

development of a sea breeze is unlikely (Riehl, 1954). Size 

of the heat source or area of insolation has an important in

fluence on a sea breeze. Surface insolation and radiation 

vary with the amount, height, and vertical extent of clouds 

over the area. Land and sea breezes are better developed with 

clear than with cloudy skies. 

Case I - December 1966 to February 1967. The latter 

part of December usually marks the beginning of the dry 

season in eastern Panama and northwestern Colombia. This is 

the time that the ITCZ begins to move to a position south of 

the area. The northeast trades dominate the low-level flow 

from January through April, which is the dry or, more appro

priately, the less rainy season. 

Nine tetroon trajectories, which originated from the 

area of Route 17 (Panama) from December 19, 1966, through 
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February 27, 1967, are shown in figure 16. All of the trajec

tories were at the 8000 ft level. Since the tetroons were re

leased from either the Pidiaque or the Soskatupu weather sta

tion at about the same time of day on the dates shown, the 

1500 GMT positions were chosen as points of origin for the 

trajectories. 

Fifteen-minute interval tetroon positions (no heights) 

were obtained from the air search radar (Canal Zone). The 

duration of the trajectories ranged from 3 hr to nearly 12 hr. 

A composite map of the nine trajectories (fig. 16) 

indicates that the tetroons moved with winds that varied from 

easterly to north-northeasterly. The tetroons released on 

December 19 and on February 13 moved with north-northeasterly 

winds. The one released on December 29 moved with an easterly 

wind initially and then with an east-northeasterly wind until 

230 0 GMT. In general, those released on January 3, January 9, 

and February 23 moved with northeasterly winds. Fortunately, 

these three tetroons could be tracked long enough to obtain 

trajectories that transited the Gulf of Panama. Each tra

jectory terminated over or very near the Peninsula de Azucar. 

The hourly positions of the tetroon released on Feb

ruary 27 show rather pronounced cyclonic curvature of the 

trajectory. Initially, this tetroon moved with an easterly 

wind; however, it moved with a northerly wind after 4 hr of 

travel time. Another example of a trajectory that curved 

cyclonically is that of February 16. Again, the initial move

ment was with an easterly wind. After 5 hr of travel time, the 

movement was with a north-northeasterly wind. The two trajec

tories that curved cyclonically contrast to the near-constant 

trajectory of the tetroon released on December 19. 
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Figure 16. Nine tetroon trajectories originating on Route 17 
(Panama). 
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The trajectories of the tetroons released on December 

29 and on January 5 have certain interesting features in 

common. Both were nearly constant from 1500 GMT until approx 

imately 2300 GMT (from 1000 LST to 1800 LST). During this 

time, the tetroons moved with northeasterly to east-north

easterly v/inds; however, at about the time of local sunset, 

they were more or less "becalmed" for about an hour and after 

sunset, moved with northerly winds. These same or similar 

phenomena were observed on several occasions in both the dry 

and wet seasons. 

The trajectory of the tetroon released from Soskatupu 

on December 29 is shown again in figure 17 and compared with 

another trajectory. At 0000 GMT (December 30) the tetroon 

was some 35 miles south-southwest of Albrook Air Force Base 

(AFB), in the Canal Zone. The Albrook 0000 GMT upper wind 
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Figure 17. Tetroon trajectories (Soskatupu, December 29-30, 
1966; Pidiaque, November 7-8, 1967). 
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Figure 18. Albrook AFB 
upper winds, 0000 GMT. 

observation showed an east-

northeasterly wind of 15 knots 

at 8000 ft (fig. 18). However, 

winds at 6000 and 4000 ft were 

northeasterly at 6 to 8 knots. 

The wind at 2000 ft was north-

northeasterly at 6 knots, and 

the surface wind was northwest

erly at 3 knots. The 8000 ft 

wind reported at Albrook AFB 

agrees with the east-northeast

erly wind computed from the 

2200 and 2 300 GMT tetroon positions. Thus we believe that 

the tetroon remained at an altitude near 8000 ft until 2300 

GMT. If we assume that the tetroon descended after 230 0 GMT, 

the winds computed from the tetroon positions generally agree 

with the winds at Albrook (fig. 18). 

The trajectory (at 8000 ft) of a tetroon released from 

Pidiaque on November 7, 1967, is also shown in figure 17. From 

1429 GMT until 2200 GMT, the trajectory was near-constant, in 

that the tetroon moved with an east-northeasterly wind; how

ever, shortly after 2200 GMT, it moved with a north-north

westerly wind until 0130 GMT (November 8), when its echo faded 

from the radar scope. 

Shortly after 2000 GMT (1500 LST), weak, isolated pre

cipitation echoes were observed near the tetroon position. By 

00 30 GMT (19 30 LST), an area of rather strong precipitation 

echoes was located some 10 to 15 miles west of the tetroon 

(fig. 17). In this particular case, indirect evidence indi

cates that the tetroon may have entered an area of precipitation 

sometime after 2000 GMT and, possibly, descended because of 

accumulated water. 
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The trajectories of November 7-8, 1967 (tetroon released 

from Pidiaque), and of December 29-30, 1966 (tetroon released 

from Soskatupu), are shown on the same map to outline certain 

common features. From midmorning until late afternoon both 

tetroons moved with near-constant east-northeasterly winds. 

However, after sunset, they moved with northerly winds. An

other example that displays a similar low-level wind pattern 

follows. 

Case II - January 15, 1968. On January 15, 196 8, a 

tetroon was released from Loma Teguerre at 1300 GMT. A 5-min 

interval plot of height vs. time (fig. 19) shows that the 

tetroon reached a mean flight altitude near 10,000 ft at 1400 

GMT. From this time until 1550 GMT, it moved with a near-

constant easterly (080°) wind of 12 knots and at 1550 GMT, was 

positioned 25 n miles west-southwest of Loma Teguerre (fig. 20) 

After this time, it was no longer possible to track the tet

roon on the height-finding radar at Loma Teguerre. 
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Figure 19. Five-minute interval plot of tetroon height 
(January 15, 1968). 
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Figure 20. Tetroon trajectories on January 15, 1968. 

It was not until 1800 GMT that the tetroon was acquired 

on the air search radar in the Canal Zone, when it was posi

tioned 136 n miles southwest of the Canal Zone radar. Fif

teen-minute interval tetroon positions (no heights) obtained 

on the air search radar are shown in figure 20. The tetroon 

continued to move with a near-constant easterly wind until 

2230 GMT; however, during the half-hour from 2300 to 2330 GMT, 

the tetroon moved with northerly winds. It was impossible to 

track it after 2 330 GMT. In summary, the tetroon moved with 

a near-constant easterly wind from midmorning until late 

afternoon when, at about local sunset, it commenced to move 

with northerly winds. 

On this same date (January 15, 19 6 8), a tetroon was 

released from Alto Curiche at 1435 GMT. A 5-min interval plot 

of height vs. time (fig. 19) shows that the tetroon reached a 

mean flight altitude near 9000 ft at 1510 GMT. From this time 
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until 1710 GMT it moved with an easterly wind at 12 to 15 knots. 

Heights varied between 8600 and 9200 ft during these 2 hr. 

Between 1710 GMT and 1830 GMT the tetroon descended to about 

7800 ft. During this time it continued to move with an east

erly wind at 11 to 12 knots. The near-constant trajectory 

(from 1505 to 1830 GMT) is shown in figure 20. 

Case III - February 16, 1967. A tetroon was launched 

from Pidiaque at 1344 GMT and reached an altitude near 5000 ft 

h, hour later. Position and height were obtained at 5-min in

tervals until 1539 GMT, when it was 44 miles southwest of the 

station. A 5-min interval plot of tetroon height vs. time 

showed a mean flight altitude of 5500 ft with deviations of 

300 ft from the mean. Fifteen-minute interval tetroon posi

tions (no heights) were obtained from the air search radar 

(Canal Zone) from 1540 GMT until 1700 GMT. 

The 5000 ft streamline pattern for 1200 GMT (upper, 

fig. 21) shows that wind directions at Albrook and Soskatupu 

were north-northeasterly, while the direction at Pidiaque was 

more northeasterly. The streamlines indicate slight anti-

cyclonic curvature in the vicinity of the Continental Divide, 

which nearly parallels the Atlantic coastline near Soskatupu. 

Wind speeds ranged from about 15 knots at Albrook and Soskatupu 

to 21 knots at Pidiaque. At 1500 GMT, the tetroon was 30 

miles southwest of Pidiaque (upper, fig. 21), just off the 

coast, and moving with a northeasterly wind at 26 knots. 

The tetroon was last positioned over the Pacific at 

1700 GMT, when it was 84 miles southwest of Pidiaque, moving 

with a northeasterly wind at 27 knots. The 1700 GMT position 

and the computed wind are shown on the 1800 GMT streamline 

pattern (lower, fig. 21). The streamline pattern shows little 

curvature over the entire area. Wind directions at stations 

on the Isthmus varied between 0 20° (Soskatupu) and 0 40° 

(Albrook). Reported wind speeds at 5000 ft varied from 9 knots 
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1800 GMT 

Figure 21. Five-thousand ft streamlines at 1200 and 1800 GMT 
(February 16, 1967). 
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(Soskatupu) to 14 knots (Pidiaque) which is one-third to one-

half of the computed tetroon speed, 27 knots at 1700 GMT, 

when the tetroon was some 40 miles from the Pacific coastline. 

The trajectory of the tetroon was nearly constant. It moved 

with a northeasterly wind (040°) at 23 to 27 knots. Differ

ences of this nature emphasize the need for low-level wind 

data over the ocean and for more frequent wind observations. 

On this same day, a tetroon was launched from Soskatupu 

at 1329 GMT inflated for a flight level of 8000 ft. After 

release it moved south-southwestward over the Continental 

Divide, entered a rainshower, and descended because of accu

mulated water on the tetroon and radar reflector. It may 

have descended and ascended because of vertical motions near 

the Continental Divide. Consequently, the last measured 

altitude from the Soskatupu radar was 3900 ft at 1354 GMT. 

We believe, however, that the tetroon actually reached its 

intended flight level of 8000 ft by 1430 GMT. Fifteen-minute 

interval positions were obtained from the air search radar 

(Canal Zone) from 1437 GMT until 2200 GMT. 

The 8000 ft streamline pattern for 1200 GMT (upper, 

fig. 22) shows that northeasterly (050° - 060°) winds pre

vailed over the Isthmus at that time. Note that reported 

wind speeds at Soskatupu (17 knots) and at Pidiaque (13 knots) 

were stronger than the reported speed at Albrook (8 knots). 

At 1800 GMT, the tetroon was offshore, some 35 miles 

west-southwest of Pidiaque and was moving with a northeast

erly wind at 13 knots. This information (tetroon position 

and computed wind) was used in the analysis of the stream

line pattern for 1800 GMT (center, fig. 22). No appreciable 

curvature of the streamlines is indicated. 

The tetroon was last observed over the Pacific at 

2200 GMT. At that time, it was 82 miles southwest of Pidiaque 

and 6 8 miles south-southwest of Albrook AFB and was moving 
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Figure 22. Eight-thousand ft streamlines at 1200, 1800 GMT 
(February 16), and 0000 GMT (February 17, 1967). 
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with a northeasterly wind at 14 knots. The 2200 GMT position 

and wind are shown on the 0000 GMT (Feb. 17) streamline 

pattern (lower, fig. 22). Wind directions at Pidiaque (080°) 

and Soskatupu (070°) had become more easterly since 1800 GMT, 

yet northeasterly winds prevailed in the vicinity of the 

tetroon (040°) and at Albrook (050°). The streamline analy- < 

sis shows some cyclonic curvature of the streamlines just off* 

the Pacific coast. 

The trajectory of the tetroon was nearly constant from 

1500 GMT to 1900 GMT; i.e., the tetroon moved with an east-

northeasterly wind (060° - 080°) between 13 and 15 knots. 

During the 3-hr track after 1900 GMT, the trajectory showed 

cyclonic curvature, as the tetroon began moving with a more 

northeasterly (030° - 040°) wind. Wind speeds during this 

time varied between 9 and 14 knots. 

Case IV - February 23, 196 7. A tetroon launched from 

Soskatupu at 1340 GMT, February 23, 196 7, provided the longest 

trajectory obtained by the project and is an example of nearly 

unperturbed northeasterly flow. 

A 5-min interval plot of tetroon height vs. range 

(lower, fig. 23) shows that the tetroon reached a mean flight 

altitude near 8000 ft. As it crossed the Continental Divide 

it reached an altitude near 8600 ft; however, as it moved 

downwind from the Divide, it descended to about 8000 ft. 

Fifteen-minute interval tetroon positions (no heights)• 

were obtained from the air search radar (Canal Zone) from 

1530 GMT until 0220 GMT, February 24, 1967. This tetroon was' 

tracked for 12 hr and for 180 miles. Hourly positions are 

shown in figure 23 (upper). Table 3 lists the hourly wind 

velocities that were computed along the track. Before 2100 

GMT, the trajectory of the tetroon was nearly constant, in 

that it moved with an east-northeasterly (057° - 074°) wind 
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23-24, 1967). 

43 



Table 3. Hourly Wind Velocities (at 8000 ft) Along Tetroon 
Trajectory, February 23-24, 1967 

Time 
(GMT) 

1500 

1600 

1700 

1800 

1900 

2000 

From 
Direction 
(deg) 

073 

074 

061 

064 

065 

Speed 
(knots) 

12 . 

12 

14 

13 

13 

Time 
(GMT) 

2000 

2100 

2200 

2300 

24/0000 

0100 

0200 

From 
Direction 
(deg) 

057 

061 

055 

048 

037 

043 

Speed 
(knots) 

15 

15 

16 

17 

20 

19 

between 12 and 15 knots. After 2100 GMT, the tetroon moved 

with a northeasterly (037° - 061°) wind between 15 and 20 

knots. 

Case V - July 10, 1967. On July 10, 19 67, a tetroon 

was launched from Pidiaque at 1419 GMT. A 5-min interval 

plot of tetroon height vs. range (fig. 24) shows that the 

tetroon reached a mean flight altitude near 7000 ft at 1500 

GMT. Although the terrain elevations are not shown, we 

believe that the deviations in the tetroon heights occurring 

about 1600 GMT can be explained by the tetroon being in the 

immediate vicinity of a mountain peak (elevation, 4720 ft). 

Fifteen-minute interval tetroon positions (no heights) were 

obtained from the air search radar (Canal Zone) from 1515 

GMT until 2230 GMT. 
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The 7000 ft streamline pattern for 1200 GMT (fig. 25) 

shows that easterly to east-northeasterly winds at 10 knots 

or less prevailed over the Isthmus at this time. 

Starting from the 1500 GMT tetroon position and using 

the 7000 ft wind reported at 1200 GMT (Pidiaque), a trajectory 

was forecast for the next 3 hr. The forecast trajectory and 

the actual trajectory are shown in figure 25. After the first 

hour, the tetroon's position was 6 n miles north-northwest 

of the forecast position. At 1800 GMT (3 hr elapsed time) its 

position was 17 miles north-northwest of the forecast posi

tion. In this particular case, there is a vector difference 

of approximately 6 knots between the reported wind at 1200 

GMT and the actual wind over tlie 3-hr period from 1500 to 

1800 GMT. If this vector error is compounded for even a 

few hours, rather sig

nificant differences 

can be expected between 

forecast trajectories 

and actual trajectories. 

The 7000 ft stream

line pattern for 1800 

GMT is shown in figure 

26. At this time the 

tetroon was very near 

the Pacific coast mid

way between Pidiaque 

and Albrook and was 

moving with an east-

southeasterly wind at 
Figure 24. Five-minute interval -, n , ^ a_ ^.i. 

t . J, . . 7J.-J.J 10 knots; yet, the 
plot of tetroon altttude vs. -' 
range. wind at Albrook was 

RANGE-NAUTICAL MILES 
« • 10 I I 14 

9^* J 

\/ 

ALL TIMES GMT 
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1200 GMT STREAMLINES 

Figure 25. Seven-thousand ft streamlines. Tetroon positiom 
are denoted by triangles. Three-hour forecast positions 
are denoted by crosses. 
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east-northeasterly at 10 knots. Wind speeds at Pidiaque and 

Soskatupu were 15 knots. The reported wind at Alto Curiche 

was onshore from the south-southwest at 2 knots, whereas a 

light offshore wind had been reported 6 hr before. 

A rather significant change in the flow pattern at 

7000 ft is noted when the streamline patterns for 1200 and 

1800 GMT are compared; specifically, the flow along the 

Pacific coastline and just offshore became more cyclonic 

during this 6 hr period. This is further substantiated by 

the tetroon trajectory data. 

78* 77* 

Figure 26. Seven-thousand ft streamlines. 
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At 2115 GMT, the tetroon was about 15 miles southwest 

of Albrook, and entering the eastern edge of a northeast-

southwest oriented pattern of rainshowers. In all probability, 

it accumulated water and descended, since the trajectory termi

nated at 2230 GMT. 

Case VI - July 13-14, 1967. In this case the use of 

the tetroon data provided a better definition of the flow 

over the Isthmus; otherwise, the actual trajectory at the 

7000 ft level could not have been detected from 6-hourly 

synoptic (1200 and 1800 GMT) data reported at the three upper 

wind sounding stations (Albrook, Pidiaque, and Soskatupu). 

A tetroon was released from Soskatupu at 13 30 GMT, 

July 13, 196 7. A 5-min interval plot of tetroon height vs. 

range (upper, fig. 27) shows that it reached a mean flight 

altitude near 7000 ft. Although the approximate terrain 

elevations (along the trajectory) are not shown, we believe 

that the range in tetroon heights from 7300 ft at 1425 GMT 

to 8000 ft at 1440 GMT was the result of vertical motions in 

the vicinity and leeward of the Continental Divide. Indi

cations are that the tettoon maintained a flight altitude 

near 7000 ft after 1530 GMT. Fifteen-minute interval tetroon 

positions (no heights) were obtained from the air search radar 

(Canal Zone) from 1535 GMT until 0215 GMT (July 14). 

The 7000 ft streamlines for 1200 GMT (lower, fig. 27) 

show 10 to 15 knots easterly to northeasterly winds over the 

Isthmus of Panama. By using the 7000 ft streamline at 1200 

GMT for direction and a speed of 15 knots (reported at 

Soskatupu), a trajectory was forecast for the next 3 hr, start

ing from the 1430 GMT tetroon position. The forecast trajec

tory and the actual trajectory are both shown in figure 2 7 

(lower). After the first hour, the tetroon's actual position 

was 6 n miles east-northeast of the forecast position. Based 

on information available at 1200 GMT, which was 2% hrs before 
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Figure 27. Five-minute interval plot of tetroon altitude 
range (upper) and 7000 ft streamline pattern (lower) on 
July 13j 1967. Tetroon positions are denoted by triangl 
Three-hour forecast positions are denoted by crosses. 
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the tetroon reached its flight level, an easterly wind at 15 

knots had been forecast, yet the tetroon moved with an east-

southeasterly wind at 10 knots from 1430 to 1530 GMT. At 

1730 GMT (3 hr elapsed time) the tetroon's position was 18 

miles north-northeast of the forecast position. In this par

ticular case, there is a vector difference of approximately 

6 knots between the reported wind data at 1200 GMT and the 

actual wind, determined from tetroon positions over the 3 hr 

period from 1430 to 1730 GMT. 

The 7000 ft streamline pattern for 1800 GMT is shown 

in figure 28. At that time, the tetroon was 40 miles west of 

Soskatupu and 70 miles east of Albrook moving with an east-

southeasterly wind at 10 knots. Of the three reporting sta

tions, Albrook, Soskatupu, and Pidiaque, not one reported 

winds (at 1800 GMT and at 7000 ft) with a southerly component; 

yet the tetroon data showed a southerly component from 1430 

to 1800 GMT. 

From 1800 to 2100 GMT, the tetroon moved with a south

easterly wind at average speeds from 5 to 7 knots until 00 30 

GMT (July 14). At about that time, the tetroon was about 35 

miles northeast of Albrook (fig. 27, lower) and showed very 

little movement. Small precipitation echoes began to appear 

on the radar scope from 10 to 15 miles northeast of the tet

roon's position. Initially, these echoes were confined to 

the immediate vicinity of the Atlantic coastline; but, within 

an hour the echoes increased in intensity and the precipita

tion area gradually developed toward the southwest. After 

0030 GMT, the tetroon moved with a southwesterly wind at 3 

knots toward the developing radar echoes. The 0150 GMT posi

tion of the rather strong, but isolated echo is shown in 

figure 28. After 0215 GMT, it was no longer possible to 

track the tetroon. 
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Figure 28. Seven-thousand ft streamline pattern for 1800 GMT, 
July 13^ 1967. 

Case VII - October 24-25, 1967. Analyses of the data 

collected during October 24-25, 1967, in Panama and Colombia, 

show a period of transition from northerly flow to southerly 

flow at low levels. As in other instances, the early morning 

southerly flow at the near-surface levels rapidly increased 

in depth later in the day. 
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The Loma Teguerre upper wind sounding at 1200 GMT, 

October 24 (fig. 29), indicates that winds within 1000 ft of 

the surface were light south-southwesterlies. Within the 

layer from 3000 to 9000 ft, wind directions backed with height 

from northeasterly to north-northwesterly. Wind speeds in 

this layer ranged from 5 to 11 knots. 

A tetroon was launched from Loma Teguerre at 1355 GMT. 

A 5-min interval plot of tetroon height vs. range is shown in 

figure 29. As the tetroon ascended to a programmed flight 
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Figure 29. Five-minute interval plot of tetroon altitude vs. 
range. Loma Teguerre upper wind soundings at 1200 and 1800 
GMT are shown (October 24^ 1967). 
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Figure SO. Five-minute inter
val plot of tetroon trajec
tory (October 24, 1967). 

29) indicated general north-

level of 8000 ft, it moved with OJMATEGUERRE 

north-northeasterly to north'^ 

easterly winds at 8 to 10 knots. 

The tetroon remained at a near'-

constant altitude of 8000 ft and 

moved with northerly winds at 

10 to 12 knots from 1450 to 1549 

GMT. At 1549 GMT, the tetroon 

was 17 miles south-southwest 

of the station (fig. 30). It 

was not possible to track it 

after this time because the 

tetroon radar echo faded in 

strong precipitation echoes. 

The Loma Teguerre upper 

wind sounding at 1800 GMT (fig, 

easterly flow at all levels from the surface to 9000 ft. 

Note that the southerly winds found earlier in the near sur

face layer had become northeasterly by this time. 

Near midafternoon (1915 GMT) another tetroon was 

launched from Loma Teguerre. As it ascended from the surface 

to 5000 ft, it moved with southerly winds at 11 to 13 knots 

(fig. 31). These winds contrast with the northeasterly winds 

observed within this same layer less than 2 hr before. As the 

tetroon ascended through the layer from 5000 to 7000 ft, the 

winds backed with height from south-southeasterly to east-

northeasterly. The discontinuity or transition zone between 

southerly component winds in the low levels and northerly 

component winds above was found in the layer between 6000 and 

7000 ft. The tetroon remained at a near-constant altitude of 

8000 ft from 20 25 GMT to 2125 GMT. During this hour, the winds 

backed from east-northeasterly (0 70°) to north-northeasterly 

(020°). Wind speeds ranged from 4 to 6 knots. 
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TETROON HEIGHT VS RANGE 

RANGE (NM) 

Figure 21. Five-minute interval plot of tetroon altitude vs. 
range, Loma Teguerre (October 24, 1967). 

Shortly after 2125 GMT, the tetroon entered an area of 

precipitation and descended. As it descended from 7000 ft to 

6000 ft, the wind shifted from north-northeasterly (0 20°) at 

3 knots to southwesterly (220°) at 6 knots (fig. 31). Below 

6000 ft, the tetroon moved with south-southwesterly winds from 

9 to 17 knots; these winds were similar to those found on as

cent 3 hr before. At 2250 GMT, the tetroon was 13 miles north 

of the station and had descended to 2200 ft. It was not possi

ble to track the tetroon after this time. 

The plan trajectory of this tetroon is shown in figure 

32. As noted above, from the time of launch to 2015 GMT the 

tetroon ascended to 7000 ft and moved with general south-

southwesterly winds. From 2015 GMT to 2155 GMT, it remained 

within the layer from 700 0 to 8000 ft and moved with winds 

that varied between east-northeasterly and north-northeasterly. 

From 2155 GMT to 2250 GMT, the tetroon was below 7000 ft and 

again moved with south-southwesterly winds. Figures 31 and 

32, together, present a clearer view of this complex trajectory. 

54 



On this same day, the Pidiaque upper wind sounding at 

1800 GMT (fig. 33, lower) showed winds backing from south

westerly at the surface to southeasterly at 5000 ft. Winds 

from 6000 to 10,000 ft backed from east-northeasterly to 

north-northeasterly. The separation between southerly compo

nent winds below and northerly component winds above is shown 

as double-dashed lines in figure 33 (lower). 

In the early afternoon, within an hour after the wind 

sounding was made, a tetroon was released from Pidiaque (1900 

GMT). A 5-min interval plot of tetroon height vs. time is 

shown in figure 33 (lower). As the tetroon ascended to 6000 

ft, it moved with south-southwesterly winds at 3 to 6 knots. 

Above 6000 ft, it moved with northeasterly winds of 5 to 8 

knots. 

LOMA TEGUERRE 

Figure 32. Tetroon trajectory (October 24, 1967). 
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Figure 33. Tetroon trajectory (upper) and 5-min interval plot 
of tetroon altitude (lower). Pidiaque upper wind soundings 
at 1800 GMT (October 24) and 0000 GMT (October 25) are shown. 
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The tetroon reached a mean flight altitude near 7600 

ft at 19 35 GMT. From then until 2130 GMT, it moved with 

northeasterly winds at 3 to 7 knots. At 2130 GMT the height 

of the interface between southerly flow and northerly flow 

increased to the tetroon's altitude (fig. 33, lower). Subse

quently, the tetroon descended and moved with southerly winds 

at 2 to 11 knots. At 2245 GMT, it was 9 miles west-northwest 

of the station and below 3000 ft. It was no longer possible 

to track the tetroon. 

The Pidiaque upper wind sounding at 0000 GMT, October 

25 (fig. 33, lower), shows southwesterly winds at 10 to 19 

knots within the lowest 3000 ft and light southerly winds from 

4000 to 8000 ft. At this time, the interface between southerly 

flow and northerly flow was between 8000 and 9000 ft. 

The 3000-, 5000-, and 8000-ft streamline patterns for 

the synoptic times of 1200 GMT and 1800 GMT are shown in figure 

34. At 1200 GMT, wind directions at 3000 ft were northerly at 

Soskatupu and east-northeasterly at Alto Curiche. Slight anti-

cyclonic curvature of the streamlines over the area is indi

cated. Wind directions at 5000 ft were the same at all four 

stations (020°) and speeds ranged from 4 to 10 knots. Winds 

at 8000 ft were northerly. 

Six hours later, wind directions at 3000 ft varied from 

northeasterly at Loma Teguerre to southeasterly at Alto Curiche. 

Streamline convergence between these two stations is indicated. 

Winds at 5000 ft were northeasterly at Soskatupu and Loma 

Teguerre and southeasterly at Pidiaque and Alto Curiche. Winds 

at 8000 ft varied from northerly at Soskatupu to east-north

easterly at Alto Curiche. Slight anticyclonic curvature of 

the streamlines is indicated at 5000 and 8000 ft. Within the 

6 hr period from 1200 GMT to 1800 GMT, the 3000-, 5000-, and 

8000-ft level wind directions veered with time as shown in 

table 4. 
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Figure 34. Streamline patterns for 3000-, 5000-, and 8000-ft 
at 1200 GMT (left) and 1800 GMT (right) on October 24, 1967. 
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Table 4. Angular Changes in Wind Direction From 1200 GMT to 
1800 GMT, October 24, 1967. 

Wind Direction Change At 
Station 3000 ft 5000 ft 8000 ft 

(deg) (deg) (deg) 

Soskatupu 120 40 0 
Loma Teguerre 10 20 40 
Pidiaque 60 100 50 
Alto Curiche 80 80 70 

The 3000-, 5000-, 8000-, and 10,000-ft streamline pat

terns for 0000 GMf, October 25, are shown in figure 35. Winds 

at 3000 ft were southwesterly at all stations. At 5000 ft, 

winds were southerly at Pidiaque and Soskatupu and southwest

erly at Alto Curiche and Loma Teguerre. At 8000 ft, winds 

were southeasterly at Alto Curiche and southerly at Pidiaque 

and Soskatupu; however, the streamlines at 10,000 ft indicate 

northeasterly flow over the area in contrast to the southerly 

flow at the lower levels. 

The 12 hr from early morning (1200 GMT) until early 

evening (0000 GMT) was a transition period from northerly flow 

to southerly from the surface to 800 0 ft. This transition can 

readily be seen by comparing figure 34 with figure 35. 

Case VIII - October 30, 1967. The 1200 GMT upper wind 

sounding at Pidiaque on October 30, 1967, showed west-south

westerly winds at 4 or 5 knots from the surface to near 4000 

ft and very light north-northeasterly winds from 4000 ft to 

8000 ft. 

A tetroon was launched from Pidiaque at 1327 GMT. A 

5-min interval plot of tetroon height vs. time (fig. 36) shows 

that, on ascent, the tetroon moved with a south-southwesterly 

wind at 4 or 5 knots while it was below 5000 ft; between 5000 

and 6000 ft, it moved with a light northeasterly wind. The 
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Figure 35. Streamline patterns for Z000-, 5000-, 8000-, and 
10,000-ft (0000 GMT, October 25, 1967). 
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rather well-defined discontinuity separating the southwesterly 

flow from the northeasterly flow is shown as a double-dashed 

line in figure 36. 

From 1400 to 1600 GMT, the tetroon moved with light 

east-southeasterly winds at 3 or 4 knots. During this time 

it gradually ascended from 6200 to 7000 ft. The programmed 

flight level was 7000 ft. The altitude of the tetroon in

creased rather suddenly from 7000 to 8100 ft just before 1700 

GMT. Then it descended rather suddenly from 810 0 ft to 6000 

ft within a very few minutes and remained between 60 00 and 

7000 ft until 1800 GMT. A reference to the approximate terrain 

elevations along the tetroon trajectory (fig. 36) shows that 

the tetroon was very near a 2000-ft hill when the maximum os

cillations in altitude were occurring. We believe that the 

gradual upslope of the terrain, from a few hundred feet to 

some 2000 ft induced vertical motions in the low-level wind 

flow. 

TETROON OBSERVKTION PIDIAQUE. R P OCTOBER 30. 1967 

BOO J 

Figure 36. Five-minute interval plot of tetroon altitude. 
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Indirect evidence of vertical motions near orographi-

cally induced rainshowers can be deduced by reference to the 

precipitation echoes that appeared on the radar scope at about 

this time. The precipitation echoes within a 30 mile radius 

of Pidiaque at 15-min intervals from 16 57 to 175 7 GMT are shown 

in figure 37. The echoes are located a few miles inland from 

the Pacific coastline, and their northwest to southeast orien

tation nearly parallels the coastline. Relative intensities 

of the echoes are shown by radar attenuation levels at 10-dB 

intervals. Tetroon position for each time is indicated by a 

triangle and the previous trajectory by plus signs. Surface 

winds and temperatures are shown for Boca Grande, Lagrimas, 

and Summit at 1657 and 1757 GMT. 

At 1657 GMT, the tetroon was a few miles southeast of 

a precipitation echo that was apparently increasing in inten

sity at this time. This particular echo (nearest the tetroon 

position) has been designated "A" and the adjacent echo to 

the southwest has been designated "B" in figure 37. Within 

15-inin, echo A increased in both relative intensity and in 

area, while echo B decreased in relative intensity and, to a 

lesser degree, in area. By 1742 GMT, echo B had disappeared 

from the scope and at 1757 GMT echo A had become very weak 

and diffuse. These changes in relative intensities of the 

precipitation echoes suggest that vertical motions were 

occurring in the immediate vicinity. 

It is not implied here that the rather sudden tetroon 

ascents and descents are actual measurements of vertical ve

locities because of the following considerations: It may well 

be that the ascending tetroon encountered liquid water and 

descended rather suddenly because of the extra weight and 

not because of descending air motions. The descending tetroon 
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TIME SERIES-RADAR ECHOES (PPI) WITH TETROON POSITION 
OCTOBER 30, 1967 ALL TIMES GMT 

Figure 37. Radar echoes occurring within a 30 n mile radius 
of Pidiaque. Tetroon position is indicated by a triangle 
and the previous trajectory by plus signs. 
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may have then lost the water through evaporation, etc., and 

rose again. These considerations strongly discourage attempts 

to compute vertical velocities from tetroon data collected in 

the vicinity of showers. 

By 1800 GMT, the tetroon had again stabilized near 

7000 ft, although minor oscillations in altitude of 200 or 300 

ft occurred after this time as it moved with easterly to east-

southeasterly winds at 3 to 5 knots. 

At 20 32 GMT, the tetroon was positioned 21 miles west 

of the station (Pidiaque) at 7600 ft. Shortly thereafter, it 

was no longer possible to obtain heights, but it was possible 

to maintain a continuous track on the air surveillance radar. 

This track shows that the tetroon continued to move with a 

light easterly wind until 2227 GMT. Then it commenced to move 

with a southwesterly wind at 5 knots and as a result the hori

zontal range decreased. Consequently, it was again possible 

to obtain heights for a 15-min time interval commencing at 

2257 GMT. The heights obtained showed that the tetroon was 

descending from 5000 ft to 4000 ft. It was no longer possible 

to track it after 230 7 GMT. 

The Pidiaque upper wind sounding at 0000 GMT, October 

31 (fig. 36), shows that west-southwesterly winds prevailed 

from the surface to 60 00 ft and light northeasterly winds at 

7000 and 8000 ft; thus, the discontinuity between low-level 

southwesterly flow and the upper level northeasterly flow was 

between 600 0 and 7000 ft. 

Figure 36 shows that the depth of the southwesterly 

flow at Pidiaque increased from about 4000 ft at 1200 GMT to 

5000 ft at 1330 GMT and to 7000 ft by 2300 GMT. 

This is one of several cases of low-level southwesterly 

flow that have been analyzed. This type of flow occurs most 

frequently in October along Route 17 and from May through 
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November on Route 25. When found during the early morning 

(before 1200 GMT), it is usually confined to a layer within 

2000 to 4000 ft of the surface. Northeasterly winds prevail 

above this layer. The depth of the southwesterly flow usually 

increases during the day, probably due to reinforcement of 

the Pacific sea breeze. By late afternoon, southwesterlies 

may sometimes extend to 10,000 ft. 

On the Pacific side of Route 25 the basic flow in the 

lowest 2000 to 5000 ft appears to be southwesterly from May 

through November. In conjunction with a strongly developed 

Pacific sea breeze, this leads to more frequent southwesterly 

flow through a deeper layer than is seen elsewhere in the 

area studied. 

For the case discussed above, available meteorological 

data are insufficient to unambiguously define the low-level 

flow pattern over the entire area. However, we attempted to 

draw 7000 ft streamlines to show the extent of the changes 

that occurred during the period. Streamlines for the synoptic 

times of 1200, 1800, and 0000 GMT (October 30-31) are shown in 

figure 38. At 1200 GMT the available winds indicate cyclonic 

flow over the area shown. Two hours later the wind near 

Pidiaque had become light easterly, as shown by the tetroon 

data. 

At 1800 GMT, a zone of streamline convergence and cy

clonic curvature of the streamlines is indicated between the 

west-southwesterly flow at Alto Curiche and the easterly flow 

at Loma Teguerre; yet, slight anticyclonic curvature of the 

streamlines is indicated between the northeasterly flow at 

Soskatupu and the easterly flow at Pidiaque. 

At 0000 GMT, the flow at Loma Teguerre was west-south

westerly, whereas it had been easterly 6 hr before. The flow 

at Pidiaque shifted from easterly to northerly during this 6 
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hr period. It is apparent that rather significant changes 

can occur in the flow pattern at a constant level (the 7000 

ft level, in this case) over a 12 hr period. 

Case IX - December 21, 1967. Analyses of the data col

lected on December 21, 1967, show pronounced wind speed changes 

during a relatively short time. The Loma Teguerre upper wind 

sounding at 1200 GMT (fig. 39) shows that winds near the sur

face were north-northeasterly, 28 to 32 knots, within the 
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layer from 1000 to 3000 f t . Within the layer from 4000 to 
8000 f t , wind speeds ranged from 16 knots at 4000 ft to 4 
knots at 6000 f t . The wind at 8000 ft was northeaster ly (0 50°) 
a t 7 knots. I t might be expected that a tetroon launched 2 hr 
af ter the sounding and programmed for 8000 ft would move with 
a northeaster ly wind at 5 to 10 knots; however, t h i s was not 
the case. 

A tetroon was launched from Loma Teguerre a t 140 5 GMT. 
A 5-min in te rva l plot of tetroon height vs . range i s shown in 
figure 39. As the tetroon ascended through the layer from 
1000 to 4000 f t , i t moved with southeasterly to eas t -south
eas ter ly winds a t 4 to 10 knots. These winds contrast with 
the north-northeaster ly winds a t 28 to 32 knots found in the 
layer from 1000 to 3000 ft 2 hr e a r l i e r . As the tetroon a s 
cended through the layer from 5000 to 8000 f t , i t moved with 
north-northeaster ly winds at 27 to 30 knots . These speeds 
contrast with the 4 to 9 knots found in the same layer 3 hr 
before. At 150 5 GMT, the tetroon had j u s t reached the in 
tended f l igh t level of 8000 f t ; however, i t was no longer 
possible to track i t a f ter th is time. 

The Loma Teguerre upper wind sounding at 1800 GMT is 

also shown in figure 39. The winds were light and variable 

within the 2000 ft surface layer. At levels above the surface 

layer they remained nearly constant when compared with the 

wind data obtained from tetroon positions some 3 or 4 hr 

earlier. 

Upper wind soundings at Alto Curiche on December 21, 

1967, are shown in figure 40. At 1200 GMT winds through the 

layer from 2000 to 8000 ft ranged from north-northeasterly 

(020°) to northeasterly (050°) and from 7 to 11 knots. (It 

was at this time that Loma Teguerre reported wind speeds from 

28 to 32 knots at the 1000 to 3000 ft levels.) 
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From 1335 GMT to 150 5 GMT, five wind soundings (limited 

to 15,000 ft) were taken at Alto Curiche (fig. 40). The time 

between soundings was 15 to 25 min. The sounding at 1400 GMT 

shows that wind speeds increased in the 2000 to 4000 ft layer 

during the previous 2 hr. For example, the wind at 2000 ft 

increased from 10 to 20 knots and at 10,000 ft it decreased 

from 13 knots to 1 knot. 

By 1450 GMT, winds ranged from 22 to 2 7 knots within 

the layer from 2000 to 7000 ft. Over the past 3 hr, wind 

directions within this layer had shifted from north-north

easterly to east-northeasterly. Analysis shows an isotach 

maximum of 35 knots within the layer from near 4000 to 6000 ft 

at 150 5 GMT. The analysis also shows the marked increase in 

wind speeds that occurred at all levels within the layer 

from 2000 to 9000 ft over a half-hour (1430 to 1500 GMT). 

At 1800 GMT, wind speeds ranged between 20 and 27 knots 

in the layer from 5000 to 9000 ft. The maximum wind speed 

was between 6000 and 7000 ft. From the surface to 3000 ft, 

wind speeds had decreased to less than 10 knots. Wind direc

tions within the surface layer were variable at 1800 GMT. 

The 3000 and 5000 ft streamline patterns for the synop

tic times of 1200 GMT, 1800 GMT, and 0000 GMT (December 22) 

are shown in figure 41. At 1200 GMT, wind directions at 3000 

ft varied from northerly at Soskatupu to east-northeasterly 

at Loma Teguerre. Slight anticyclonic curvature of the 

streamlines is indicated between the northerly direction at 

Soskatupu and the north-northeasterly direction at Pidiaque. 

Slight cyclonic curvature is indicated between the east-

northeasterly direction at Loma Teguerre and the northeasterly 

direction at Alto Curiche. In general, streamlines at 3000 

and 5000 ft show northeasterly flow. 

Six hours later, the streamlines at both levels show 

more of an easterly flow over the area. At the 3000 ft level, 

cyclonic curvature of the streamlines is indicated between 
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the southeasterly flow at Alto Curiche and the east-northeast

erly flow at Pidiaque. Little or no curvature of the stream

lines is indicated at the 5000 ft level. Within 6 hr (between 

1200 and 1800 GMT), the 3000 ft wind direction veered with 

time at each reporting station as follows: Soskatupu, 60°; 

Pidiaque, 60°; Loma Teguerre, 40°; and Alto Curiche, 100°. 

At 0000 GMT (December 22), the winds at both levels 

were generally from the northeast quandrant except at Alto 

Curiche, where a light northwesterly wind was reported at 3000 

ft and a south-southeasterly wind was reported at 5000 ft. 

4. SUMMARY 

This study of the low-level winds over a portion of 

the American Isthmus provides information that would be needed 

by meteorologists responsible for forecasting transport and 

deposition of radioactivities released into the atmosphere as 

a result of nuclear construction of a canal. 

Air trajectories were approximated by tracking tet-

roons with radar. Streamlines were constructed from these 

trajectories and from wind measurements made by sounding 

balloons and surface instruments. Examination of all of the 

information available demonstrated that land and sea breeze 

circulations exist much of the time along the coasts and 

sometimes penetrate far inland. Even when complete circulations 

cannot be identified, the influence of surface temperature 

contrasts and topography on the larger scale flow is much in 

evidence. 

The mountains and hills have considerable influence on 

low-level wind flow. These features not only cause pertur

bations in the larger scale flow, but also cause convective 

clouds and showers that contribute their own wind circulations. 

Mesoscale pressure systems are established in the vicinity of 
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most heavy showers. Air trajectories may be deflected into or 

around storm cells, and air reaching the surface in rain-cooled 

down-drafts appears to influence low-altitude flow patterns 

for hours following thunderstorms. 

Mesoscale perturbations that affect tetroon trajectories 

have horizontal dimensions from a few miles up to several tens 

of miles and extend from the surface to 5000 ft, and sometimes 

to 10,000 ft, above sea level. The meteorological field pro

gram for the canal feasibility study was designed primarily 

to determine the large-scale features of the wind flow and 

precipitation regimes that would have an impact on the feasi

bility, cost, and safety of nuclear canal excavation. This 

portion of the study demonstrates the need for further work, 

using a denser meteorological network to study mesoscale sys

tems in more detail, to develop the forecast capability that 

would be required for nuclear operations. An appropriate meso

scale network would provide hourly soundings of wind, tempera

ture, and humidity to at least 10,000 ft from several stations, 

and tetroon tracks at several altitudes. Instrumented towers 

would be needed at grid intervals of 10 miles or less, cover

ing the canal route area and adjacent oceans. 
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