
AO—A067 314 SCIENCE APPt. ICATI ONS INC MCLEAN VA FIG s/lo
THE RESPONSE OF THE SEA BREEZE CIRCULATION TO SEA SURFACE TEMPE—ETC(U)
JAN 76 R M CLANCY. 6 0 ROBERTS N00173—77—C—00 33

UNCLASSIFIED 5*1—76- 723—W A M.

zI ~~ 

_  
_ IliaD:



• ~~~~

I ‘ • IHII=!~11(11’ ~ IitIii~. ~nu~
4

MICROCOPY RESOLUTION TEST ( HA RT

~~~~~~~~ 1



C)
C-;

LU
—J

F



-~ 
-
~ 

-. - -.- ----~~- 
-S- - - -

~
- -- 

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ -~------ ---- - —----—-, _‘

ci?
THE RESPONSE OF THE SEA BREEZE CIRCULAT ION

TO SEA SURFACE TEMPERATURE PERTURBATIONS

GENE RATED BY OCEAN THERMAL POWER PLANTS

SAI—78—723—WA
j / gL ~ 4I 4$!

~~~~~~~~~~~~~~~~~~TLANTA . ANN ARBOR . BOSTON . CHICAGO . CLEVELAND . DENVER . HUNTSVILLE • LA JOLLA
LITTLE ROCK . LOS ANGELES • SAN FRANCISCO • SANTA BARBARA . TIJSCON . WASHINGTON

79 04 i~~



SAl —78—723—WA

THE RESPONSE OF THE SEA BREEZE CIRCULATION
TO SEA SURFACE TEMPERATURE PERTURBATIONS
GENE RATED BY OCEAN THERMAL POWER PLANTS

R. Michae l Clancy
Glyn 0. Roberts

13 January 1978

Inter im Report
January 1977 — January 1978

Prepared for
Naval Research Laboratory

Washington , D .C .  20375

Supported by
Division of Solar Energy

Department of Energy
Washington , D.C. 20545

SCIENCE APPLICAT IONS, INC.
8400 Westpark Drive
McLean , Vi rg in ia  22101
( 703) 821—4300

.z. ~~~~~~ .- -• LW TIt~



— — - — —~~-- . . —

~ ( CU ’ i T v  CL  A S SIF IC ~ A T I O N OF T H I S  P A G E  (I ben bat. Rni.,,dj

REPORT DOCUMENTATION PAGE
I 5I~~PQRT NUMBER 2. GOVT ACCESSION NO. 3. R EC IPIE NT ’~. CA T A ..OZ, NUMB ER

SAI-78-723-WA ‘2RL ~ J1 4.3/
4 ~ ITLL (af ld Subt i I l r )  - - --v ~ OF REPORT J~~Z .~~~~ .EBLb(-‘T ~HE RESPONSE OF THE SEA BREEZE CIRCULATION/ 

~~erim 1~ep~~ t~
“-~~~~ _~~ TO~ SEA SURFACE TEMPERATURE ..PERTURBATIONS I an~~~~~77 - Jan~~~~~78 \

GENERATED BY OCEAN THE R MAL POWF~&J’LANTS - r o~~ . ~~~~~~~
- ~~

- - - - - ‘ ~~~~~~~~
‘ 

~~~~~
‘ 

~~~~~ )~~AI 78-723-WA /
AUTH OR(S) - rr. ?~~ A f r  (SR ~~J M B  a

(1 )~I R. Michael/Clancy (
~Y” ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- --
~

‘ L4 .~ Y~~?:/_
o erts

~~~ EJ49-26)-10Ø5
9. PERFORMING O R G A N I Z A T I O N  NAME AND ADDRESS 10. PROGRAM ELEMENT . PROJECT . TASK

AREA 6 WOR K UNIT NUMBERS
SCIENCE APPLICAT IONS , INC .
8400 Westp ark Drive NONE
McLean , Virginia  22101 ‘— _ _ _ _ _ _  - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I I. CONTRC. .L ING OFFICE NA P . AND A DC, . .~~S -‘ 12. REPORT QATE

NAVAL RESEARCH LAB , CODE 7700A / 1  13 January 1978 —

Washington , D .C .  20375 .‘—
~~~
‘ 

u 12INBtR-OT’PAGCS

_______________________________________________  
14

*4.  MONITORING A G E N C Y  N A M E  6 AC DRESS( II  o~j I f e r . n t  from Cenerolliri é Olfic.) IS. SECURITY CLASS. (of thu r .port)

SOLAR ENERGY DIVISION (
,
, , / i..: 

-;
DOE - -

~~~~~~~~~~

- -  r Unclassified
Washingt on , D.C. 20545 ‘~~~• OtCLASSIFICS.TtON’DOW NGRAD ING

*4 .  D I St R I B U T I O N  ST A T E M E N T  (ol Ibis Report) .~~ ‘

_~~L~~~~~~~~W~-
‘ -

~~~~~~~~~ :-- ‘
~~~~~

- - ‘  - x ~~ ::

UNLIMITE D

*7. DISTRIBUTION STATEMENT (of the abstract .nt.r.d in Block 2O~ I f  dIf I . r . n t  from Report)

UNLIMITED

lB. SUPPLEMENTARY NOTES

NONE

*9. KEY WORD S (Continue on rav•ri• .ld• ~fn.c ...ary and Sd.ntily by block numb.,)

OCE AN THERMAL POWER PLANTS

SEA BREEZE

20. A 9~ TRAC T (Con tinu, on rae., .. aid. It n.c...ary and ld.ntlty by block numb.,)
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description of the sea breeze circulation and estimate its response
to OTPP activity. These estimates are based on observations
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We conclude that detailed model studies of OTEC impacts
on the sea breeze are not appropriate , for three reasons.
First , our estimates of impacts of order 10% , associated with
large scale OTEC implementat ion , appear su f f ic i en t . Secondly ,
the s t a t e—of—the—ar t  in sea breeze modeling and in the para—
meterizat ion of boundary—layer mixing and of cumulus convection
is probably not yet adequate for such model studies. Thirdly,
the impacts are small , and affect only a limited area ; thus
significant expenditures are hard to justify .

We have not ruled out the possibility of significant
climate impacts associated with the lowering of the sea surface
temperature by OTEC. This question is beyond our present scope .
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Section 1

INTRODUCTION

p

Ocean Therma l Powe r Plan ts (OTPP ’s) will cool

the upper layer of the ocean and reduce the sea sur face
temperature (SST). If this SST perturbation extends near

• shore, it could possibly affect the sea breeze circulation .

In this brief report we give a short description of the sea

breeze circula tion and estima te its response to OTPP
activity. These estimates are based on observations rather

than models.

We conclude that detailed model studies of OTEC

impacts on the sea breeze are not appropr iate , for three

reasons. First , our estimates of impacts of order 10%,

associated with large scale OTEC implementation , appear

sufficient. Secondly, the state-of—the—art in sea breeze

modeling and in the parameterization of boundary—layer

mixing and of cumulus convection is probably not yet

adequate for such model studies . Thirdly, the impacts are

smal l , and affect only a limited area; thus significant

expenditures are hard to justify .

We have not ruled out the possibility of signi-

ficant climate Impacts associated with the lowering of the

sea surface temperature by OTEC . This question is beyond

our presen t scope.
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Section 2

THE SEA BREEZE CIRCULAT ION

p
Available potential energy is generated locally

when the atmosphere is subjected to differential heating

cuased by the daytime land—sea contrast in surface tempera-

ture at a sea coast . The sea breeze circulat ion converts
the available potential energy to kinetic energy , with warm

air rising over the land and cooler air descending over the

sea. The land-sea thermal contrast is often reversed at

night and a land breeze forms with a sense of circulation

opposite to that of the sea breeze . The land breeze is

usually weaker than the sea breeze .

The horizontal extent of the sea breeze cir-

culating is large enough that the earth ’s rotation is

important . Consequently, t he sea breeze win d vector
usually turns clockwise with time in the Northern Hemisphere .

Thus , as the sea breeze begins in the morning , it is almost

perpendicular to the coast , while by its mid-afternoon peak

it has been deflected typically 45° to the right .

The sea breeze phenomenon is na tural ly dependent
on the synoptic (large—scale) distribution of wind , tem-
perature , and moisture. It is obscured or non-existent when

there is a strong synoptic wind component normal to the

coast. We are concerned particularly with conditions at the

Gulf of Mex ico or the Atl an ti c coast because the Ca liforn ia

coast does not provide a therma l resource adequat e for OTEC .
On the Gulf coast , land topography is not significant. The

sea breeze is strongest in earl y summer , when the land-sea

temperature difference can be as high as 20°C.

2—1
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When the prevailing large-scale wind is weak

(less than 2m/sec) and approximately parallel to the coast ,

the sea breeze circulation develops first in the immediate

vicinity of the coast and then grows both horizontally

(seaward as well as landward) and vertically. The zone of

low-level convergence which separates the cool air (advected

landward by the sea breeze) from the warmer air inland is

often (observed to be) sharp and is referred to as the “sea

breeze front” . The upward motion in the sea breeze front

often gives rise to cumulus clouds (Wallington , 1960). The

landward propagation of the front is a highly nonlinear

phenomenon .

The following table gives typical magnitudes

for the observed sea breeze in the coastal area of the Gulf

of Mexico . As remarked earlier , the phenomenon is dependent

on a number of synoptic factors , and these values can be
regarded only as characteristic. For each land-sea
temperature difference , the table gives the maximum surface

wind , and the landward and seaward extents of the sea breeze .

The last two en tries are for the lan d breeze , with a negative

temperature difference . Cumulus convection is most important

for the larger temperature differences.

TABLE 1. TYPICAL SEA BREEZE MAGNITUDE S AS A
FUNCTION OF LAND-SEA TEMPERATURE DIFFERENCE

Temperature Dif ference
~T°C 

20 1 —5 -

Max imum Wind rn/ s 6.0 2.7 1.5 0.6 0.5 1.0

Landward Extent km 150 100 50 15 8 20

Seaward Extent  km 50 35 25 20 12 35

2—2 



Section 3

SEA BREEZE MODELS

I
Since nonlinearities are important in the sea

breeze circulation , it has most often been studied with

numerical rather than analy t ica l  models . Estoque (1961)
was probably the first to undertake a numerical investiga-

tion of the sea breeze and since then such studies have

proliferated. Most of these studies have been two-
dimensional , although the work of Pielki (1974), who studied

the sea breeze over South Florida with a three—dimensional
model , is a notable exception .

The various numerical models give qualitat ive

agreement with the observations , and with the numerical

values summarized in Table 1. The main features of the sea
breeze , inc luding the  surface wind  speed and direction and
its variat ion through the day , and the advancing sea—breeze
front , are qua l i ta t ive ly  reproduced in at least some of the
models. However , precise quan t i t a t ive  agreement has not
been obtained.

The existing sea breeze models have room for
improvement in two areas : parameterizat ion of subgrid—
scale heat , moisture , and momentum fluxes in the boundary
layer and the parameteri zation of cumulus convection in
the ascending branch of the sea breeze cell (see Wallington ,

1960). Although steady progress has been made on the f i rs t
problem over the years , very litt le progress has been made
on the secon d.

3—1
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Sect ion 4

SEA BREEZE MODIFICAT ION DUE TO OTEC

p

The removal of heat by OTEC from the surface

layers of the tropical ocean will result in a slight

lowering of the  mean sea surface temperature , as di scussed
by Piacsek , et al.  (1976),  Mar t in  and Roberts (1977) ,  and
Roberts , et al.  (1978). This is so whether separate or
mixed discharges are used. The heat balance is maintained

by a reduction in the surface heat loss (pa r t i cu la r ly  due
to evaporation ) associated wi th  the reduction in surface
t emperature . Large-scale OTEC implementat ion in the Gulf
of Mexico could result in a reduction of the mean sea

surface t emperature by as much as 10C.

The e f fec t  on the regional climate of such a
change is beyond the scope of this  report . Similar climate
studies have been performed by others , using numerical
models of the  general circulat ion of the  atmosphere , w i th
inconclusive results. Here we are concerned only with the

modif ica t ion of the  sea breeze due to the  al tered land-sea
temperature difference , assuming fixed large—scale synoptic

• condit ions.  Thus we do not address the large r question of
regional climate impacts.

The impact of an altered sea surface temperature

• on the sea breeze can be estimated from the observational

data base , on the assumption that the main factor in

determining the magnitude and extent of the sea breeze is

the land-sea temperature d i f f e r ence . As discussed above in
Sect ion 2, the other factors (synoptic atmosphere conditions

4— 1
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and topography)  are less s i g n i f i c a r t , and can be r egarded
as f i x eu .  The lowering of the  sea surface  temperature w i l l
result  in a s l ight  increase in the magni tude  and extent  for
the sea breeze , and a s l ight  decrease for the n igh t  land
breeze .

A quantitative estimate for the modification can

be made from the observational data summarized in Table 1.

The strongest sea breeze effect is associated with a

temperature difference of 20°C , occurring at mid—afternoon

in the early summer around the Gulf of Mexico. Reducing

the sea surface temperature by 1°C would increase this

difference by 5%, and from the table , would increase the

magnitude and extent of the sea breeze by about ~ Ci~1~

For weaker natural temperature differences , the

percentage changes in the land-sea temperature difference

and in the associated magnitude and extent of the sea breeze

will be larger. However , Table 1 demonstrates that the

magnitudes of the changes will be smaller.

Our estimates of the modified sea breeze

associated with a reduction of the coastal sea surface

temperature by 1°C , with fixed synoptic conditions , are

given in Table 2. These estimates are based on interpola.-

don from Table 1. The temperature reduction by 1°C should

be regarded as an extreme figure , associated with large—

scale OTEC implementation in a limited area. It should be

noted from the table that while the sea breeze is increased ,

the we aker n ight  land breeze is decreased.

4—2 
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TABLE 2.  ESTIMATE OF SEA BREEZE

INCREASE DUE TO A 1°C LOWERING
OF THE SEA SURFACE TEMPERATURE

Natura l  L~iT 0C 20 15 10 5 —5 — 10
Increased L~T °C 21 16 11 6 —4 —9

Maximum Wind rn/s 6.8 3.0 1.7 0.7 0.4 0.8
Increase rn/s 0.8 0.3 0.2 0.1 —0.1 —0.2

Landward Extent km 160 110 60 30 6 16
Incre as e km 10 10 10 5 —2 —4

Seaward Extent km 53 37 27 11 10 32
Increase km 3 2 2 1 —2 —3

p

p

p

p 
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Section 5

CONCLUSIONS AND RECOMMENDAT IONS

Our estimates of OTEC impacts on the sea breeze
are given in Table 2. Impacts of smaller or larger reduc-

tions in the coastsl sea surface temperature would be

roughly in proport ion. These estimates are based on sea
breeze observations , assuming the land—sea temperature

dif ference  is the main determining fac to r .

We do not recommend detailed numerical  model
studies of the sea breeze and the OTEC modif icat ion .
There are three reasons for th is .  First , our estimates of
the modif icat ion are probably adequate , and r e f i n i n g  of
these estimates ( inc lud ing  the effects of synoptic condi-
tions) could be done using only the observational data

base . Secondly , the existing numerical models and the
parameterization of boundary—layer mixing and cumulus

convection are inadequate for a fu l l  quan t i t a t ive  study
in two or three dimensions. Thirdly , our estimates imply
that  the  modif ica t ion  is smal l , and a f f ec t s  only a l imited
area , even for large—scale OTEC implementat ion . For
surface cooling by 1°C , the largest wind increase estimat e
is from 6 rn / s  to 6.8 m/ s , for a natural  land—sea temperature
d i f fe rence  of 20°C.

We recommend that further consideration be

given to the poss ib i l i ty  of s i gn i f i can t  regional climate
impacts associated with the lowering of the sea surface

tempera ture by OTEC . There are var ious methods of approach-
ing this problem ; some involve statistical correlations of

observations and some involve modeling. This issue is

beyon d our present scope .

5—1
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