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TOTAL SOLAR IRRADIANCE
TERRESTRIAL CLIMATE

(TS) AND

1. The sun emits a wide variety of radiations,
originating in different parts (photosphere, chrepicere,
chromosphere-corona transition region, corona) taf t
solar atmosphere. Solar ultraviolet (UV) irradiar{d¢é5-
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The bulk of solar energy impinging on earth is het
visible and infrared region and it is mainly thelTtBat
supplies energy to lower terrestrial atmosphere. An
interesting question is whether climatic changes ar
directly related to changes in TSIl. Recent obs@mat
show that TSI changes are only ~0.1 %, in phasé wit
sunspot cycle (Reid, 1999). On the other hand, atlon
variability in some regions amounts to several eetc
even on a year-to-year basis. Thus, some otheorfact

420 nm, 1150-4200 A) originates mostly in the solar must be responsible for climatic variability An ionant

photosphere and chromosphere and, when absorlikd in
earth's atmosphere, plays a dominant role
temperature distribution, photochemistry, and olera

fact needs to be taken into consideration, nantkat, the

in theearth reflects a considerable amount of energy batke

outer space, more so from white clouds and snows;Th

momentum balance in the stratosphere, mesosphadle, a the energy budget should take into consideratidronty

lower thermosphere. The solar EUV flux, particufarl
below 130 nm (1300 A) originates in the chromospher
the chromosphere-corona transition region, andsthar
corona (Donnellet al, 1986) and is the primary cause of
ion production in the ionosphere and contributeshi®
heating of the thermosphere. From sunspot minimom t
sunspot maximum, the EUV increases by almost aifact
of 2. However, the proportion of UV-EUV in the tbta
solar irradiance (TSI) is rather small, only a fparcent.

the TSI input but also the losses due to reflestidhis
difficult to estimate or to measure the reflectetergy
from various types of landmasses, sea surfacesdgletc.
Low annual mean OLR values (< 200 Vf)yrassociated
with deep atmospheric convection are found over the
equatorial land masses, Amazon basin, and in trstewe
equatorial Pacific. OLR < 200 Wmare also associated
with the cold temperatures of the Himalayas. Highual
mean OLR values (> 280 Wi are observed over the
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Figs. 1(a-f). Plots of 12-month running means of OLR for eqtiat°® N - 5° S longitudinal belts

(a) 160° E - 160° W in the far western Pacific, {i§0° W - 120° W in the middle
Pacific, (c) 120° W - 80° W in the eastern Pacifit), all longitudes on the equator and
(e) global OLR (all longitudes and latitudes), @il similar scales. Plot (f) is for (T-D),
and ENSO (El Nifio/Southern Oscillation) index conmigoused, namely, Tahiti (T)
minus Darwin (D) atmospheric pressure differenagp(dssions during El Nifio events

shown black)

central and eastern Sahara and the Arabian Peainkut
regions of large OLR variance (>10 Wjnare over a
broad region of the Indian and Pacific Oceans Vaithest
values (>20 Wri), on and slightly to the south of the
equator in the western Pacific. Further, Warm eayigit
Pacific SST anomalies are associated with belownabr

OLR (enhanced deep atmospheric convection) between

165° E and the Ecuador coast in the equatorialfieaci
and enhanced OLR (diminished convective rainfaligro
Papua New Guinea and eastern equatorial Brazils,Thu
OLR patterns different at different geographicaations.
However, if global values are calculated, the OLR
changes from year to year, or from sunspot maxinmm
sunspot minimum, are very small (as will be shown
further). Thus, climate variability due to OLR orgkbal
scale would be very small as compared to that gional

or sub-regional scales.

In the present communication, the long-term
variations of OLR in the equatorial belt are exagdiror
1974 onwards up to date and compared with thos# &
fluctuations in larger regions.

2.
http://www.cpc.ncep.noaa.gov/data/ indices of thien&te

Prediction Center, Maryland, USA for the equatorial
region in 160° E - 160° W longitudes (20° arouné th
dateline 180°), and from the website
http://tao.atmos.washin ton.edu/data sets/olr/irttex
for larger regions.

3. Figs. 1 (a-f) shows plots of the 12-month
running means of the equatorial OLR (5° N - 5° &) f
Longitude belts (a) 160° E - 160° W in the far veest
Pacific, (b) 160° W - 120° W in the middle Pacific,
(c) 120° W - 80° W in the eastern Pacific, (d) all
longitudes on the equator and (e) global OLR (all
longitudes and latitudes), all on similar scalelst ) is
for (T-D), an ENSO (El Nifio/Southern Oscillatiomdiex
commonly used, namely, Tahiti (T) minus Darwin (D)
atmospheric pressure difference. The following nhay
noted :

In the Pacific, the (T-D) index shows several
major depressions (shown black), in 1982-83, 1987,
1991-94, and in 1997-98. These are major El Nifeney
when positive SST anomalies develop in the Perwaéou
coast in S. America and westward in the Pacificl Al

The OLR data were obtained from the website these El Nifios are associated with OLR depressimuts,

the OLR depressions are largest in the raidecific
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Figs. 2(a-h). Plots of (a) 12-month running means of OLR, (byear (full line) and 11-year

(superposed thick line) moving averages of OLR, 12)month moving averages of
T-D, Southern Oscillation Index Tahiti minus Darvatmospheric pressure difference,
(d) 3-year (full line) and 11-year (superposed khiime) moving averages of T-D,

(e) annual values (full line) and 11-year movingrages (superposed thick line) of
global surface temperatures, (f) de-trended glohaface temperature deviations,
(9) annual sunspot number Rz, and (h) zonally aestahree-year moving averages of
geopotential heights of 30 hPa level for 20° - MI0®

(b) 160° W - 120° W. The average OLR for the equato
region (d) all longitudes, has comparatively verya#
year-to-year variations. The global average (albltudes
and latitudes) has negligible year-to-year variajo
indicating that global OLR will not be responsilfite any
major global climatic fluctuations (cloud-radiatiomater
vapour radiation feedback).

Fig. 2(a) shows the plot of 12-month moving

averages of equatorial OLR in the 160° E — 160° W

longitude belt, £20° about the dateline 180°). Large
fluctuations are seen which imply that the energgdet
in this sub-region of the Earth would vary consadiy

The 12-month running means of the ENSO index
(T-D) are plotted in Fig. 2(c) their 3-year and ydar
running means are shown in Fig. 2(d). Here aghargtis
no relationship with sunspot cycle, and the ovealel
seems to have decreased from 1980 to 1990 by a6 h
and then recouped by 2000. This long-term variat®on
similar for OLR and (T-D), again indicating thaet®LR
changes in this limited region are mainly due toSEN
activity, on intermediate and long-term time scalls®.

The sunspot relationship of terrestrial parameigrs
somewhat obscure. In spectral analyses, an 11sygaal
is often found, but generally, it is not the mosdrpinent

from year-to-year mainly due to OLR changes due to periodicity. A parameter intimately related to dita is

varying cloud effects.
fluctuations, moving averages were calculated 3@r
months (3 years). These are shown in Fig. 2(b)ulls f
lines. Here, the effect of the big deviations gtimains.
The fluctuations are not related to the sunspotlecyc
(vertical lines mark sunspot minima). To eliminat&ar
cycle effect also if any, moving averages were uated

To eliminate the short-term the global surface temperature. Fig. 2(e) showtotaqgl

the annual values (full lines) of global surface ai
temperatures (Jones al, 1999) and their 11-year moving
averages (superposed thick line). The thick lirtkciates a
monotonic temperature increase, generally attribute
green house effects due to increasing carbon dioxid
concentration in the atmosphere. If these values ar

over 132 months (11 years). These are shown as theubtracted from the annual values, the residudEMP

superposed thick line in Fig. 1(b). The long-terrhnRO
level in this sub-region seems to have decreaseah fr
1980 to 1990 by ~15% and then recovered by 2000.

are as shown in Fig. 2(f). Compared to the annuiassot
number Rz shown Fig. 2(g), the temperature residues
Fig. 2(f) do show a sunspot cycle association, véth
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temperature increase of ~0.2° from sunspot minintam etc.). Reid (1997) assumed that the Maunder Minimum
sunspot maximum, which is gratifying. temperature was about 1° C lower than today's vahee
that this required a solar constant (TSI) abou¥Dléwer

Among the various terrestrial parameters, one showsthan today's value, and solar forcing could hawelpced

a solar cycle variation clearly, namely, the geeptal about one-half of the 20th century warming. Thus,

height of the lower half of the stratosphere (3@)hiR the different approaches yield different estimatesr(fi@.05%

latitude zone 20° - 40° N (vanLoon and Shea, 1998 to 0.60% below the present day level) of the Maunde

plot of 3-year moving averages of annual valueshiswn Minimum TSI, not a satisfactory situation.

in Fig. 2(h). It is surmised by those authors ttfs

sunspot cycle variation is related to a similariatén in 5.  This work was partially supported by FNDCT,
tropospheric temperatures. Brazil, under contract FINEP-537/CT.
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