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CHAPTER 11

NEW EVIDENCE ON THE CLIMATIC CONTROLS
ALONG THE PERUVIAN COAST

Federico . Prohaska™®
Depariment of Geography, University of Wisconsin, Milwaukee, U.8.A,

‘the subiropicaldropival west coast doserts hawe
always drawn a great deal of aitention because of thely
apparently anpemalous characterisiies, Among such
ceasts, the coast of Peru atiracted the mest altcntion duc
o its population concentravion and unigue bicclimale
{Knoch, 1930; Meigs, 1966, RudicHf, 1959; Schweigger,
1964; Unanue, 1940). The Peruvian coast is noteworthy
z2iso for other clhmate peculianiios such as anomalous
eguatorsard extenston of desertic conditions, grest unk-
formity and stebifity in the weather, high degree of atmo-
spheric humidity during the entire year, and, last but
not least, a nearty uninterrepred stratus layor that hovers
over o great part of the coast during the winter a8 the
way from northern Chile northward to about 895, Other
striking features are the large number of hours with
precipitation that totals cnly a aeplipible amount, the
large annual and small duily ranges of temperate
{onysual for o tropical latitnde ), the increase of thermal
oceanity inland (decrease of annual temperature range),
and the high porsistency and shallowness of the trade
witds,

Cine wonders why it was jusl in this awpical tropical
coastal climate that the most important place of warship
n pre-Columbian time (Pachacameac} developed, a wor-
ship of the God of Sun in a place where the sun is not
visible nearly half of the yveur, while only a fow mikes
intand it Is shining practically all the time, By the same
token, one wonders why Pizarro founded Linm just in
this spot, to the surprise of the Incas, rather than on
the coast or farther inland, for certainly he was aware
of its rather dreary climatic characteristics. Howaver,
#s i has turned out, the presence of the cknd cover und
contmuous adveetion of marine air, which regulate the
temperature, probably have beea the most important
factors conduclve 1o “the fast growih of the Peruvian
capital, Metropolitan Lima, with Far more than two mil-
tion inhabitanis, has become the fargest city of the
Pacific coast of South America and is outstanding among
tropical coastal cities for its high concentration of non-
native population.

Discussions of the Peruvian coastal climate in geo-
graphical hterature have always mentionsd the obvious
controls, such as cool orean wmperaiures and temperi-
ture inversion; but such discussions were Emisd by lack
af perological information and had w be based on what
few surface data wera available sad what comparisons
could be made w;zﬁ similar cosstal deserts in other
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aridity.

purts of the world {(Lydelph, 1957; Trewartha, 1961).
Such studies could pretty well explain temperature and
humidity conditions at the coast but could not explain
fully the almost complete luck of precipitation, which is
the most outstanding cimatic feature of the arca. Such
cxplanations can be adequately based only on upper air
data, which mdicates the degree of stability in combina-
tion with the avallable water m-)fxf.
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be deduced only in geners! ferms from surface prossure
fields. Even these are ot well known in this srea. Radio-
sende dats, howover, are availabie from over Lima for
the deeade of the 1960s at least, and much more is
Enown about the circulation and thermal structure of
the easterp Pacific Ocean (Wyrtki, K., 1964, Wyrtki, L,
1967, This noew information aflows a more genctic
approach to understanding the special feateres of the
Peruvian coastal climate. This chapter will concentrate
an an analysis of the more recent data of the central
Peruvian coast. Only the pertinent facts will be treated,
and no climatography of the general arez will be at
tempied.

Sources of Datat

“For Lirma aboar 2,750 ridiosdnde records hive been
subpmatized: for the poriod 1957565 dn the form of
averages of height, temperature, and relative humidity
for the different pre.:asuu fevels at 50-nuftibar intervals,
Wind statistics exist only for the mandatory isobaric
levels {surface, 850 mb, 700 mb, and 300 mb) over the
peneé 1957--1962.% In addition, the avthor made wse
of daily radiosonde observations of the entire year 1967,

# Deceased.

Frhe author pratefully acknowledges the help of authari-
ties and staff of the following agencies in preparing and
copying data: Agrartan University, La Molina: Servicio
Aummetmxulomm e Hidrometeorologico (SAH): Cor-
poracion Peruana de Aeropuertos y Aviacion Comercial
(CORFPAC): Direccidn General do Meteorologia,

These data are available from Environmental Science Ser-
vices Administration {E55A), Weather Burean, Washing-
fony, IO, o microfiim or print-out farm.
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The launching hours were at 0700 Limn thme (1200
GMTS from Ocmober 1957 through June 1961, and
1900 Limae time from Octaber 19357 through Septem-
ber 1964 and since July 1961,

The mean monthiy surface prossure val
American wost eoast belween 34 ’*x and 3075 wore taken
from Workd Weather Ruecords, 19311960, and from
unpublished records of the Peruvian coastal stations st
Fuatura, Chiclaye, Linm, and Tacna. Moreover, for the
vear 1967 the following data bave beon analvzed s Hourly
‘-u;'feu:e observations at Lima Atrport, (27018,

FTUTW, 13 metors elevation, 3 kilometers infand in a
straight Hine or & kilommeters in an upwingd direction from
the coasy; climatio statisiies of the meteorological obser-
yatory “Arexander von Humbold” La Moling, 12705878,
FETSTW, 23% mezters elevation, 13 kilometers from the
cOast; ’h-*ce daily observations at Matucana, 1175078,
TEU24NW, 2374 maoters elevation, ¥0 kilometers infand
from *‘n coast. Porsonal observations of cloudiness and
other phenomena during the year 1967 added insight o
these date. A tropical ion such as this has the dis-
tact advantage of consistent weather patterns so that the
results of o &mmugh study of ¢ a short period of
timg, such as ong mmp%etc annual oyele, can be instrug-
frve and guite s
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Eoutheast Pacific Trade-Wind Circulation

'I'he trade winds have a manifold effect on the constal

climaie. They cause cool ocenn currents and w pwelling,
c-spcuai?}_ af the coast, and hence keep the marine layer
cool and moist. By contrast the air above the marine
taver s dynamically he

&1 L:d by subsidence. Thesresult
i wér-szzm'- f'in'é

!rxj or cksu{ :
The average prossore distributon exhibits in winter
@ high-pressure ridge over South America connesiing
the South Pacific and South Atantic anticyclenes; in
strnmer o low-pressure trough extends from the equator
south over the wopical west coast, Over the southeast
Pacific at 90O™W the pressure difference belween the
subtropical high and the equatorial wrough, which acti-
vates the trades, is &p,;ru%mz sely 10 mi fHlibars. During
the year this difference is nearly constant but shows a
latitudingl displacement. During January it axtends he-
tween 2578 and 5TN, while in July it shifts to a pesition
between 2075 and 107N, As a conseguence of this lati-
md‘nai shifting by seasons, the atmospheric pressure
ong the Pc.nman coast during the southern hemispheric
winter is 3 to 4 millibars higher than during the summer,
This range decrcases wward the cquator to around onc
millibar. This seasonal variation in pressure patlern ks
un}v another vxpression of & more intense subsidence in
ater than in summmer that is abo evidenced by the
higher temperaiures abmc the trede-wind nversion in
winter than in summer.
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The marine layer befow the inversion has just the
inverse annual temperature varistion. As g conseguence,
the thermat differcaces between the swo layers, separated
by the inversion, §8 greatest i winter; therefors the
stabiiily 1s ab i3 maximum, Such u scasonal vetiation of
the intensity of the imversion is observed along the
coastal aren rmm thmdor o ng rlhcm {"hi*" Thc :‘n'—xiv

’Jk inversion at m!., wmmi k_’cr-\:w:-m goast and ms
climatic imphcations,

Figure 11-1 exhibits the annual variation of the atmo-
spherie pressure field along the tropical Pacific coast
in dewail. It shows that {13 in no season does the
meteorclogical equator colncile wiﬂ‘ 1}1” seographical
eguator bur les hetween FOYN and 157N latiude: {2}
the intertropical ii‘i m-_rh varies only azghﬂy i position
ard mte ne year; £33 the pressure gradiens
continues fhe peogrephical eguator during the
entire year along the South American coast and is
stronger i winter than i swmmer becouse the high-
pressure influence extends nearly 1o the equator aitmrw
the winter season: (4) a distribution of absoluie values
antd annual variations of pressure along the Pacific coasts
of South and North America that is different and asym-
metric with not only the geoeraphical equatar but also
he intertropical convergence vone (ITC), or however
this region may be defined,

Figure 11-1 also shows the known inverse relationship
hetwesn aimosph"‘ng kurfgw* pru‘aura, and oceanic sur-
fnce temperature,:F £ cveals itiitiile
tropical: i'e-mpem'n-zru- { d-bwc 2650 are found 'onaf in
he Northem Hemisphers: The ransition to cooler sub-
tropical waters Is concentrated in each homisphere in a
refativety small area (berween 20°N and 25°N and
between U7 and 378}, and so are the praNnu gradients,
Even though the pressure data for figure 151 are based
o only Bve stations in the Southern I—ium»pi ere wnd
seven (n the Northern Hemisphere, the pressure pattern
derived can be considered reliable sinee it is confirmed
by the independently observed ocean temperatures.

The climatic effeots of the trade winds and the con-
comitant phesomena along the eoast are determined W
a great degree by the orientation of the coastline in refa-
tien o the direction of the trade-wind flow and by the
topegraphy of the hinterland and its influence on the
cireulation pattern {Lettau, 1967; Lydol ph, herein),
Such features are different from continent to wqmbnt
which exhibit low-latitude dry  coasts. Thﬁf""

P

oYY 147 "md ﬂm; c_nanm_‘a FTeet
..~§;§: {mct on miztiu ’;m} 1y ihx:'{--'

3 éd a}zrwm}ﬂ 311 qdcizmn i]m Am(mH rm ;zh’z st
m:muimtd from the coast to a mean crest height of
4000 o 5090 melers poleward of §°% The coust
therefore, is well proteciod from tropical air masses in
the Amazon basin, and the orientation of the mountains
paraliel to the coast must have o channeling effect on the
trade winds,
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Fig. 11-1. Annual variations of :tmos;}l*eric pressure {1,000+ mb} and cosan surtace
tempersture {70) atong the 'west coast of the Americas between 30°N and 3078,

Adl these facts aken inte consideration, there s
reason 1o oxpect any similitudes of climates at corr
spﬂmh s latitedes in the two im;;wpmrus aioxw ah—;f

n i .\-}-:h’mg-.as i
g __;_hui is; thergeographival
; '_-1{5"‘« iaui;:de coastak

Winds Along the Peruvian Coast

: _ sy Thm*whﬂuz the year the trade winds biow glong the
1 {}'1 iha ér LEL_\’eH‘h} uu.nimcsn. *mi s eruvian coast and exzend northward to and even soross
: mi?e thetfpengraphict fovation, then (ﬁc peoprapiieal equator, The nearly cobstant direction
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TARLE 1141

Mignihiy Averages of Pressure Ditferences and
Winds i&ﬁe}ng the F‘emvzan é‘*‘cs:asi

) #; J‘ Y S 0 ¥ D
Prassure Dilferonces in milihars betwaen Tecra, 18°14'S ond Talara,
4°94'S {1957-19658)
23 o021 27 23 34 4D 49 29 43 37 28 727
Prevailing wind divection (B frequeney (9% and speed (5p} int Knots
Puerts Ghicams, 7°42°5, 4 PM{1541-1853)

b S SE 5 St
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Steadiness of resultant wind veetor (%)

9 ®1 28 8 583 84 84 B4 87 3% 2% &%

Tacra, 18°14'%, 3 dally chservations {1936)
i & 38 b 5 5 5 5 3 R A S
30 3 8 F & 3 3 & 5 & 5 4

%lmalqﬂw umfnrm is the wind speed along the coust
and woross the islands (3-’*‘ hore, where it is goncrally
sironger (table 11-13. The average velocities are imited
to between four and nine hnmb, with a twendency toward
the lower limit dering the frst half of the year and toward
ilie higher limit in the second hall, In Lima, the resultant
dally wind dircetion is from the south during the entire
vear with a persistency in is vector between 60 percont
and 90 percent. Therefore, the rosultant wind speed s
oley a hw; 1(,\*; tfmn the mma% peeds,

TABLE 11-2
Resuitant Wind Direction {8} in Azimuths,

and Average Wind Speed{Sp} in Knois,
Over Lima in 19571562

B50 mb (1500 v appront

¥ 57 383 342 375 0 288 334 337
o 58 54 33 h4 55 84 5% 58
Besullani Speed

13013 18 14 06 08 0F L1198 g4 R 13

Stoadiness of resultant wind vestor {98)

ECO LS B S ) N N I AR 5 S S NS - B4y
T mb (3140 m spprox.}
o 0G0 327 342 113 148 138 129 18 337
Sp 74 78 5% BE 23 7HE 73 73 83
500 mb (5860 m 5;3{*{51 i
I 130 10% :
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and fable 11-2 reveal that at ¢ ‘\ﬁ; milibars, or abeut
1,500 meters above sea lovel, NW is the most froguent
mnd dirsetion and is the direction of the resuliant wind,
This direction i3 most predominant dorng December
through April, Alse during the period of the strongest
devetopment of ih_b trades, June through September, the
NW owinds are stil more frequent than the S8 winds,
The steadiness of the resultant wind veetors at this ali-
tude is very low, particularly in winter {around 1 por-
centd, and the resultant wind veloohty v only 2 fraction
of the gotual wind speed. Further aloft, between 50 and
SU0 millibars, the wiad speed s stronger in winter than
in sumnier, Thus, 1 winter there i @ rapid decrense in
wind speeds downward toward snd within the {riction
{miarine} layer, This change s no doubt enhanced by
the strong temperaiure inversion that exists during this
time of vear. The result is a nearly opposite annual vare-
aiton of wind speed in the murine layer below the fovver-
sion where a suimmer maxkimum prevails and i the sub-
siding air above the iaversion where the winter maximun
prevails. These aorological conditions over Lima will be
reated in morg detall elsewhere in connection with the
compurison with the climate of the Peruvian highlands,

Temperature Inversion

The equatorward extension of the trade winds i3
accompanied by a continuance of the trade-wind inver-
sion. Salinas, at 278 (U8 Navy, 1959, shows inversion
conditions similar to those a1 Lima 1275 The ingversion
is a function of both subsidence-indured adisbatic heat-
ing from above and cooling from below, and hence us
day-to-day and season-to-seavon variations depend upon
surface and upper air condittons, bath of which are a
direct consequence of frede-wind intensities and pressurg
fields. To obtain an insight inte freguencies of ovcur-
rence and anpuzl vanatons of height, intonsity, and
thickness of the lnversion, it was necessary o evaluale
daily radiosonde data according to the significant levels
for one entire vear at feast, since ESSA data averaged
for each 5G-miflibar leve! smoothed out the characier-
istic inversion features. The following discussion Is based
on the daily 7 put radiosonde observations for the voar
1967 at Lima, a vear which cxperienced no major ofi-
matic abnormality on the coast.

Druring 1967, of all soundings (320 total}, 93 pereant
showed o surface lnversion, 2 percent showed isothormal
siricinres, amd 3 percent, normal lapse rate conditions,
up to B850 millibars at least. The seven days with so-
thermal structures were scattered between Drecember and
Aprll, and the tea days with average lepse conditions
werg scattersd hcmcm }amm:x and March. Heneey from
May:through? on was presentwiths
ol :;;1t¢;'_gupt.;i_(}3s.--.;:z-sz zim;g;_a radiosonde observations
were skipped 2

fow thmes within this period, it seems safe
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to assume that the inversion was present taoughout the
poriod,

Sinee an inversion constitutes a convectional “{id”
between the marine layer and the layers above; it
becomes a controlling factor on the coastal climate
throughout the vear. Such a persistent inversion is oxtra-
ordinary anywhere on earth, let alone in tropical iati-
tudes. The compurisons of 10-vear averages For Lima
with the U8, Standard Atmosphere at 13N (LS. Stan-
dard Aumosphere, Supplements, 19661 demonsirates
that up to 800 millibars {2 kilometers) the troposphere
over Lima i markedly conter than the Standard Atmo-
sphere, which reveals the strong oceanie influences, but
between 700 and 270 millibars (10 kilometorsy it be-
much as 47C warmer than the oo srosponding

157N, which indicates the great importance
of subsidence over Lima. The o effects together are

responsible for the extraordinary stability at the Peruvian
coast,

In spite of the persistency of the inversion, its struc-
ture and vasiability differ markedly from summer o
winfer in conjunction with the change from low-pressure
to high-pressure influence along the Peruvian coast. As
an example, the mean monthly structures of the veriical
temperature distribution for the twe seasons are repre-
sented in Juxtaposition in figure 11-3. 1t %nmmm smme-
dintely evident that the wiirter Ivpd reisvbatnre
Angdeswind (sabsidence Jinversion, unci'-{'%'}a':‘:'ﬂmiﬁéf‘r‘-t 3
reprosentsthe combingd effdets of henting by subsidence
frome above and. cooling: by oceanic. influences from -
below. The change of the siructure of the i inversion is in

COMER &%

mb  Relative Humidity
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relation to and only a symptom of the changs in ttahnm
that takes place not only at the coast and along the west
swde of the Andes but over the entire western part of
trapical-s: hma}pwa South America south of the cguator,
The trade-wind inversion type, which is ;rnmﬂ;\t June
through September or October, eoincides with the dry
spason in the Andes and the upper Amazonian watershed
and signifies the high-pressure influcnce over this entire
region at this ime of the vear, while the summer- tyre
imversion comneides with the rainy sceson, De Lmzim
through March or Aptil, gnd 5135‘;1&,—; the influenee of
low pressure
The different controls and struciures of the inversion
in different scasons have different influences on the
narine fayer and hence on the eoastal elimate, Therefore,
the analysis of the Tocal climate will be broken down by
SCASONS,

Winter or Trade-Wind Inversion and
Climatic Consequances
{(May 16 through September 30, 1 1867}

Along the coast of central. Peru winter cencimunq”
preve aiba _im;a % ;ﬁrmmw causeiof the d
. wally from: June threu;

0T, O‘.mher §L ;»»"‘1 parent that winter in 1967
started on May 1 whes this type of inversion was fist
observed. The end of the winter a;%‘xuafﬂ} taken as
September 30 in order to have c}imaa ic statistics averaged
aver a period approximately equal in length to that con-
sidered to be the summmer season, as discussed Iater, This

Dew Point and Temperature
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omoewhat by the fact that other parameters
:th, solar radiation, and surface tempera-
changes arowskd the end

was justified s
such % day leng
tures staried 1o show seasonal ¢
ef Sﬁptsmhﬁa in spite of the fagy that theitradé-swind

: with it the stratus layer. persisted

mta .tf}etob:‘f :

Characteristics of the Inversion

The main characteristics of the inversion during the

winter season are Htustrated y fgure 11-4. Thednverss

base fluctusted between 300 and 1,400 metors sbove sea
Sevel it piost Treqlent Beeurtentes bobwes

sy Basewere

SH0Gmeters: The temperatures of the inve
The inversion

FOSt: irgqhari‘d} between 0% and P17,
top | fuctuated between 650 and 2,250 meters, with the
mode at 1,500, The temperature at the inversion top had

4 maode between 177 and 2070, The ioversion depth

averaged about 830 meters, had #s mode at 870, and
varied from 200 to 15300, The temporature incrense
through the inversion was generally between 67 and
H7C but amowited fo as much as 157, The corre-
sponding increase of potential temperature variod gon-
crally between 147 and 187K but reached a maximum of
237K. The average lapse rate through the inversion, thus,
amounted to approximately ~-117C poer kilometer and
showed a frequency mode of —157C per kilometer.

The tnerease of the vardability vpward was common o
all elements represented in figure 11-4. The interdiurnal
variabiiity increased also For both pressure and {empera-
ture from the surface up to the top of the inversion, At
the top of the irwcmim “ﬁ pcrccm caf thc intaraiumat

{40 my, w?u e at ti:n_ inversion base 43 percent of ﬂ]b
interdiurnal variabilities ly within these Hmits. The max-



s interdiornal cariability @z the 1o wowas 100 miiibars
or 900 meters, white at the base 1t was enby 80 milkbars
or 340 meters, Therefore, the infterdiurnal variabiliz v of

the depth of the inversion resulted primarily from flue-
{‘L::iumzx in the height of the inversion top. Such a condi-
onis an o mwm comseguenc of >1'a%réidé:nf" SR ai':-c m'iu

*md;mm inversion, :‘%

iles w;a&-‘;m
2nt mf the coses at the basse
srsion and i 50 percent of the s at the ton,
o top. day-to-day changes of as much as
47 10 670 were not infreguent. The normally inverse
mversion
i_)u.ring 12‘}9 SRIIE

'f;:l (, in 66 pc:':‘-“

¢Lﬂmpxh:;ﬁ between depth and intensity of the
was only \luim}- expressed in 19467,

1t
of the base of ”‘n inversion and i?;w hiiriy ’Ht of the tup i‘;i’
the imversion, bolween temparatures ur the base zad the
top, or between the mversion structury and ve

Chasges in wind direction and?or speed,

Ammospheric Humidily

The steady onshore wrade winds, togesher with the
tvarsion, have o strong influcnes on the humidity con-
tent of the marine fayer, The winds increase the SVADRO-
ration, but the inversion inhibits the transpart of water
vapor upward, and the coastal mountains ntereept 1S
lgmm; i .z,&;m H; .uu 'iéhn ] :

a. cenlrast that
: The result

i o marine iiur mfum d nearl u mmawh{mz its depth,
with a low and sable stratus cover prodused by contin-
uom mm“g below ihe ulVC‘h;Oﬁ

s B8 poreent
St : fithe Hourly
wovahy it below: : CBven a0 2 pat, when
the daily temperature is usually at a maximum, the mean
vaiue of the refative humidity was above 80 percent, The
strong contrast between the humdd marine layer below
theinversion and the dry air abave the inversion can hest
be illustrated by the mixing ratio. The uniform values of
9 grams per kilogram in the marine laver decrease to 3
grams per kifogram at the top of the inversion, Vxh;dz
coriciponds to o decroase i reh{ma humidity.aeriss th
Hversion from 100, pergent’ ot the bk to 20 prvabnt
' the tops

g

.t‘_‘.!

bt

Clouds

Thv’: 5tr;-mx the marine Jayer i extracrdingry dn.its
ng the-winler of 196790 percént of uli

aaeg { cloud cover: ﬁf more Ihma B3y gmc;m

ui uniw 3 m 7 Oi\idS i‘m £y ihL eﬁ!m

had "; dou&;m
mf‘?er p,x;ad mf‘f
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F‘L;}_»:_i ;!z}ﬁ;;lm@-m-.u_ma_;,“ An mrimr s,,tudy had ~huxm tha

during the period 19431950, fow-cziling ?"i‘(}!‘{iﬂfiwﬁ
below 120 meters had an Inverse relationshin to wind
Spa *d ((Hd\f\_v l%q T‘%Wrcf{ Pt appess shat-nightly

01*2‘; o few émmén_l mters Huck and
3 prosimately 1o/ theinversion iﬂ ase. b
thickness 15 a funct: wmof the strength of the mm,zw pros-
cess in the marine layer (mising condensation lovel’ and
the height of the inversion base, which depends on the
simuttancous intonsity of substdence from alofi among

m?n-:; s, This can be deduced from daztime cloud
?uh*m at 235 meters elevation, 23

hservations di_i; : .
i ot ' chatrport, During periods when both
stations had overcast sky, the marine layer was de
and inversion stronges than normal. That is, the invers
base was higher with a correspondingly Tower tempera-
tave, and the inversion top had a hwhu fomporature but
only & shightly higher altitude. Hence, the temperature
gradiont across the inversion was nearly twice as great
as it was when the stratus was rather thin and the sua or
sky was partiaily visible ai La Molina, Above the inver-
ston, the western sopes and the hizhlands have very
small amouniz of ¢ h*zm, 2 10 4 okias durlng winter, which
consist primarity of cirrus, the typical dry season clond
type,

Precipitation

The continuous advection of maring air inland and the
resuliant concentration of water vapor befow the inver-
sion cause frequent saturation in the surface layer during
mightiime, This factor, together with stropg noctumal
cacling as @ result of intense net long wave radiation from
the cloud top into the extremely dry atmosphere above,
increases the instability in the marine layer and leads to
frequent drizziers, callcd goriie . Fhis iy a typical night and
eariyanoming phenomenon all along the Peraviag coast

Biuring the’ toE pabiie Wag récorded B 7T isurs
Lima Adrportowhich produced s toial amount of pres
cipitation of only 6.1 millimeterdo I otcutred most fre.
Guently-between: bl et and Ooam, during which slightly
more than half of aii days revonded - garta. It was least
evident in the afternoons between 12 pa and 5 pm.
This proanvunced daily variation applies enly to the
coastal strip itself. On-the slopesand Bills Uomasy:
between HOO and, 200 meters: aad about 700 10 800
meters; where the-inlamd advansd of the marine w1
Ifud.-{xnumpﬁm Iy sl continuous deizzle s experis

encod-inthe poatact zoie of the stratdy with the grodmd



Now Evldenee on Clinatic Controls
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czﬁch&cr, once 1%.5 ;;mv,t,x is

the soil bepaath the v

started, etation receives smounts
of water several dmes greater than would have been pro-

duced on a barren stope by garda processes alone, This
i turn fosters further vegetationa! development, Here
then i a case of vegetation scting not primanly as a
wairr-consuming factor but as a wawr-producing factor
fn g sel-increasing provess, £ % Thy
tietandiiape el e zone ol intoptive
gmgim 'm% b;m cen mmplud
hoth : : e
Qm{gé.:_agg _ﬂp_{}s_-i’ _'¥_ \?mtgsk The botanical
aspect of this siﬂg'u-i;,tf ’wc‘ seasonal phenemenon has
been widely investigated {Weborbauer, 19457, and it i
nei neccssary to enlarge u;’uu i here, even though itis a
direct consequencs of the rade winds end thelr intrinsic

i pdinhy
verdon pasiunewith
soiiio, landsoapes

inversion. From October through Docember as the
stratus cover and 113 gardg precipiation fades away, the

vegetation stowly disapy poars, and the landscape chanyges
back once more to the uniform, almost complete desert
s charactgristic of the fower part of the westorn stope
of the Andes.

Temperature

Another direct effeet of the stratus cloud cover, or
indirect effeet of the laversion, is the influence on the
insolation and ultismately on the wemperature in the

marine layer. Singe during the winter about 80 percont of -
sk i’sidmiiﬂﬁ Anoreflectod or.

the: ncoming. s selariand. s
d- by the clouds, it Bras dittle efoct ontempera-
s Thusy Su;rf_au:_la,mpm_au;rcs; alongthe coast-depend
almest entirelyonithe tﬁ:m;'}emmm ofthe marinewdrthat
is belny advecied inland by the onshore compbnent'of the
srade winds.

During the winter of 1967, the daily water wimpera-
tures st La Punta (Callao) were §)bmuen 147 and
1670 except on two days (fig. 11-43, Bgually consistent
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. mrmiu;ms -exparienced. from. one
anpther dusing he. mmm of 19

anversionane @ O E
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were tHe air emperatires
values, which practically coin _
ages, remained alwost the same from day to day {a true
tropical hehavior ), despite the low shsohute values, On
84 pereent of all days the temperatures stood a1 157 or
16°C, and the extremes during the entire winter were
147 and 197°C (hg 11-37,
The cloud cover alse sirongly redaces the effective
gutveing surface radintion. The result 5 a very small
drurnal range of remperature ad the coast (370, which
is \omplw vy afypical of & tropical station {fable 11-3).
: s b3 shows sl the vy ficant demperatiare
tenvdayperied o
oAs u matter of fact,
" ég_?z September, the inter-
eded =970, and 70 por-

Edma Adrport.
cide with the

r
®
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datly av

during the months July duy
divrnal variability nover sxce
cent of the time it was 0.07C; only in June was it onge
as much as ~2.07C

By comparing sca and abr t;,mpczmmu in tazble T1-3
it becomes evident that inswinter the piv temperatore 19'-
merely dfunotion ofthe sea fompernture This continues
i hold even as late as the mrsrw cqmnm i iﬁm the nooa
solar venith distance Is ondy | : 3
the drade winds and. hengg; il WL
dirgct - ;nﬁuu;c of: mwmm}mu mutgc _
surface temperatures I8 practieally nil T sy wtm'w con-
trol by the cloud cover can be excmplified by Ha absenee

during the only clear night, 11/12 of June, when the
minimum temperature dropped 4.537C lower than it was
either the day belore or the day after.

Durine e wintor temperatures ot the haseof the
Clowed than «,ﬁ._-thc- surfacoswhich
results in.an-average lapse rate of 6,776 per kilometer
thmug-,h ﬂm marm:, Jayers il one defines the tpper Timit
of d marmz: kx%r asdhe b Cf theapversion. The in-
version top bas temperafures 27 to 57C bigher than thoso
at the surface, The mode of the potential temperature al
the mversion top is about 167K warmer than that at the
surface (347K = 317°C, a temperature which i seldom
observed at the coast even in midsummerd. During the
entire winier the froe atmosphere at an altitude of 1,300

TABLE 11-3

Ten Bay Mexaga Azr and Sea Temperawres ai Lima (Cai%ao) Durmg szer 1967

ANEFag

R ?F??’?.,_, e ) i;ny %,?59_‘_5‘ U,k,?%l?‘,‘?‘.‘f‘.?{a,'f,

1-19 158 23-30  1-18 1120 2131 1--18 120 21-31 1-18 1520
i.tma AH’]}GF“I (ﬁat‘zn} éir szaeralurs { g
Mean maxima 184 175 5.5 186 171 164 1683 Y 87 176 15.8 174 17.0
Mean minims 15.1 43 145 14,6 155 4.1 136 143 132 138 13.3 1a.0 14.2
Raspe 2.8 32 23 20 25 23 2.7 25 3k 3.2 k3 24 Z3
Average 66 153 157 156 158 15.3 4.8 157 150 5.4 153 15.7 156
Caltan (L Puntal, Ocean Surface Temperature (°0)

ih H 15 i5 15 14
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fkfsdcafz sopes o
z mperatuie averages. One has o go
204 meters to find dally mean tem-
POFALIIIES 08 oW Bs ii'ﬁi z at sep fevel, and o find diumad
masimum iemporatinss as low as those observed along
the coast one has o ascend to 3500 o 4,000 moers,
Sugh high datly maxinnmm fomperatures are the conse-
guencs nol only of subsidence but also of ntense solar
xmll:zi«m and dry soils, In combination with lntense heat
loss during nightiime, the daily ranges of temporature
inoroase with elevation even {steep "x*ﬂx‘ CRDOSUCE and
show the typioal behavior of ::{\gucal and 7O,
At the chmatic station al Matucnna, 2,374 meters,
S0 ktometers cast of Lima Alrport, the average divrnsl
rapge of emperaisre i more than 1070 in winer. On
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less-inchined slopes, ; s zhove the
inversion, as in 's(‘dﬂh"]}l P ru andd porthorn Chile, datly
: Care regionally obsorved gven
WHE] &hmg V,m)i? meters, andioortain phucedmay
ig _ ’}'r-xpe.:a_u;wz.-;‘zmsw}w 2
; hLE %f}{%b) Heuce, 1
0 lbm,wrmurh tin_ inversion produces a stren
frast over @ smaller distance than the Andes do, ¢
of the atvpicn) climade features in this oftkmgr
arex are products of the extremely narrow ¢
belaw the inversion laver,

i’z 1 Sy t% S xmmr tf‘ ;p;:mmm i ff;("-‘éé‘lé?* -*%ia’:--!a’t%-:‘

: A58 158} 5;_§3g512_1;:
gh .-.-.'m-ca.-.w.:}% 5 dh,,w the'wesy donstool
\ e-Australianconst bust represents the dati
Hadi;"_ i smeandofoChant 245,
The Peruvian coustal weather in winter, and iy sta-
biiity in space and time, s, thus, the consequence of the
stence of the inversion together with the onshore
COmpot: ent of the cqua!l persistent trade winds, The
mixing processes in the marine layer produce the c; SEEE
permanent strutus cover belt below the inversion, which
fargely inhibits water-vapor diffusion into the *w‘m
atmospheric layers.

At should-bopointed oug, howegver, thatthe doversion.
iated stratus are ot pmdaud hv o dinited,
reas of ithe Perusion constal current, o1 1o the
o and s hinterland, ,ss % ;
: ,imrc»u;:mie_}pa AMOVEMENIE s0eE, vhi camy
and the: siratus ‘extend far into the: Pacific, well hevond
thewestern fiinges of the Peravian ctrrent: This can be
documentaed by oceasiona! radiosonde observations takon
by oceanographic vessels and can be seen very clearly on
LSSA 3 ESSACS, and ATS 3 suiellite pictures, which

TEI

tropical sontheast Pavifionhat wiaris abiihe Sokith Ameris
cancoast andoniendywestnothwestwasd fo be distidlved
eventuaiy o thesysioal trade windcumuli Mg 14-51

Summer Inversicn
ééanuary 1 through May 15,

1957)

3 Eia o kL O m swinter and occasional raing give
mm ac:mdv nk_rwml e amounts, But with the excep-
ton of the wnidirectional steadiness of the wind, these
similarities are only apparent; wibsidenceis. resm&m‘% 0
(Foehn effcet), and n{ccxpxtlstmn falis not
in the form ﬁf driz?}f: bul as big rain drops. Other cli-
matic parampiers, such as olosd cover, radiation, and
Lempcr:zmre. ara '}!m guite different from what they are
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in winter, C‘a’:nféeq*l“n”y,. a much greater seasonal con- _irz?ersion’b’a%e-mmt'frx‘:qtz-enﬂy- Hes between 204 and 500
trast Is observed at the coastal area than farther inland mieters, andithe inversion, d&;}th s genuratiy-only 100 0
where the cloud and rain regimes are the primary chimatic 3ot msters fdpi 10mb o 35omb )y dn contrastiio the
determinant, This relatively large confrast adds another o winterinversionwhen the thicknessds. dF{)LI}d 800 meters,
atypical azpect 1o the Peruvian coastal climate, During summer the temperature increases through the

inversion normally by oaly 17 o n% (. The mode of the

Characteristics of the inversion lapse rate through the inversion s the same as in winter,

Druring suntmer, the surface inversion s primarily the =157C per kilometer. These inversion charagteristics
consequence of the cool ocean. In contrast (o the winter are representative only for the coastal strip itself, where
imversion, i starts nearer (o the surface, is less pro- a marine layer exists, Inland, the fast-rising slopes scen
nounced, and shows g greater day-lo-day change in penetrate the inversion, and over the ocean the lnversion
intensity, depth. and altitude. In fact, during summer probably starts nearly at sea level, This can be assumed
the inversion (0 s r;orrngi? ¥ in or i)daw the altitude of because the temperature of the inversion hese over Lima

coeptions ahe . Is higher than the ccean tempersturs just offshore, which
11_ 63 The " ipso facto excludes 2 genuiue marine layer. Fusthermore,

iie



e inverston sione downward 10 s
s approximately the asiual ovcean wmperaiures o fact f
33, The thickness of e inversion over the sea for 5{.‘s~-§?1i§?*r ar suri
is. thus, ‘Jmﬁf on OO0 and 800 metors, a depth dmilar o dernonstrates the graar scasonal contrast in the
that found i winter, The mode of the temporaiure distribution of humidily over tho dry coastal areas a3
incrense through the mversion over the sea
hetween 37 and 670, or an inerease in The tewporature inversion is strong snough 0 resinet
tire of about 107K, the diffusion of water vapor upwuards :»'unﬂ the ot
ulf is oa iiw?‘, atamlmhrz‘u h'_n;m;dv nolwithstani-
nndesert soifs. At Limg Alrport the aversge dewpoing is
E3 wranm per 2%t 47C }‘”

& isoh
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high as datn are available (up o 10 Km).
£

Atmospheric %%uméczizy

The mixing raty 3 1 er than tho eceun Wwmperature offshore
kKilogran at se: %u{“] to 12 at ﬂh mversion base and and coincides with the mesn minimum femperatyre at the
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ersipn top, The relative

11 at the in 13 .
it 1o 90 poreent in the marine

;mi* signifos Treguiont dew fommation during
secordingly from 80 pen morning bours By noon, the time of strongest
layer to o lintke s than 70 percent at the inwersion top, advection and msolation, i a?::.\af;}o‘n'*

Saturation 18 generally not mxe:im‘i at o bolow the ore L:«u mw} Y 3\ &;mat !,--; :‘{‘ "Ei e sl

enoralby n-
duily «
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ersion base, Theze are t\,pzc“; features of a “zold

water fype” mmversion. Subsidence bucomes increasingly i
unporiant only st higher altitudes, A wvortical oross- gvern a* poon is ~-"1’.. 4

if one accepts ‘imw wt's It ot ﬁukr?n{-:-s:«; of TRE

millibars mpm“ jee . warlan, 195323, or 18.67C

e dewpoint, one can soe that i‘r(‘ m @ blocHmatic stundpoint

G e e i are Iy subtyy region, since the

dw i coniinyg-

&
the day, which

@

i 1 caninubus]

| hesrly \‘a‘;u 5 of b me‘f are above the Bmit of seltrie

k ness throughout the entire summer and they are consid-

[ grably above this lmit during mudsummer. Some days

i the dewpaint is more than 2170 during the cany afier-

poon, which s cquivalent to a vapor prossure of more

than 25 millibars. In comparison, the vapor pressure of

the unper Amazonian basin gives valuss of 30 millibar
if extrapolated to sea level,

Ciouds

The inve rxz\m controls the upper fimit of the maritime
i, TiHe fog s farpsm mr ?khorc'ncar thﬁ' )

“he fast advance of a iov or ciumi bank toward
the coast e nm al 'sn_?;l mn tm hm hourx h{,r sunTHe

: 1. The inversion prev vents the upward dif-
fision of water vapar and causes the high mmospheric
humidity in the thin marine laver, Moreover, the fnver-
mm!. together with the incressing subsidence aloft, inhib-

s the formation of the typica! wopical comulus clouds.

The smaell amount of low clonds is more than balanced
by the sharply increasing amount of mkidk m(i high
'! mds tmmni 3 : ; wian:

v,?mh is ewd 1 cnd h\; the mnd distri-
ix[l“t}ﬂ over Lima from the 500-millibar level upward,
Thewe moist '”\s:,%ez'iws, T "i‘ Y o L‘l‘é"f’it }"‘zgius, wrap the
) e Andean peaks w towe

ithe Pacific sig
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New Evidénve on O lmozic

Fig. 11-8, Vdos‘ceasmf South
}% r‘e'ac 3 seen by Sateliite

FESAZ Q}S F8H 1 le‘J
Fgh wanyi 1867

wall or “Féhnmauer.” Descending the westward, leeward Precipitation

siope, the fochnwall dissolves o alio-cumulus lontou- _ o o _ o

laris, the most {reguently observad ciouri form at the < The characteristic abnormality of the summer climate

coast. ”{"hcé* ground ohservations are corrbborated By - ¢ along the Peruvian coast is the almost complete lack of
fte pic 111&3 whzf‘n mizmn _ig. sh bw, &z this mmj precipitation. It is obvious that the main obstacle to the

over the extension o the Pacific eost of the rainy scason, which

rogs J'&m*u‘;' ; 15 is so woll eapressed throughout ropical South America,

nih it guits off 13 ;{hér’ shaz‘ﬁ} ;. o is the high rising Andes which cause a great Joss of water

. Drifegi e influcnce by subsiding moves vapor throngh intensive arographic precipitation on the

ments fogether with the cool ocean (g, 11-81, Uzmu’;& windward, cast side of the mountains and a great drying
i so mony differsnt forms and fovels in toto produce a of this same air by forced downward movement (Foehn
rather high pmount of toral sky cover 1n summer as well effects on the keward, west side. In addition, even the
s i winter. Although a completely overcast sky seldom weakened trade-wind chreulation is strong encugh to

accurs o summer, neither dogs g cloudiess sky through- enhance the forced subsidence and, together with the
out a full 24-hour pericd. Dring the summer of 1967, coob-water inversion, iehibits the normally local precipi-
the monthiy means varied around 6 10 7 okias, The low- tation processes in Pacific arr masses, The overall sta-
est daily mesn was ‘) S okta, and the most freguent vabie hiliry is far Toss strong and uniform than it was in winter,

ohsorved was 7.5 okias, out instead of the one mtensive trade~wind invorsion that
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is experienced in winter, multiple smaller inversions typl-
cally occur ane above & Mﬁmhcr during the summer. Unfor-
tupately, the monthly moan data averaged for cach 56-
millibar surface smooth out these multiple inversions and
produce a lapse rate which shows zn overall sbsolute
stahility,

The oceastons! Heht rainfalls that do accur in summer,
consisting of large raindrops and lagting o masimum of
only a few hours during nighttime, are mosty not of
Pacific origin but are a spillover of the intensive precipi-
tation m the Andes and the Amazonian warershed. This
iv logically deduced from the ohservations of cumulo-
mimbos clesds advancing westward over the Andes and
is corroborated by the homidity cross- w‘a,hz,n showsn in
Arure 11-7, which clearly indicates o conmii 5 moist
§3\ v between 6,000 and 4.000 meters, which is the alt-

de of the base of the suminer clouds, On days with Bight
stad rains, the surface inversion may disappear and
wwarly moist adiabatic conditions chargelerize the verti-
cal atmospheric structure, The rapid decrease of precipi-
tation down the western slope is well iHustrated by data
from February 1967 (table 11-4), During this month the
exceptionally heavy p ::\-é{*ii'a*'%u"z i the ﬁndt" ?“{}duccd
tlooding and AVA mzkw in the valleys of the Pacific
watershed, yet the coast had oaly three days with meas-
ursble rain that totaled just 2.4 miltimeters. The sharp
rease In precipitation as the western Andes slope
downward iy depicied clearly by the changes in vegeta-
tion. This becomes more and more xerophytic at the
lower elevations and finally disappears completely at
arcasmd 2,000 1o 1.5G0 meters above sea level,

Femperature

Coastal temperatures during the summer sre the result
of the interaction of radiative and oceanic influences, as
well as the inversion. The inversion has 1o be tzken info
comsideration a5 a third factor because it is responsible
for the moist marine fayer which inhibits normal night-
thne cooling that I generally infense in deser? regions.
The resulting relatively hich minimum temperatuzes in
this area are not, therefore, the consequencs of direct
oceaniv infuences, as they gcncml{ are in other coastal
climates, but r:x{'hnr as mentioned above they are causad
by the higher humidity so that they are on the average
3°C higher hm *hc, water lemperatures oifshore. Th
d’ll} m;m uf :i,i st iinW the Perdvian doast s

lw, -"'*;as}a" fCSHMmer 5 in winte ,"hm even o it g

';ull} 5% 10 770 Mean maximum {“’I‘lpmdmnk during the
SUDIMEr alanw the central Peruvian coast are ?11”21 and
fise to as much as {07C above the ocean surface fom-
perature and even Z;ia‘ﬁe'-*r where the coastal plins are
wider. They are o Tt 470 lower than in “normal”
wropieal coa m' s-mahf‘)s‘w at sumilar latitudes as, for
instance, at Salvador (Bahizy, A few miles nfand, in
dc‘anmwn Edma, the mean maxima are shmitar to those

experienced ar Salvador (287 w 29°C in Lima-Campo
.\L&. ey 3070 in Selvador . Since the atmospherie humid-
ity s quite simiar 1o that in Salvador, at Lhos the
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TABLE 11-4

ion Profile of the Weslern Andean Stope
During Summer 1967

redipitton

_(millimeters}
. . . Blavetion ’a*nwrg-

& a

tatien Latitinde l{mg;wée (m emp, Feh BTy et
Cefro de Pasce z?&‘ﬁ{) Z?G
S 3387 181
Matucana 119858 2374 148
La Molina 127055 238 &
iif‘:-i fiir;wr* 127678 13 7

“effect” of the summer temperature is just as fropica
as ab the sime lxtitude on the Brazitan coast where &
vador shows almost exactly the s effective o
turas gs Lima,

Seasonal Changes {(Transition From Winter
to Summer-type Inversien) and the
inversion as Climatic Divide

The transition from the vin e cold-water
mversion type and vice versa ooours in a differeat pallory
during the ssironomical spring than du rinig the sutumn,
In spring, periods of winter and summer type alternate
until the [atter become more freguent and extended and
eventually prevadl at about the el of the vear or the
heginning of January, In :mmm, on the other hand, the
transition is & matter of only a few da‘,s or at the most

a few weeky, As 4 matter of fact, in 1967 the trade-wind

inversion was established botween one day and the next,
and, taking cloudiness as the criterion, the winter straius
layer appeared betwsen one hour and the next. The sanny
warm summer weather changed o the cool damp winter
conditions on May 16 betwoen 3 aM and 4 am. This
change of Invarsion type and concomitant weather con-
ditions is represented in figore 189 During the first hulf
of May the maost frequent hourty cloud obsarvation was
O oktas, while during the second half of May it was 8
oktas, The mode of the maximum wmperature dropped
from 237 10 207°C, and the average relative humidity
rose from 85 to 89 percent, At the same time the summer
inversion characieristics changed to the trade-wind type,

The sudden start of winter conditions was conspicu-
OUs i previows years as well, as ean be documented by
acrologival data. in other vears the change was net as
dramafic as it was in 1967, but it never extended over a
period of many weeks or even several months, as is reg-
ulurly the case of the transition in the epposite direction,
This fact is expressed in the rapid decrease in the mean
temperature from the summer to the winter level (by
87C) and the slow increase during the reverse progess
at the opposite season. Neither transition fo tempera-
ture is due to oveanic i‘m“uenceq alone, since the sea tem-
perature has an annual range of less than 37C. Actually,
the sudden estat "s§zzna,ﬂt of the trade-wing inversion at
the beginning of winter is an expression of a change in
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west side of the Andes, since temporaiures are higher in
winter than o sumimer between 1,500 and 4,500 meters
altitugde. Therefore the friee stmosphere has the same
sessonal temiperature variation as the western slopes 2ad
fence & seasonal variation that is inverse o that experi-
enced at the coast wsell. In the free atmosphere abowve
4,500 meters, and m the highlands as well, the sonual
temperdtare v in accordance with thy correspond-
ing change of seasons,

Remarks on the E! Nino Phenomeanon

No study on the Peruvian ceastal climate seems to he
complete without at feast a mention of the El Nifo prob-
fem. A large bibliography exists on this rather infrequent
g}heﬂamcm‘n {Schucts, 1968) In contrast 10 a fow exists
ing studies on the coastal climate in general, Nevert ‘

the Bl Nido jnvestigations have not produced a compi
understanding of the phenemencn, There are obvioy
reasons for this, First of all, the ocourrences are rarg,
supposedly only i ve times during the past century, and
they have mastly bappened at times of no systematic and
regular mct{'omiﬂmcal and cceanographic observations.
in addition, different criteria hove been used to identify
the phencmencs. For occanographers, abnormally warm
surface water is a suificient eriferion to speak of the Nifo
“current.” Often the destruction of ocesnic fanna or the
variable salinity content is considered as additiona] cri-
terton, since it may identify the origin of the water, Mete-
O}G?oe‘mh o the othor hand, conader hii_i] coastal alr
emperatires and/or abnormal precipitation at the coast
and/or in the hinterland to be essential features.

Nearly all of these phenomena may occur simidtane-
ousty and mmy have a common cause, but they may dim
b observed independently or in different combinations.
Whatever the phencmena sssociated with the B Nino
abnormality, threshold vatues of the meteorclogical and/
or oceanological parametors and their extension in space
and time have pever been objectively defined. For al
these reasons the results and conclusions depend on the
criterig used and differ accordingly, In this dilemma,
instead of seeking a generally cce; able definition, the
best sohstion would be 1o rescind the El Nife concept
complerely in scholarly papers, as already sugpesied by
Schwelpger (1939, In addition, no “Niho-current”
exists &y suchy at best it could be ecquated with the
Peru Countercurrent, ientified by Wyrtki (19633, The
only disadvantage would be that a poctic and emo-
tional termy would dissppear from the scientific Hierature,
since Bl Nifio means “the Christ child.”

Far a long time it has been known that an inverse
refationship exists between pressure and tomperaiurs at
the Peruvian coast. This relationship holds for the reg-
ular anoual variation and for its irregular positive and

cgative deviations in winter and summer as well. The
seasons are ovident in view of the preseding discussion.
A more intense of more eguatorward position of the

:’3
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arbiropleal high causes o stronger than pormal trade-
wingd cirenlation, singe. in comparison, the changes of
the pressure and location of the Inter-tropical Convere
gence zone (ITCY e relatively small, This, in turn,
induces more Intensive upwelling and cooler ocesa sur-
face temperatures, & stronger subsidence Inversion with
more cloudiness and less incoming radiation, end, as
a result, o cooler marine laver snd greater atmospheric
stability, Years with extreme high pressure at the Peru-
vian coast are abnormally cold {Graves, Schweigger, and
Yaldivia, 1955}, During the southern hemispheric winter
when the subtropics! high is in ap equatorward position,
the pressure gradient always seems strong enough to
maintain @ certain degree of the trade-wind cireufation,
Bur during the opposite season when the high shifts
poleward, the pressure gradieal may cccasionally beconiz
so stmall that the predominance of the trades ceases, and
other factors miay become decisive, which leads ev venti-
ally to the warpung of the northern Peruvian constal
reglon and ifs consequencas - EI Nifio,

Combining this deduction with the prosent knowleds

Hi
on the complicated structure of the different currents off
the Peruvian coast, J. Bjerknes (1966a} stalke
“in weak trade-wind regimes the heat trausfer to the
atmosphere, both in sonsible and latent form, 1 below
normal, and more than pormal amounts of heat remain
stored in the coean, thus ratsing Ity surface temperature.
. Weakness of the trade winds hay more sudden and
spectacular coean effects in terms of temperature indoced
by cessatlon of upwelling. .. .7 In this context it Is under-
stood that by “cessation of gpwelling” the Peru Counter-
current surfaces and/or extends toward the coast. Also
i normal sumimers the side-by-side existing cold and
warm waters are direotly visible by their different albedo
to observers fiving at low altitudes over the coastal waters,
A deerease in the strength of the trades is also sccom-
ranied by & decrease in subsidence, and henee a decrease
in stability of increase in instability, which is enhanced
further by the increase of sorface temperatures, The
result can be intensive precipliation, sometimes even
before the warming process at the ocecan surface takes
place. In general, it can be assumed that warm surface
water is not g neesssary of sufficient condition w0 pro-
dace cosstal rains and that the I3 Nifio phenonenon,
whatever its definition may be, is neither produced by a
shifting of the ITC to the south of the equator nor by an
atmospherie eirsalation-induced reversal of the Pern
Current as such, As Bicrknes {1966b and 1969) and
Doberitz (1968} have shown, the El Nifio phenomenon
is just one of various side-cffects of disturbances of the
global tropical circulation. In this case, by and large,
the normat “anomalies™ of the eguatorial eastern Pacifie,
that is, the coolness and dryness of the Ecuadorian and
northern Peruvian coast, become anomalously “normal,”
and record temperatures and precipitation that are in
comformiy with tropical fatitudes,
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