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1. INTRODUCTION 

The purpose of this study has been: (a) to investigate 

the processes involved in the mesoscale feedback process and 

effects of the feedback on the lower layers of the a~mosphere; 

(b) to investigate the response of surface air to sea-surface 

properties; (c) to determine the 11 range of the coastal influence 11 

and the effects of coastal fronts on the surface layers in the 

atmosphere; (d) to investigate the possibility of recognizing 

oceanic frontal effects with routine ship observations; and 

(e) to look into the accounting of feedback in numerical models. 

To achieve the above mentioned objectives, descriptive 

physical models and theoretical considerations of he~t and 

moisture transfer are used. These considerations are verified 

with specially designed field observations as well as with data 

from voluntary observing and reporting vessels. 
The authors acknowledge the help of Mr. K. Rabe in the 

extraction and computer analysis of ship observations in the 

Labrador Current-G0lf Stream boundary region and of ~r. T. 

Harding in computing the sea-air temperature and water vapor 
pressure differences. 
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2. GENERALIZED FEEDBACK MODELS 

A great number of different mathematical formulations can 
and have been established in the past to describe the energy 
cycle in the atmosphere and the ocean. The nature of each of 
the formulations depends on the types of numerical models used 
in the atmosphere and in the ocean. It is at times, however, 
useful to have a relatively complete, but simplified picture 
of the feedback system. An attempt is made to present such a 
schematic feedback cycle in Figure l. 

The essential factors and processes in large-scale con­
siderations of the feedback cycle between the oceans and the 
atmosphere are: 

(1) Rate of the uptake of moisture and latent and sensible 
heat due to surface winds and temperature/water vapor pressure 
differences between the sea surface and surface air. 

(2) Transport and release of moisture and latent heat 
in the atmosphere. It should be emphasized that sensible heat 
effects are relatively small in the local uptake area. The 
circulation and release of latent heat in the atmosphere is one 
of the primary energy sources for the atmosphere. 

(3) The horizontal gradients of heat and moisture in the 
atmosphere created by differential heating and cooling as a 
result of (l) and (2) above. 

(4) The variation of storage and transport of heat by 
the ocean. This process is of special importance in causing 
weather anomalies in winter and early spring in higher latitudes. 

(5) The effects on incoming and outgoing radiation by 
variations of cloud cover. 
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The feedback mechanism would change the energy circulation 
in different parts of the energy cycle either by magnification 
or reduction of its various effects. Most of these effects 
are handled in existing atmospheric PE (primitive equation) 
models with considerable simplification because of such factors 
as availability of computer time and core size, grid size, 
methods of solving of equa t ions, etc . The energy input from 
the ocean to the atmosphere is introduced into the models at 
the surface and in some models this is only accomplished by 
introducing the sensible heat. Some boundary layer models 
offer greater detail than i s possible in the hemispheric PE 
models. In these boundary layer models, however, the input is 
also effected in parametric form from the sea surface properties. 

A mesoscale feedback model is presented in Figure 2. The 
most essential feature in this model is the direction (and speed) 
of the surface wind with relation to sea surface isotherms. 
This factor affects the resulting distribution of properties 
in the surface atmospheric layers as indicated in Figure 2. 
If the surface wind blows from the cold water side to the warm 
water side (the 11 providin g cycle 11

), heat and moisture transport 
into the atmosphere is enhanced by bouyancy forces. If the 
wind blows from the warmer to colder side, the heat and moisture 
transport into the air is inhibited by increased stability 
(the 11 capping cycle 11

) hindering the upward transport of heat and 
moisture. The radiative processes are less important in meso­
scale feedback considerations than in large scale feedback models. 

This paper is involved mainly with the type of model 
presented in Figure 2. This is essentially a generalized heat 
and moisture exchange model which emphasizes the response of the 
near surface air to the properties of the sea surface. Sea 
surface properties are relatively conservative as compared to 
the air, as the water source is unlimited and the heat capacity 
of the water is considerably higher than that of the air. Thus, 
essentially, this model deals with the response of the properties 

- 7 -



of the surface air to the properties of the sea surface . This 

response can be expected to be most pronounced along the coasts 

where air masses from the continerts move over water surfaces 

which have greatly different properties than the initial 

properties of the air. Other arets of pronounced responses of 

surface air to the sea surface are the areas where strong 

thermal contrasts exist in the ocean, i.e . , oceanic frontal 

regions. Some of these have been the subject of past studies 

(e.g., LaFond and LaFond, 1971). 
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3. THE RESPONSE OF SURFACE AIR PROPERTIES 

TO THE PROPERTIES OF THE SEA SURFACE 

3. l Theory 

An air parcel moving over the sea surface, has its 

temperature and water vapor pressure changed mainly ty the 

convective turbulent transfer of heat and moisture. If it is 

considered that the local change of sea-surface temperature is 
small, and assumed that the velocity of surface air particles 

is that of the surface wi nd speed, an equation for tre change 

of sea-air temperature difference is obtained as follows: 

dTa 
dt ( l ) 

where liT is Tw - Ta, i.e . , the difference between sea surface 

and air temperatures and W•vTw is the rate of change of sea 

surface temperature along the trajectory of the air. The same 

equation applied to water vapor pressure, except Tis replaced 

withe (water vapor pressure). From observations (Mosby, 1933; 

and B~yum, 1962) it has been found that the changes of air 

temperature can well be presented as: 

dT a = K ( T - T ) - C 
dt w a 

( 2) 

Substituting (2) into (l), rearranging and assuming W•VTw 

to be constant, equation (l) can be transformed into integrable 

form: 

dli T + Kli T = C + \V • vT 
dt w ( 3) 

which after integration gives: 

( 4 ) 
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where r is the distance, 6T
0 

is Tw - Te at the time t
0

. The 
empirical constants of C and K must be determined from observa­
tional data. 

Using K as 0.28 and C as O. 13~ which is close to the values 
found by B~yum (1962), assuming an initial sea-air temperature 
difference of 1.25°, and using various 6Tw (i.e., the change 
of sea-surface temperature along the trajectory) it is found 
that the air temperature moving over the constant sea-surface 
temperature gradient reaches a constant value after about 5 · 
hours travel (see Figure 3). Thus the response of the surface 
air properties to the properties of the sea surface is rela­
tively fast. The final equilibrium sea-air temperature 
difference depends on the rate of change of sea-surface 
temperature 6Tw along the trajectory of the surface wind. 

It can generally be assumed that the transfer processes 
which move the moisture and heat upward from the surface are 
proportional to the rate of uptake of heat and moisture and 
that they do not cease when equilibrium conditions at the 
surface are reached. This upward transport rate must also 
change with the gradients of these properties with height in 
the atmosphere. There are relatively few measurements of this 
upward transfer rate; some indirect information about it can be 
drawn from time-series radiosonde observations. These 
observations with precision radiosondes indicate that the 
temperature profile, which mainly determines the stability, 
is the controlling factor of upward diffusion of heat and 
moisture. Furthermore, internal waves of temperature discon­
tinuities seem to provide another important mechanism for upward 
transport of heat and moisture with 11 thermals. 11 

It can be assumed that intensive feedback of energy from 
the sea to the atmosphere must affect the atmosphere itself 
locally and that these intensive exchange processes take place 
in certain meteorological conditions at oceanic fronts and in 

- IO -



coastal regions where large horizontal gradients in the under­
lying surface are present. Some theoretical studies of the 
feedback effects with relatively simplified assumptions have 
been carried out by Laevastu, Rabe and Hamilton (1972) which 
have demonstrated the local frontal effects on the atmosphere. 
Chapter 4 presents additional empirical evidence to verify the 
principal conclusions of the paper mentioned above. 

3.2 Some Verifications of Surface Air Temperature and Water 
Vapor Pressure Computations 

During the PATE (Pacific Thermal Experiment) expedition 
conducted by EPRF in November-December 1973 off the Central 
American coast, a 25 hour drifting station was occupied at the 
periphery of the Costa Rica Dome (mean position of the station 
was 10°00 1 N; aa 010 1 W). During this station both continuous 
recordings and half hourly measurements of various sea surface 
and surface air parameters were conducted. Among the neasured 
parameters were sea-surface temperature, air temperature, 11 wet 
bulb 11 temperature and wind speed. Although the ship did not 
drift directly downwind, a possibility to estimate the change 
of sea-surface temperature under the trajectory of the wind was 
facilitated by continuous recording of sea-surface tem~erature 
and the drift of the ship. Other available surface oceano­
graphic data were also used to check this sea-surface temperature 
gradient. Uncertainty in the estimate occurred at the beginning 
of the drift station and especially at the end of the drift 
station when a wind speed and direction change was experienced. 

Using the measured data and the measured and/or estimated 
change of the sea-surface temperature along the trajectory of 
the wind, the surface air temperature and surface air water 
vapor pressure were computed (predicted) with formula 4. The 
computed data and the corresponding observed data are presented 
in Figures 4 and 5 as air-sea temperature difference (T - T ) a w and air-sea water vapor pressure difference (e -e ) resJectively. a w 
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As Figure 4 indicates, Eq. (4) predicts the sea-air 
temperature difference reasonably well. Excluding the times 
where the rate of change of sea-surface temperature along the 
trajectory of the air could not be determined with great 
accuracy and when changes in wind speed and direction occurred 
(parts of curves marked with a and b), the standard error was 
about+ 0.2°c. The relatively pronounced changes as well as 
several minor changes of 6T in the observed values were also 
well reproduced. 

The errors in surface air water vapor pressure differences 
(Figure 5) have the same causes as in the surface air tempera­
ture computation. Excluding the areas on the graph marked 11 a 11 

and 11 b, 11 the standard error of computing 6e with Eq. (4) was 
about+ 0.35 mb. 

The above described verification test was carried out in 
an area with relatively sharp sea-surface temperature gradients 
and where the sea surface was colder than the air. Thus in 
mo re II n o rm al II are as th e pre di ct i on o f Ta and ea w o u l d be 
expected to be more accurate (see e.g., B~yum, 1962). It could 
be pointed out that the T and e prediction requires good data a a 
on the surface wind both with respect to speed and direction as 
the term Vr ~T~ in Eq. 4 has the greatest influence on the 
results. 
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4. SOME LOCAL EFFECTS OF SEA-AIR INTERACTIONS 

4.1 Inversions in the Atmosphere 

One of the peculiarit i es resulting from sea-air irter­
action in coastal and oceanic frontal regions is the temperature 
inversion in the atmosphere, especially off the west ccasts of 
continents and in the Mediterranean . Although all the condi­
tions of the inversion are not necessarily due to local effects 
of sea-air interactions, t he inversions, nevertheless, al ~ow 
the evaluation of some aspects of the sea-air interaction 
processes. First, the layer between the temperature inversion 
(which occurs along the West Coast of the United States usually 
between 950 and 975 millibar levels) and the surface may be 

considered as the marine boundary layer . Figure 6 shows a 
temperature and humidity profile with an inversion layer off 
Point Arena, north of San Francisco. The relative humidity 
under the inversion is usually 100% and this is the place (and 
height) of formation of the California stratus. When the lower 
part of the marine layer is cooled, the stratus can reach the 
surface as fog. The inversion layer is a very good trap for 
the moisture as well as a heat flux barrier. When the inversion 
weakens or disappears, however, moisture can be transported 
upward in an "updraft" or "thermal . 11 Such an updraft condition 
was indicated on 12 September and is presented in Figure 7. 

Latest detailed radiosonde investigations by EPRF (using 
3-hourly radiosondes, which were provided with a microswitch 
to give more details of the temperature and humidity structure) 
indicate that a pronounced stratification of humidity can exist 
in near-surface layers (surface to 850 mb level). Furthermore, 
rapid changes of this stratification occur and there are indica­
tions that the upward transport of moisture occurs intermittently 
in "updrafts" similar to 11 thermals 11 as well as with breaking 
internal waves at the temperature inversions. The detailed 
results of these studies will be published in the near future 
in another report. 
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4.2 Coastal Fronts and Range of Coastal Influence 

The existence of thermal frcnts at the sea surface along 
coasts has been noticed for some time, although notes in 
literature about them are scarce. These fronts occur not only 
along upwelling coasts (see e.g., Bang, 1973) but along many 
continental and island coasts. In most cases they coincide 
quite closely with continental slopes or other sharp depth 
gradients (slopes). It has been generally assumed that the 
coastal oceanic fronts are causec by the interaction between • dynamic and topographic features. 

Several field investigations were conducted by EPRF to 
determine first the so-called ''range of coastal influence" 
and secondly to ascertain the significance and the effect of 
coastal fronts on the atmosphere above in order to verify some 
theoretical and numerical studies on this subject reported 
earlier by Laevastu, Rabe, and Hamilton (1972). Some of the 
results of such recordings off Pcint Arena in September 1972 
are presented in Figures 8 through 11. In Figure 8, it will 
be noticed that the properties of the sea surface and air come 
to typical oceanic equilibrium conditions seaward of the 
oceanic front. This front is well demarcated at about 26 n mi 
from the coast by sea-surface terrperature as well as the 
temperature at 8 m depth. Towards the coast from this front, 
large differences between the air and sea surface properties 
exist which implies large heat and moisture fluxes. A rather 
noticeable feature in Figure 8 is the marked change of wind 
near the coastal front. Wind change at the oceanic fronts 
have been predicted by several theories (Laevastu, Rabe and 
Hamilton, 1972), A wind change at the coastal front has been 
observed in many sections (e.g., see Figure 10), though in some 
cases it is much less pronounced (see Figure 9). In Figure 9 
will be seen a relatively complex thermal structure at the 
coastal front, the seaward end of which is about 38 n mi from 
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from the coast. This complex structure results from eddies 
and cutoffs from the different water types which is probably 
one of the main mechanisms of exchange of water between coastal 
and offshore areas. The sea and surface air properties reach 
a typical offshore equilibrium seaward from the front. Figure 
10 shows the front only about 20 n mi from the coast with a 
marked change in winds near this front. The front obviously 
moves in tidal rhythm and is also influenced by wind regimes 
such as sea and land breezes. 

The investigations of the oceanographic and meteorological 
coastal regime show that the coastal front can be considered 
as the outer edge of the so called 11 coastal influence. 11 This 
coastal front and its outer edge also constitute, in nost 
cases, the outer edge of the coastal upwelling regime. The 
edge of the upwelling is indicated in Figure 11 with ~he upward 
bending of the isotherms from 32 to 40 n mi from the coast. 

The diurnal variability of the air properties is consider­
ably larger between the front and coast than in offshore areas. 
It is especially large at the frontal region as indicated in 
Table l. It would be an oversimplification to state ~hat the 
coastal fronts are a consequence of coastal sea - air interactions 
alone as several other factors determine their positions (e.g., 
the continental slope). On the other hand, their importance 
in the feedback in the coastal zone is unquestionable . In 
this connection, it could be mentioned that the surface water 
between the front and coast is often warmer during sunmer and 
colder during winter. This seasonal relation does not, however, 
hold in the areas of coastal upwelling. 
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Table 1. Diurnal mean range of change of various meteor­
ological and oceanographic parameters with distance from 
the coast on 12 to 14 September, 1972 off Point Arena. 
(T = sea-surface temperature; T = air temperature; 

w d • d • ) a Tdd = ew point epress1on. 

Range of observed change 

Tw Ta Tdd 
Wind 

Distance from Wind speed, di rec ti on 
the coast (km) ( o C) ( o C ) ( c, C) (knots) (deg) 

0-15 l. 7 2.3 l. 5 11. 0 53 

15-45 2. 5 3.5 2.0 l 5. 6 137 

45-60 0. 7 l. 4 l 1 . 3 10.0 50 

These coastal zone investigations, furthermore, sub­
stantiate the theoretical computations on the speed of the 
change of the surface air properties in response to sea 
surface properties. The verification indicates that the 
response of the surface air to the properties of the sea 
surface might even be somewhat faster than the theoretical 
computations of the authors (Laevastu, Rabe and Hamilton, 1972). 
This can be noticed in Figures 4 and 5 and in Figures 8 through 
10, where the trends and rate of change of sea-surface tempera­
ture (Tw) and air temperature (Ta) are quite closely related 
at the coastal frontal area. 

4.3 Oceanic Frontal Effects as Revealed by Synoptic Data 
from Merchant Ships 

Synoptic ship reports from the Labrador Current-Gulf 
Stream boundary region off Newfcundland were analyzed in 10-day 
composite analyses for May, June, October and November 1968. 
Due to the scarcity of data, the relatively coarse (381 km) 
standard numerical hemispher:c ~eteorological grid was used. 
This coarse grid would not a : low accurate presentation of the 
very sharp thermal front which exists in this area. 
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Despite the shortcomings in the accuracy of the d~ta, 
low data density and large grid size, the results indi:ate 
indirectly a relatively rapid response of surface air to the 
properties of sea surface. This relatively rapid response 
can be recognized by comparing the sea-surface temperature, 
air temperature and dew point temperature charts for 11 to 20 
May 1968 in Figures 12 through 14. The greatest diffe rence 
between the sea surface and air temperatures is found in the 
general area of the oceanic front (Figure 15). Figure 16 shows 
that the observed winds are also strongest at the oceanic 
frontal regions -- as earlier observed by Cormier and Kindle 
(1971) and as predicted from the theoretical considera:ions by 
Laevastu, Rabe and Hamilto n (1972). The ten-day composite 
geostrophic winds for the period 11 to 20 May 1968 in :he 
Labrador Current-Gulf Stream boundary area are shown in Figure 
17. A comparison of Figures 16 and 17 indicates that :he 
observed surface winds at the oceanic frontal region deviate 
considerably from the computed geostrophic winds, a fact briefly 
pointed out by Roll (1965). 

Figure 18 shows the computed latent heat (Qe) exchange in 
the area under consideration during the period 11 to 20 May 
1968 (g cal/cm 2/24h). The sharper gradient of Qe coincides 
with the oceanic front, as expected . 

Figure 19 shows the analysis of observed surface ~ind 
speed from 1 to 10 June 1968 in the area under consideration. 
Again the stronger winds occur at the oceanic frontal region, 
similar to the conditions twenty days earlier (shown ir Figure 
l 6 ) . 

Figure 20 gives the composite sea-surface temperature 
analysis for the ten-day period 11 to 20 November 1968 in the 
Labrador Current-Gulf Stream boundary area. Figure 21 shows 
the sea surface and air temperature difference for the same 
period and area as the previous figure. Again, the difference 
of temperatures of air and sea is largest at the oceanic front, 
thus the same condition as observed in May (Figure 15). 

- 17 -



The observed wind speed at the frontal region (Figure 22) 

is again stronger than the computed geostrophic wind in Figure 

23. The observed strongest wind band also follows the general 

position of the front. 
In summarizing the essentials of the above studies, it 

is apparent that (a) the observed winds are most often stronger 

near the oceanic fronts than on either side of it and (b) that 

near the oceanic fronts the difference between computed geo­

strophic wind and observed wind are larger than in other areas. 

This seems to verify the effects of the frontal zone on the 

atmosphere above, as computed theoretically by Laevastu, Rabe 

and Hamilton (1972). 
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5. NOTES ON ACCOUNTING OF SEA-AIR INTERACTIONS 

IN BAROTROPIC AND MEDIUM RANGE ANALOG MODELS 

The barotropic models of the atmosphere in use for 
numerical prediction have been, by necessity, greatly simpli­
fied. The barotropic condition does not allow for vertical 
wind shear and excludes horizontal temperature advection and 
the baroclinic processes associated with it. In spite of 
the simplified assumptions, the barotropic 500 millibar pre­
dictions have been surprisingly successful. Their quality 
is about the same by filtered and unfiltered models (Reis~r, 
1973; and Edelmann, 1973). Some barotropic model tests with 
"artificial" effects such as the inclusion of feedback of 
energy from the ocean to the atmosphere have given only slightly 
better results in the past. On the other hand, there are also 
considerable shortcomings in primitive equation (PE) models 
at present. The approximation of some physical processes and 
large grid sizes in numerical calculations affect the resJlts. 
For example, the sensible heat addition from the surface has no 
effect on the vertical advection in the hydrodynamic equation 
because of the finite difference methods used (Danard, 1971). 

Relatively incomplete experiments with the addition of 
feedback effects have been made with large scale numerical 
atmospheric models. However, the feedback processes and 
effects are essentially mesoscale phenomena. On the othe~ hand, 
the testing of the inclusion of feedback processes and effects 
into the PE model could best be effected via a separate boundary 
layer model. The latter must, by necessity, be relatively 
complex, however, and the experimentation and testing of 
feedback formulations in such boundary layer models is an 
extensive task. Furthermore, such models require very accurate 

and detailed knowledge of the initial state which is not 
possible with the presently available synoptic data densi~y 
and with large changes of the temperature and humidity profiles 
near the surface. 
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At EPRF, it is planned to test the feedback effects in a 
fine scale 11 window 11 model. The grid size in such tests will 
be small because of the relatively small-scale processes in 
the coastal zone and in frontal regions. The feedback can 
be in terms of quantitative energy flow, as determined by the 
relations between the surface wind and the sea-surface tempera ­
ture isotherms. 

A further challenging possibility for testing and applica­
tion of the feedback effects is in the improvement of the 
medium range analog forecasts. In these models, the feedback 
input must be in a simplified empirical parametric form and 
mainly in terms of the resulting effect of the latent heat 
feedback on the behavior of the atmosphere downstream. This 
requires the identification of th= areas of latent heat exchange 
anomalies. Work in these subjects is in progress at EPRF. 
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6. SUMMARY 

(l) In a large-scale ocean-atmosphere feedback system 
the important factors in influencing and determining the energy 

gradients in the atmosphere are: (a) the rate of uptake of 

moisture (latent heat) from the sea, (b) heat storage and 

transport by ocean currents , (c) moisture transport by the air, 

(d) release of latent heat, (e) the direction of the surface 

wind with relation to sea surface isotherms and the wine speed 

and (f) the modifying effects of clouds on radiation precesses. 

In small scale models (dealing mainly with local exchanse 

processes) the important factors are: (a) the direction of 

the surface wind with relation to sea surface isotherms and 

the gradients of the latter , along the trajectory of the surface 

air, (b) the initial difference in the properties of sea surface 

and surface air (especially important in coastal areas), and 

(c) the local effects of the heat and moisture uptake (E.g., 

stability changes near the surface). 

(2) The properties of the surface air 
0 

be computed with the Arnot - Mosby formula. 
of the surface air is rapid (ca., 5 hours). 

(Ta and ea) can 
The response time 

The standard 

error in Ta computation is about 0.2°c and in ea computation 
about 0.35 mb. These formulas should be used in numerical 

atmospheric models. 

(3) Among the noticeable local sea-air interactior 

phenomena is the formation of coastal stratus and fog wrich 

forms off the California coast under the inversion layer. 

(4) The coastal oceanic front (usually 10 to 50 n mi 

from the shore) forms the outer limit of the 11 range of coastal 

influence. 11 

- 21 -



(5) The difference between t1e sea surface and surface 
air properties is large between the coast and coastal front, 
implying also large heat and moisture exchange in this area. 
The diurnal change of surface air properties is also large 
in the same area. 

(6) There is often a marked wind change in the vicinity 
of the coastal front due, not only to the feedback effects at 
the front, but also to the front being a boundary of the 
sea-land wind regime. 

(7) Pronounced feedback effects of oceanic fronts on 
the surface winds appear also in ten-day composite analyses 
of ship reports. The winds at the major oceanic frontal zones 
are stronger than on either side of it. These stronger winds 
do not appear in computed geostrophic winds in oceanic frontal 
zones. 

(8) The feedback effects in numerical atmospheric models 
can be accounted for in three principal ways: 

(a) By the inclusion of local heating (and moisture 
addition) in parametric form -- the main controlling parameter 
being wind direction (and speed) with relation to sea surface 
isotherms. 

(b) In mesoscale models (i~cluding boundary layer 
models), the individual heat exchange components must be 
quantitatively included and their immediate and short-range 
effects computed. This requires, however, the assessment of 
initial state (analysis) in great detail, which is not possible 
with the present density and quality of synoptic observations 
and because of relatively large spacial and temporal changes. 

(c) In medium range analog models, the feedback 
(mainly latent heat source) must be included empirically via 
its known quantitative effects. This task is of great 
practical utility. 

- 22 -



REFERENCES 

Bang, N.D., 1973: Characteristics of an intense ocean frontal 
system in the upwell regime west of Capetown. Tellus 25, 
25 (3) :256-265. 

B~yum, G. ,. 1962, 11 A Study of Evaporation and Heat Exchange Between the Sea Surface and the Atmosphere. 11 Geofys. Publ., 
(Geophys, Norv.) 22, 7:15 pp. 

Cormier, R.V. and E.C. Kindle, 1971: Diagnoses and prediction 
of marine boundary layer mesoscale wind phenomena. Proc. Techn. Conf. Autom. Weather Support, Air Wea. Serv. 
Techn. Rpt. 242:98-111. 

Danard, M.B., 1971: A numerical study of the effects of longwave radiation and surface friction on cyclone development. Monthly Weather Rev. 99, (11): 831-839. Edelmann, w.~ 1973: Barotrope Madelle mit Larmfilterung Promet, Meteorologische Fortbildung, Frankfurt, Heft 1: 11-15. 

Laevastu, T., K. Rabe, and G.D. Hamilton, 1972: The effects 
of oceanic fronts on properties of the atmospheric boundary layer. EPRF Tech. Paper 2-72: 46 pp. Laevastu, T., 1973: Coastal sea-air interactions and the extent 
of coastal influence. Progress report 2. EPRF Tech. Note 
8-73:32 pp. 

Lafond, E.C. and K.G. LaFond, 1971: Thermal structure through 
the California front. Naval Undersea Center, San Diego, 
TP 224:133 pp. 

Mosby, H., 1933, 11 The Sea Surface and the Air. 11 Scient. Rep. 
N o rw . A n t a r c t . Ex p . 1 9 2 7 - l 9 2 8 , 1 0 : 1 4 0 p p . 

Reiser, H., 1973: Barotrope Vorhersagemodelle ohne Larmfilterung Promet, Meteorologische Fortbildung, Frankfurt, Heft 1: 6-10. 
Roll, H.U., 1965: Physics of the Marine Atmosphere, Academic 

Press, London 426 pp. 

- 23 -



N
 
~
 

(I
C

 R
) 

IN
C

O
M

IN
G

 
R

A
D

IA
TI

O
N

 

(O
R

) 

O
U

TG
O

IN
G

 
R

AD
 I 

AT
 IO

N
 

ft
 

z
l =,_

 
i=

1
~

 
~
,
~
 

i:.:
1 

;:;
 I 

O
U

TG
O

IN
G

 
H

EA
T 

~
I 

~
I
 

~
I
 

I 
....

, 
I 

~,
 

~
I ~, ~,
 

~
I
 

::c
 ... ,C

Z:
· 

.... ,.:
:c

 

M
O

IS
T

U
R

E
 (

M
) 

TR
A

N
S

P
O

R
T 

H
EA

T 
(H

) 

C
O

N
V

E
R

S
IO

N
 

TO
 

M
O

TI
O

N
 

(M
E

C
H

A
N

I_C
A

L 
E

N
E

R
G

Y
) 

BY
 

C
R

E
A

TI
O

N
 

OF
 

PR
ES

SU
R

E 
G

R
A

D
IE

N
T

S
 

~
C

u
r
r
e

n
ts

 

TR
A

N
S

P
O

R
T 

AN
D

 
S

TO
R

A
G

E
 

O
F 

H
EA

T 
IN

 
TH

E
 

O
C

E
A

N
 

IC
 R

 

::
!Ni

 
/1

%
 ~i

❖Jr,
,1 

""
'' 

,~
 

' 
0 

R
 

IC
 R

 

I 
• 

• 
' 

--.
. 

· 
O

R 

U
P

TA
K

E
 

~
 

I 
'O

F
 M

O
IS

TU
R

E
 

1 .
..

 
, 

I;
, 

U
P

TA
K

E
 

O
F 

H
EA

T 

R
AT

E 
OF

 
U

P
TA

K
E

 
D

E
TE

R
M

IN
E

D
 

BY
 

S
 F

C 
W

IN
D

S
 

F
ig

u
re

 
1,

 
S

ch
em

at
ic

 
p

re
se

n
ta

ti
o

n
 

o
f 

la
rg

e 
sc

a
le

 
fe

ed
b

ac
k

 
c
y

c
le

. 



I\
) 

U
1 

P
o

ss
ib

le
 

re
le

 
of

 
Q

E 
as

e 

Q
E 

I 

RH
 

I 
I 

_Q
f 

I 
I 

RH
 

T
 

S
ta

b 
tH

,M
 

I 
I 

..
I 

i 
S

ta
b

 

C
o

ld
 

I 
~7

 
.....

. 
...

itl
r 
Is

o
th

e
rm

s
 

W
ar

m
 

"P
ro

vi
di

ng
" 

r 
r. C

a
p

p
in

g
" 

cy
cl

e 
cy

cl
e 

S
ym

b
o

ls
: 

--
+

-i
n

c
re

a
s

e
; 
-
-

de
e 

re
a

s
 e

; 
ff

-h
e

a
t;

 
S

fc
-s

u
 r 

fa
c

e
; 

M
-m

o
is

tu
re

; 
T

-t
e

m
p

e
ra

tu
re

 
G

E
-L

a
te

n
t 

h
e

a
t;

 
R

H
-r

e
la

ti
v

e
 

h
u

m
id

it
y

; 
S

ta
b

-s
ta

b
il

it
y

. 

~
ig

u
re

 
2.

 
G

en
er

al
iz

ed
 

m
es

oc
al

e 
fe

ed
ba

ck
 

m
od

el
 

w
it

h
 

in
d

ic
at

io
n

 
o

f 
th

e 
e
ff

e
c
ts

 
on

 
th

e 
ch

an
ge

s 
o

f 
p

ro
p

e
rt

ie
s 

o
f 

bo
un

d­
ar

y
 

la
y

e
r.

 



u 0 

... ... I s ... 
I\

) 

0
-

1
<

=
0

.2
8

 

2 
r 

C
 =

 0
.1

3 

t\T
w

 
(°

C
/H

o
u

r)
 

0
.2

 
1 

--~
 

0.
1 .0

 

o
 I 

,~
 

-0
.l

 

I 
-0

.2
 

-1
 

-2
 

0 
4 

8 
12

 

T
IM

E
, 

ho
ur

s 

F
ig

u
re

 
a. 

C
ha

ng
e 

o
f 

se
a
-a

ir
 

te
m

p
er

at
u

re
 

d
if

fe
re

n
c
e
 

(~
T

) 
w

it
h

 
ti

m
e 

an
d 

w
it

h
 

d
if

fe
re

n
t 

ra
te

 
o

f 
ch

an
ge

 
o

f 
se

a 
su

rf
ac

e 
te

m
p

er
at

u
re

 
un

de
r 

th
e 

tr
a
je

c
to

ry
 

(~
T

~
).

 
C

=
0.

13
; 

K
=

0.
28

, 
in

it
ia

l 
~

T
=

l.
2

5
°c

 
(F

or
m

ul
a 

4J
. 



N
 ....,
 

-u 0 -

2.
5 

2.
0 

1.
5 

''
\ 

A
 

I 
I 

._. 
..... ,

 I 
I 

I 
I I I 

J_
 /~

 ,
' 

• 
✓
 

\ 
I r 

V
 

.... 
V

 
I .. 

1.
0 

t 
.... 

II
S

E
IV

E
D

 
P

IE
D

IC
T

E
D

 

,.s
 

~
0 

0
1

1
0

 
0

1
1

0
 

1
2

0
0

 
12

00
 

11
10

 
30

 N
OV

 7
3 

J 
DE

C 
73

 
LO

C
A

L 
TI

M
E

 
(h

o
u

rs
) 

F
ig

u
re

 
4.

 
O

bs
er

ve
d 

an
d 

co
m

pu
te

d 
a
ir

-s
e
a
 

te
m

p
er

at
u

re
 

d
if

fe
re

n
c
e
 

d
u

ri
n

g
 

a 
d

ri
ft

in
g

 
st

a
ti

o
n

 
a
t 

th
e 

p
er

i~
h

er
y

 
o

f 
C

o
st

a 
R

ic
a 

D
om

e 
(m

ea
n 

p
o

si
ti

o
n

 
l0

°0
0

'N
; 

88
°1

0'
W

) 
d

u
ri

n
g

 
30

 
N

ov
em

be
r 

an
d 

l 
D

ec
em

be
r 

19
73

. 
C

=
0.

10
, 

K
=

0.
35

. 



I\
) 

0
) 

2.
S

r 
'\

 
I 

I 
I 

I 
I 

I 
i'

 
I 

I 
I 

I 

2.
0~

 
I 

I 
f 

I 
,-.

....
... 

I 
I 

I 
I 

I 
. 

,.
.1

 
\ \ 

I 

\ 
l !

 i \
 

.a
 

I 
\ 

• 
1.

5 
--

-
-
-' 

\ ' 
. • 

IV
 \

 f ,l
' ~

 .
.
.
 

~
 1 .
. 

Ii
 ~

, I
 i

 
i 

' ..,.
b 

~
 

1.
0 
r 

I 
~
 

I I 
,,

J
, 

I 

0
.5

~
. 

I 
P

R
E

D
IC

T
E

D
 

\·
 

/
~

 
O

IS
E

IV
E

D
 

\
;
I
 

o.o
 

12
00

 
1

1
0

0
 

0
0

0
0

 
0

6
0

0
 

17
00

 

30
 N

O
V 

73
 

1 
DE

C 
73

 

LO
C

A
L 

T
IM

E
 (

h
o

u
rs

) 

F
ig

u
re

 
5.

 
O

bs
er

ve
d 

an
d 

co
m

pu
te

d 
a
ir

-s
e
a
 

w
at

er
 

v
ap

o
r 

p
re

ss
u

re
 

d
if

fe
re

n
c
e
 

d
u

ri
n

g
 

a 
d

ri
ft

in
g

 
st

a
ti

o
n

 
a
t 

th
e 

p
er

ip
h

er
y

 
o

f 
C

o
st

a 
R

ic
a 

D
om

e 
(m

ea
n 

p
o

si
ti

o
n

 
l0

°0
0

'N
; 

88
°1

0'
W

) 
d

u
ri

n
g

 
30

 
N

ov
em

be
r 

an
d 

l 
D

ec
em

be
r 

19
73

. 
C

=
0.

40
; 

K
=

0.
50

. 



Z 6 
14 Sept 11 

8 2 5 
____ ,.__ __ ,.__ __ 1 s_:o 7 PDT 

T RH 
850~--....... ---........ --~ 

875~ __ ....,___....,_......,_ __ .... 

900t----+---+--+-----i 

925t----+-----ti-t----i 

I t 

S50t----+---....,--.... 

l~ 

STRAT~ 

I 

l000t----4~1----1------i 

~ 
10 oc 20 30 0 50 %. 100 

LAT. 38° 5·6. 6' 
l0NG.123°45 .8' 

Figure 6. Temperature (T) and relative 
humidity (RH) profiles off 
Point Arena, 1507 on 14 Sep­
tember 1972. 

- 29 -



825 

850 

875 

900 

925 

950 

, 

75 

1000 

1025 
0 

T IIH 
~t W4 0 

12 Sept 72 
11:45 PDT 

I~ 
Nt • 

t ~~ 
11 I : ~ 

)t '-, t 

!~ 0 

I 
,4 I I 

f 
A 

\ •• I 
0 50 % 100 10 °c 20 30 

LAT 33•51.4' LONG 124•os.1' 

Figure 7. Temperature (T) and relative humidity (RH) 
profiles off Point Arena, 1645 PDT on 12 
September 1972, 

- 30 -



w
 

Q
C

 
Q

C
 

4.
D

 
II

 

3.
0 

16
 

2.
0 

14
 

1.
D 

12
 

0 
10

 

w
 

Ta
 

Tw
 

Ta
 

7 
7 

7 
l 

7 
'7

 
7 

7 
7 

7 W
IN

D
. S

CA
LE

 

'!l
iii

iii
iii

iii
 

10
 

20
 

KT
S.

 

--
.....

.....
. 

---
---

---
---

---
--

----
™

 
--

--
--

--
--

--
--

--
--

--
--

--
--

-
__

 _
 

t -
N

- I 
.,.,_

__
__

 
·--

---
---

---
--

--
-

---
---

--
, 

-·
 

...
...

...
...

...
...

...
...

...
...

.. 
·--

-·-
--

--
--

---
--

' 
1W

 
··

··
-·

··
· 

··
··

··
··

--
-.

..
..

 
·
,
.
 

' 

••••
••••

••••
••••

••••
 

·•·
... 

--
--

--
-·

--
--

--
-.

,_
__

 
', 

·-.. 
'·

 
""

 
1 

' 
-
-
-
-
-
-
-
-
-
-
-
-
-

' 
~·· 

·--
-.. "

 
~
 ·--

··
··

··
··

··
··

··
· 

1
, 

FI
ON

T 

··
··

··
··

··
··

•~
..

..
..

..
..

. 
··

··
··

··
··

··
· 

CO
AS

TA
L 

~
 •••

••
•.

..
..

..
..

..
..

..
..

..
..

..
..

..
. 

40
 ✓
 

30
 /

 

' 
13

:1
0 

12
: 3

0 
12

:0
0 

11
: 3

0 
; 

I 

48
 

40
 

32
 

2
0

/ 
LO

NG
IT

UD
E 

10
> 

' 
' 

I 

11
:0

0 
LD

C4
J. 

TI
il£

 
10

:3
0 

10
:0

0 

24
 

DI
ST

AN
CE

 
NA

UT
IC

AL
 

III
LE

S 

TI
AC

II 
ON

E 
12

 
S

E
P

T
E

IIE
I 

19
12

 

12
4 

° o
o"

 
I 

9:
30

 

16
 

50
,. 

I 

9:
 00

 

Ta
 

I 
8:

30
 

CO
AS

T ' 
F

ig
u

re
 

a 
.. 

Se
a 

su
rf

ac
e 

t~
m

p
er

at
u

re
 

(T
w

),
 

te
m

p
er

at
u

re
 
a
t 

8 
fe

e
t 

(2
.4

m
) 

de
pt

h 
(T

a)
, 

a
ir

 

te
m

p
er

at
u

re
 

(T
a)

, 
de

w
 

p
o

in
t 

d
ep

re
ss

io
n

 
(l

d
d

) 
an

d 
w

in
d 

d
1

re
ct

1
o

n
 

an
d 

sp
ee

d 
o

ff
 

P
o

in
t 

A
re

na
, 

fr
om

 
co

as
t 

to
 

48
 

n
au

ti
ca

l 
m

il
es

 
o

ff
sh

o
re

, 
08

30
 

to
 

13
10

 
PD

T 
on

 
12

 
S

ep
te

m
be

r 
19

72
. 



w
 

I'
\)

 

•c
 

0
c 

4.
0 

18
 

3.
0 

16
 

2.
0 

14
 

1.
0 

12
 

0 
10

 

Td
d 

Ta
 

Tw
 

18
 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\
\
 

W
IN

D 
SC

AL
E 

10
 

20
 

KT
S

. 

! •-
Td

d 

~ 
//

 
Tw

 ·
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

·•
..

. 
,
' 

T
a

--
--

-·
-·

--
--

-.
 

~ 
-
-
-
-

I 

T
 

-
\
'
 \

 
.•·

····
··•

•. 
-

/ 
8 

.,
.-

..
_

 
•
,
 \

 
.. •

 
\ 

.,,
..,

,. 
...

 ..
_

, 
/ 

.....
.... 

""
":

. 
..·•

 
·•.. 

.,,..
,,. 

...
...

. 
/ 

..
..

..
 

• 
...

...
 

• 
-
-
-

• 
•.

 
.,,

..,
,. 

...
...

 
/ 

Ta
 

,.
._

_
_

_
_

_
 

-
'
,
\
 

·
-
.
>

 -=
--,

-_
 

•.. 
--

__
__

__
 , 

-·
-

.... ..
,__

__
 

·-:
~ 

...
...

. ,
...

.._
 

;,;
,,,

.,.
-:.

, 
_

_
_

_
 .. 

•'s 

I 
23

: 3
0 

40
/ 

I 

23
:0

0 

I 40
 

3'
0-

' 
I 

22
:3

0 

"
••

•·
•

•N
·•

••
 

••
••

••
 ,•

• 
-
-
.:

:
.-

-
:
_

-
-
-

• 
...

:•:
:.:

::·
;,:

.·:
-..

-.~
~:

.:-
;.:

:::
:::

7.
:::

:~
.:.

:::
 ...

...
...

...
...

...
.. 

Tw 

2
0

/ 
LO

NG
IT

UD
E 

I 
I 

22
:0

0 
21

:3
0 

10
-' 

I. 
21

:0
0 

I 32
 

LO
CA

L 
TI

M
E 

21 4 

DI
ST

AN
CE

 
NA

UT
IC

AL
 

M
IL

ES
 

TR
AC

K 
TH

RE
E 

12
 

SE
PT

EM
BE

R 
19

72
 

12
4°

 
0

0
/ 

5
0

/ 
CO

AS
T 

I 
I 

20
:3

0 
20

:0
0 

I 
I 

19
:3

0 
19

:0
0 

1 s
!3

0 

1:6
 

T
 8 

F
ig

u
re

 
9

. 
Se

a 
su

rf
a
c
e
 

te
m

p
er

at
u

re
 

(T
w

),
 

te
m

p
er

at
u

re
 
a
t 

8 
fe

e
t 

(2
.4

m
) 

d
ep

th
 

(T
a)

, 
a
ir

 
te

m
p

er
at

u
re

 
(T

a)
, 

de
w

 
p

o
in

t 
d

ep
re

ss
io

n
 

(T
dd

) 
an

d 
w

in
d 

d
ir

e
c
ti

o
n

 
an

d 
sp

ee
d

 
o

ff
 

P
o

in
t 

A
re

n
a,

 
fr

om
 

c
o

a
st

 
to

 
48

 
n

a
u

ti
c
a
l 

m
il

es
 

o
ff

sh
o

re
, 

18
30

 
to

 
23

30
 

PD
T 

on
 

12
 

S
ep

te
m

be
r 

1
9

7
2

. 



w
 

w
 

oc
 

oc
 

4.
0 

18
 

3 
0 

16
 

2.
 0

 
14

 

1.
 0

 
12

 

Td
d 

10
 

Ta
 

Tw
 

T
 8 

4
0

-
1 

, 

CA
LM

 
CA

LM
 

CA
LM

 
CA

LM
 

\ 
~
 

~
 
~
 

<z
::: 

\ 
'\

 
W

IK
I 

SC
AL

E 

10
 

20
 

KT
S

. 

! 
--

--
-..

.....
.....

.. 
--

--
--

--
-_:

.::-
.:=

~ -::
.-=

-=-
-:_:

---
,,,

,: -
' -':

.-,,,_
___

~-, 
h

-
-
-
-
-

-
-

-
-
-
-
-
-

--
--

--
--

--
--

--
--

---
---

--
--

--
::

--
--

--
--

' 
T•

 
--

--
--

--
-~

~,
,-;

.:_
__

__
__

__
_

__
__

__
 

_ _
___

__
___

__
__ :

:::
..,

_ 
'••

•,,
, 

i,
 

. "
, 

-
-
-

---
--

\ 
-,

_ 
--

,.,
.-~

-=
--

1,
 

rn
 -

·-
-.

 
, 

__
__

_ 
_ 

,··
···

···
·;;

-::
-..

....
.. .

 
\ 

,,
 

••
••

••
• 

Tw
 

~.
,,, 

1
,
-
-
-
-
-
-
-

·N
· ~ 

Ta
 

3n
-

2
b

-
LO

NG
IT

UD
E 

I 
ro

-
·0

-

1 
14

:3
4 

I 
I 

11
:5

0 
.1

2:
00

 
I 

12
:3

0 
I 

13
:0

0 
13

:3
D

 
14

:0
5 

15
:0

0 
I 

16
:0

0 

12
4°

' o
o- 1 

17
:1

0 
17

:0
0 

17
: 3

0 
1 

18
:0

0 

CO
AS

T 
I 

18
:3

0 

I 48
 

F
ig

u
re

 
1

0
. 

LO
CA

L 
TI

M
E 

41 0 
i 

I 
32

 
24

 

DI
ST

AN
CE

 
NA

UT
IC

AL
 

M
IL

ES
 

TR
AC

I! 
SI

i 
13

 
SE

PT
EM

BE
R 

19
72

 

I 16
 

I 8 

Se
a 

su
rf

ac
e 

te
m

p
er

at
u

re
 

(T
w

),
 

te
m

p
er

at
u

re
 

a
t 

8 
fe

e
t 

(2
.4

m
) 

d
ep

th
 

(T
a)

, 
a
ir

 
te

m
p

er
at

u
re

 
(T

a)
, 

de
w

 
p

o
in

t 
d

ep
re

ss
io

n
 

(T
dd

) 
an

d 
w

in
d 

d
ir

e
c
ti

o
n

 
an

d 
sp

ee
d 

o
ff

 
P

o
in

t 
A

re
na

, 
fr

om
 

co
as

t 
to

 
48

 
n

au
ti

ca
l 

m
il

es
 

o
ff

sh
o

re
, 

11
50

 
to

 
18

30
 

PD
T 

on
 

13
 

S
ep

te
m

be
r 

19
72

 .
 



w
 
~
 

0 10
 

2
0

 

40
 

60
 

80
 

E
 

10
0 

~
 

=
 

,-.
 

a.
. :;_
: 

2
0

0
 

3
0

0
 

4
0

0
t
-
-
-
-
-
-
-

60
0 

...
. r
-
-
­

so
o 

10
00

 

4
0

' 
48

 

O
ST

 A
L 

lO
' 

40
 

2
0

, 
32

 
1

0
' 

24
 

16
 

50
' 

I 
LO

NG
I T

UD
t 4

0,
 

8 
NA

UT
IC

AL
 

M
IL

ES
 

0 

F
ig

u
re

 
1

1
, 

D
ep

th
 

o
f 

is
o

th
er

m
s 

al
o

n
g

 
a 

se
c
ti

o
n

 
fr

om
 

th
e 

c
o

a
st

 
to

 
50

 
n

a
u

ti
c
a
l 

m
il

es
 

o
ff

sh
o

re
 

o
ff

 
P

o
in

t 
A

re
n

a,
 

09
50

 
to

 
15

07
 

PD
T 

on
 

14
 

S
ep

te
m

b
er

 
1

9
7

2
. 



I w
 

IJ
1 I 

32
 

33
 

34
 

35
 

36
 

37
 

38
 

39
 

40
 

23
 I

 
, I

 
:;

::
>

f'
 I

 
'<.

. 
\ 

\ 
I 

\ 
I 

:;
, 

\ 
\ 

I 
7 

I 
\.

 
I 

23
 

22
 

+
 

O
SI

TI
 

22
 

+
 

~
 

21
 

+
 

+
 

21 

20
 r-

+
 
I
~

-
+-

\{
 
~
 
V

\ 
~
 

+
II

Y
1

 
~
 

I 
\.

 +
 

I 
-0

8 

19
 ~ 

f 
~
 

1°
~'

yj
 A

 
Ju

 
+

 ..
.I

V
 

~
 

..1
-

1
(
 

1
~

 
\ 

,....
,....

.... 
v
1

/\
 

/ 
' 

+
 

ll
r
 

+
 

+
 

12
.5

 
+

 
~

+
 

;1
1

 

__
_.,

....
.1s

.o 
,~ 

17
 I

-
~
 

y
~

~
+

 
+

 \
 

+
 

\ 
+

 
A

\
 

J1
1 

~~,.
....,,

 
16

1 
>

-£
1

 
f
l
 

I 
n 

I 
I
'
 

I 
' 

,..
...

.-,
 

I\
 

I 
\ 

1
16

 
32

 
33

 
34

 
35

 
36

 
37

 
38

 
39

 
48

 

F
ig

u
re

 
1

2
. 

1
0

-d
a
y

 
c
o

m
p

o
si

te
 

se
a
 

su
rf

a
c
e
 

te
m

p
e
ra

tu
re

 
(0

c
) 

a
n

a
l;

~
i;

-f
~

om
 

sh
ip

 
re

p
o

rt
s 

in
 

L
a
b

ra
d

o
r 

C
u

rr
e
n

t-
G

u
lf

 
S

tr
ea

m
 

b
o

u
n

d
ar

y
 

a
re

a
, 

11
 

to
 

20
 

M
ay

 
1

9
6

8
, 



w
 "' 

32
 

33
 

34
 

35
 

36
 

37
 

38
 

39
 

40
 

23
 I

 
I 
I 

::;
.::

>f
' 
I 

oe;
;: 

\ 
\ 

I 
<

 
I 

7 
\ 

\ 
I 

7 
I 

\.
 

I 
23

 

22
 

+
 

22
 

+
 

-\--

21 
+

 
+

 
21 

20
 

+
 

20
 

19
 

19
 

+
 

18
 

+
 

11
 

.
17

 
17

 

16
1 

'-
' 

I 
<

 
I 

<
 

I 
I 

I 
l 

I 
' 

-C
::::

:::I
 

O
 

I 
\ 

1
16

 
32

 
33

 
34

 
35

 
36

 
37

 
38

 
39

 
40

 
F

ig
u

r e
 

13
. 

1
0

-d
ay

 
co

m
p

o
si

te
 

su
rf

ac
e 

a
ir

 
te

m
p

er
at

u
re

 
(°

C
) 

a
n

a
ly

si
s 

fr
om

 
sh

ip
 

re
p

o
rt

s 
in

 
L

ab
ra

d
o

r 
C

u
rr

en
t -

G
u

lf
 

S
tr

ea
m

 
bo

un
da

ry
 

a
re

a
, 

11
 

to
 

20
 

M
ay

 
19

68
. 



w
 ""' 

32
 

33
 

34
 

35
 

36
 

37
 

38
 

39
 

40
 

23
1 

' 
-=

-t
J 
'\

 
\ 

\ 
I 

\\
\ 

I 
~

/
 

\
~

 
I 

\ 
I 

7
"
\ 

1 23
 

\\
 

~~
 

"' 
\ 

-~
 

~
 

-~
 

~
 

J 
+

 
\\

 
+

 
~ 

22
 

-\-
-.\-

-

21
 t-

+
 

+
 

+
/n

\~
\ 

\
\
 

A
 

j 21 

20
 

-\
-

20
 

19
 

19
 

+
 

11
 

+
 

11
 

17
 t-

,..
.--

-+
 /

 
~
 

\+
 •

 
~
 

Y
 

\ 
+

 
~
 \

. 
--1

17
 

\ 

16
1 

'-
£

 I 
r 

I 
I 

I 
I 

I 
L

 
' 

,,..
..,-

;a 
O

 
I 

) 
1

16
 

32
 

33
 

34
 

35
 

n
· 

37
 

3a
 

39
 

40
 

F
ig

u
re

 
1

4
. 

1
0

-d
a
y

 
c
o

m
p

o
si

te
 

"w
et

 
b

u
lb

" 
te

m
p

e
ra

tu
re

 
(u

C
) 

a
n

a
ly

s
is

 
fr

o
m

 
sh

ip
 

re
p

o
rt

s
 

in
 

L
a
b

ra
d

o
r 

C
u

rr
e
n

t-
G

u
lf

 
S

tr
e
a
m

 
b

o
u

n
d

a
ry

 
a
re

a
, 

11
 

to
 

20
 

m
ay

 
1

9
6

8
. 



w
 

Q
) 

32
 

33
 

34
 

35
 

. 
36

 
37

 
38

 
39

 
40

 
23

1 

' 
;:

:»
fJ

 
\.

 
' 

\ 
I 

<
 

I 
7 

\ 
I 

\ 
I 

7
''

\ 
I 23 

,\\
 

~~
 

~~
 

-~~
 

~ 
~
 " 

,_
~ 

~
 

21
l 

+
 

\\
 

+
 

~ 
22

 

+
 

-\-

21 
t-

+
 

+
 

+
/r

7
i~

~
 ~
 

J 21
 

20
 

+
 

20
 

19
 

19
 

~
 

+
 

18
 

+
 

18
 

. 
17

 
17

 

16
 L

 '
-
l 

! 
I 

I 
I 

' 
I 

\ 
I 

' 
'-'

:::
:"

:I 
1\

 
I 

• 
\ 

I 
16

 
32

 
33

 
34

 
35

 
36

 
37

 
38

 
39

 
40

 

F
ig

u
re

 
15

. 
1

0
-d

ay
 

co
m

p
o

si
te

 
se

a 
su

rf
ac

e 
an

d 
su

rf
ac

e 
a
ir

 
te

m
p

er
at

u
re

 
d

if
fe

re
n

c
e
 

(u
C

) 
a
n

a
ly

si
s 

fr
om

 
11

 
to

 
20

 
M

ay
 

19
68

. 



w
 

,0
 

I 

32 
33 

34 
35 

36 
3 7 

31 
39 

40 
23 I 

11 
;:.>

j" I 
' 

\ 
\ 

I 
\ 

I 
7 

\ 
t 

\ 
I 

~
 

I 
'C 

23 

22 
+

 
22 

+
 

-\-

• 21 
+

 
+

 
21 

20 ~
 

+
 
/
~

-
+-\ ( 

~
A

.I
\
 -V

-/ 
+

 
r 

-+ I 
\ 

\. \t 
-08 

11~ 

f 
~
 

+
>

1
0

 A
 ) ~

-L
 

+
 

+
 

-\-
111-

~
 

I\ 
+

 
/
\
 

+
/
 

\-+
 

~
 

I 
+

 
\ 

.A
-

-t 11 

I 17 
17 

16 I 
'-

£
 1

£
 

I 
,<

; 
I 

I 
I 

I 
I .C: 

I 
:I" 

,........ I 
l 

il 
I 

>
 

1 16 

32 
33 

34 
35 

3& 
37 

31 
39 

41 

F
ig

u
re 

16. 
10-day co

m
p

o
site 

su
rface w

ind 
speed 

(~
/ie

c
) 

an
aly

sis ·from
 

sh
ip

 
rep

o
rts 

in 
L

abrador 
C

u
rren

t-G
u

lf 
S

tream
 

boundary 
a
re

a
, 

11 
to

 
20 

M
ay 

1968. 



~
 

0 

32
 

33
 

34
 

35
 

36
 

37
 

31
 

39
 

40
 

23
1 

--\t
 =

--t
) 

\ 
' 

\ 
I 

\
~

I
,
'-

)
/
 

\
~

 I 
\ 

I 

7
'"

' 
12

3 
,, 

'-)
~ 

~
 ~ 

,~
 

~
 

22
1 

+
 

+
 --

\_
,_

~
 +-

\ 
+

 
\ 

\ 
t-

\.
 

/
+

 

" 
+

 
~

2
2

 

+
 

~
 

21 
t-

+
 

+
 

+
/n

\ 
+

~
+

 
) 

\ 
I 

A
 

~ 21
 

20
 

+
 

28
 

19
 

19
 

+
 

18
 

+
 

11
 

17
 

17
 

16
1 

'>
,L

I 
I 

I 
I_

 
::"

'lo 
I 

v
: 

L
 

I 
' 

..,
,..

.-
1 

L
 

-A
 

I 
>

 
'1

6 
32

 
33

 
34

 
35

 
36

 
37

 
38

 
39

 
40

 
F

ig
u

re
 

1
7

. 
10

-d
ay

 
co

m
p

o
si

te
 

g
eo

st
ro

p
h

ic
 

w
in

d 
sp

ee
d 

(m
/s

ec
) 

a
n

a
ly

si
s 

in
 

L
ab

ra
d

o
r 

C
u

rr
en

t­
G

ul
f 

S
tr

ea
m

 
bo

un
da

ry
 

a
re

a
, 

11
 

to
 

20
 

M
ay

 
19

68
. 



I ~
 - I 

• 
32

 
33

 
34

 
35

 
36

 
37

 
38

 
39

 
40

 
23

 ■
 

, ■ 
::

::
>

i 
t 

<
 

, 
\ 

, 
, 

, 
7 

\ 
\ 

t 
7 

, 
\.

 
i 2

3 

22
 

+
 

22
 

+
 

~
 

21
 

+
 

+
 

21 

20
 

+
 

r 
-
~
~
 

.&
..\

 
( 

~
-
-
I
.I

\
 -

y
-

-+-
J 

l\
,Y

 
I+-

'\.
 

-t
 

-1
20

 

f 
30

0 

j 19 
~
 

\ 
19

 
+

 
A

,
 

~
 

.l
-

IC
 
I
/
 

\ 
\ 
' 

\ 
..

,/
\ 

" 
' 

+
 

ll
r
 

+
 (
\
 

+
 

+
 

\
+

 
~ 

11
 

''
) 

H
~

 
• 
r
.
:
-
~

n
~

\
T

 
-

. 
. 

-~
 

--
~
 

-.
.
 

J1
1 

>
5

0
0

 

16
 l 
'-

8
 

I 
/ 

L
\ 

I 
I 

\ 
I 

•\
 

A
":

1 
,)

 
I 

>
 

'1
6 

32
 

33
 

34
 

35
 

36
 

37
 

38
 

39
 

40
 

F
ig

u
re

' 
1

8
. 

1
0

-d
a

y
 

c
o

m
p

o
s
ft

e
 

la
te

_n
_t 

·h
e

a
t 

e
xc

h
a

n
g

'e
 

in
 

L
a

b
ra

d-
o

rC
u

rr
e

n
t-

G
u

lf
 

S
tr

e
a

m
 

b
o

u
n

d
a

ry
 

a
re

a
 

11
 

to
 

20
 

M
ay

 
1

9
6

8
. 



.fa
. 

I\
) 

32
 

33
 

34
 

35
 

36
 

37
 

31
 

39
 

40
 

23
1 

-\\:
 =

--tJ
 

\..
 

' 
\ 

I 
( 

I 
7 

\ 
I 

\ 
I 

7
''\

_
 

I 23 
\\

 
~~

 
~~

 
-~~

 
~ 

~
 " 

L
~

 

~
 

J 
+

 
\ 

\£_
 

+
/
 

J 2
2 

-\
-

~
 

21
 t-

+
 

+
 

+
/r

7
\~

+
 
/\

~
) 
IX

 J
 21 

20
 

+
 

20
 

19
 

19
 

~
 

+
 

18
 

+
 

11
 

17
 

17
 

' 
16

 
33

 
34

 
35

 
36

 
37

 
38

 
39

 
40

 

F
ig

u
re

 
19

. 
1

0
-d

ay
 

co
m

p
o

si
te

 
su

rf
a
c
e
 

w
in

d 
sp

ee
d 

(m
/s

ec
) 

a
n

a
ly

si
s 

fr
om

 
sh

ip
 

re
p

o
rt

s 
in

 
L

ab
ra

d
o

r 
C

u
rr

en
t-

G
u

lf
 

S
tr

ea
m

 
bo

un
da

ry
 
a
re

a
l 

to
 

10
 

Ju
ne

 
19

68
. 



~
 

w
 

32
 

33
., 

34
 

35
 

35
 

31
 

38
 

39
 

40
 

23
 I

 
I 
I 

_,
,..

.,.
 I

 
' 

I 
\ 

I 
' 

. 
I 

:;
, 

\ 
\ 

I 
7 

I 
<

 
I 

23
 

22
 

+
 

22
 

+
 

~
 

21 
+

 
+

 
21 

20
 

+
 

28
 

19
 

19
 

+
 

18
 

11
 

. 

17
 

17
 

1 
::

U
: 

I 
4 

'I
 

I 
<

 
I 

' 
I 

C
 

,...
....

-I
 

I\
 

I 
>

 
1 

16
 

33
 

34
 

35
 

36
 

31
 

38
 

39
 

40
 

F
ig

u
re

 
20

. 
10

-d
ay

 
co

m
p

o
si

te
 

se
a 

su
rf

ac
e 

te
m

p
er

at
u

re
 

(0
c)

 
an

al
y

si
s 

fr
om

 
sh

ip
 

re
p

o
rt

s 
in

 
L

ab
ra

do
r 

C
u

rr
en

t-
G

u
lf

 
S

tr
ea

m
 

bo
un

da
ry

 
ar

ea
 

11
 

to
 

20
 

N
ov

em
be

r 
19

68
. 



~
 
~
 

32
 

33
 

34
 

35
 

36
 

37
 

38
 

39
 

40
 

23
 1

 
, 1

 
__

__
,, 

1 
, 

, 
\ 

, 
<

 
1 

;,
, 

, 
\ 

1 
7 

1 
\.

 
I 

23
 

22
 

+
 

22
 

+
 

~
 

21 
+

 
+

 
21 

20
 

+
 

28
 

. 1
9 

19
 

+
 

18
 

+
 

11
 

' 1
7 

17
 

16
 i 

'1
'1

 
I 

£ 
1 

I 
L

 
I 

I 
L

 
I 

• 
Y

 
,,.

...
.-;

1 
ll
 

II
 

>
 

1
16

 
32

 
33

 
34

 
35

 
36

 
37

 
38

 
• 

39
 

40
 

F
ig

u
re

 
21

. 
1

0
-d

ay
 

co
m

p
o

si
te

 
ea

a 
su

rf
ac

e 
an

d 
su

rf
ac

e 
a
ir

 
te

m
p

er
at

u
re

 
d

if
fe

re
n

c
e
 

a
n

a
ly

si
s 

fr
om

 
sh

ip
 

re
p

o
rt

s 
in

 
L

ab
ra

d
o

r 
C

u
rr

en
t-

G
u

lf
 

S
tr

ea
m

 
bo

un
da

ry
 

ar
ea

 
11

 
to

 
20

 
N

o~
em

be
r 

19
68

. 



I ~
 

V
I I 

.,, 

32
 

33
 

34
 

35
 

36
 

37
 

31
 

39
 

4G
 

23
 I

 
,I

 
::

::
>i

 
I 

, 
I 

\ 
I 

\ 
I 

;;>
 

\ 
X

 
I 

7 
I 

\.
 

I 
23

 

22
 

+
 

22
 

-+-
--\-

-

21
 

+
 

+
 

21 

20
 r 

+
 
{
~

-
+

-\
{ 
~

V
\
-
v

-
+

 
~
 

I+
 

\. 
+

 
-f 

21
 

19
 r 

f 
+
~
~
 \

 +
 
/
A

/
 /

2
 

Ju 

+
 

-\-
• 1

0
-

+
 I

\ 
+

 
\ 

+
 

\+
 

I 
-i:

.>
rl

 
/
+

 
\
/
+

 
-f 

11
 

17
 

17
 

16
 1

 '
1

' I
 

I 
I 

I 
I
\
 £

 
I 

£ 
' 

,:
:,

 
•)

 
<

 
I 

\ 
1 

16
 

.~_
2 

33
 

34
 

35
 

36
 

37
 

38
 

39
 

40
 

F
ig

u
re

 
22

. 
1

0
-d

ay
 c

o
m

p
o

si
te

 
su

rf
ac

e 
w

in
d 

sp
ee

d 
(m

/s
ec

) 
a
n

a
ly

si
s 

fr
om

 
sh

ip
 

re
p

o
rt

s 
in

 
L

ab
ra

d
o

r 
C

u
rr

en
t-

G
u

lf
 

S
tr

ea
m

 
bo

un
da

ry
 

ar
ea

 
11

 
to

 
20

 
N

ov
em

be
r 

19
68

. 



~
 

0
-

32
 

33
 

34
 

35
 

36
 

31
 

38
 

39
 

40
 

23
 I

 
, 1

 
__

_.
,. 

1 
, 

, 
, 

, 
, 

, 
:;

, 
<

 
<

 t
 

7 
, 

<
 

I 
23

 

2
n

-
+

 
+
~
~
 
+

\A
:I

K
 /~~

l
l
 

+
 

21
 I

-
+

 
+

 
-
V

J
~

 
\+

 
\ 
~
 

~
'
\
.
 

-p
t 

20
 h

 
+

 
~
 
~

{
~

\
+

 ~
-
-
·\

~
 

J 28
 

19
 

19
 

+
 

18
 

+
 

11
 

: 1
7 

17
 

16
 I 

'-
✓

I 
I 

\ 
\\

 
1 

l'l
 \

 
£ 

I 
' 

,..
...

.-;
:: 
~
 

• 
\ 

1 1
6 

32
 

33
 

34
 

35
 

36
 

37
 

38
 

39
 

48
 

F
ig

u
re

 
2

3
. 

1
0

-d
a

y
 

co
m

po
s
i
te

 
g-

e
o

s
tr

o
.p

h
ic

 
w

in
d

 
sp

e
e

d
 

(m
/s

e
c
) 

a
n

a
ly

s
is

 
in

 
L

a
b

ra
d

o
r 

C
u

rr
e

n
t-

G
u

lf
 

S
tr

e
am

 
b

o
un

d
a

ry
 

a
re

a
 

11
 

to
 

20
 

N
o

ve
m

b
e

r 
1

9
6

8
, 

.. 

' ·, , 
~
 

·~
 

1 ;i
 

~ 
.. 

-·--
·1

 
;..

'·:
; 

' 
,! 

,. 
~
 

l);
,,"

'1
,-,

,~
 




