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TASK A: CLIMATE AND ATMOSPHERIC MODELING STUDIES

Climate Model DeQelogment and Applications—--- el

The research conducted QUring the past year in the climate and-athosbheric,
mode]ing programs has been focused on the development of appropriate atmospheric
and upper ocean models, and preliminary applications of these models., Principal
models are a one-dimensional radiative-convgctive model, a three-dimensional
global climate model, and an upper ocean model. Princibal applications have
been the study of the impact of CO2, aeroso]§ and the solar 'constant' on e
climate. | :

Progress ha; beeﬂ made in the 3-D model development tbwards physically -
realistic treatment of thesékprocesses. In particu]ar. a map of soil classifi-
cat1ons on 1° x 1° resolution has now been digitized, and soil properties have
been ass1gned to each soil type. Using this information about soil properties,
a method has been developed to simulate the hydrau11c behav1or of so1ls of the
world. This improved treatment of soil hydro]ogy, together w1th the seasonally
varying vegetation cover, will provide a more realistic study of the role of the
~ terrestrial biota in climate change;

| A new version of the climate model has’been created which follows the iso-
topes of water and sources of water (or coTored water) throughout the p]anet.
Each 1sotope or colored water. source is—a fraction.of.the climate model's water.. -
It participates in condensation and surface evaporation at different frac-
tionation rates and is transported by the dynamics. A major beﬁefit of this
project has been to improve the programming techniques and physical simulation
'of the water vapor budget of the climate model. Applicétions*inc]ude simula-

tions of deuterium and oxygen-18 for both current climate 18,000 years ago, the
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source of prec1p1tat1on in each grid-box -in-the North- Hem1sphere .and-a strato-. .. - -

spheric tritium experiment to simulate the atomic test1ng of the 1950's and 60 s
(Koster et al.,‘1986).

A mixed 1ayer-diffusive thermocline ocean model has been incorporated into

the 3-D cl1mate nnde] to al]ow the study of the effect of . ocean.thermal 1nert1a e

on the t1m1ng of the greenhouse warm1ng due to slowly 1ncreas1ng Jevels of C02 '
and other trace gases in the atmosphere. In th1s_node], the geograph1ca]1y
dependent thermocline diffusion coefficients are obtained from an empirical
relationship that relates the stability at the base of the mixed layer and the
diffusion rate of bomb-produced tritium observed in the GEOSECS program. It is
found that withba climate sensitivity of approximafe]y a°C for ddub]ed CO2, the
response time df’surface temperature is of order 100 years because of the ther--
mal inertia of the ocean (Hansen et a).,-1984).

A 1-D mixed fayer-diffusive ocean mode1. derived from the 3-D represen;
tation used in the climate model, has been used to study climate response tines
(Hansen.et al., 1985). The results show that climate response times are par-
ficu1ar1y senstifive to (1)Athe amount that the climtae response is amplified by ..
.feedbacks and (2) the representation'of ocean mixing.:'The results also show
.that most of the warming due to trace gases which man nas added to the
atmosphere probably has not appeared yet.

" The 3-D c1imate node] with the‘diffusive ocean has been~used~to study the
trans1ent c11mate response to slow changes 1n atmospheric composition due to
vo]can1c erupt1ons and 1ncreas1ng concentrations of C02 and other trace gases.
The results thus far demonstrate that there is a natural var1ab111ty in the
model and that global warming in the model beginsito rise above the level of

natural variability by about 1990.
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Investigation of the sources and sinks of atmospheric“coz_has focused on

the seasonal exchange between the atmosphere-and the terrestrial-biosphere ...+ .=

Approximately linear relationships have been found between atmospheric CO2 con-
centrations and a vegetation index derived from satellite data (Tucker et al.,

_ 1986) Improved representat1on of the. photosynthet1c uptake and so11 re]ease of
carbon have been obtained using these satellite data together unth aux111ary A'
ground data, and have been used as input functions to the 3-D tracer transport
model developed at GISS. The simulated distributions of atmospheric CO2 show
reasonable agreement with those observed, demonstrating}for-the first time the
feasibility of using global, multi-temporal satellite data for the study of the

global carbon cycle (Fung et al., 1986).

SAGE 11 ‘

In accordance with our task to carry out modeling and interpretation of\
SAGE 11 data, we have deve]bped a 23-1eve] versioh of the 3-D GCM to be used.
This model extends from the surface dp to 0.01 mb (~85 kh) (Rind et al., 1984).
Model improvements during the past year include the incorporation of gravity .
wave-induced stratospheric drag. In preparation for estihating the impact of
SAGE 11 observed stratospheric aerosols on climate, preliminary experiments have
been run with a data set for E1 Chich8n collected by.Pél]ack (AMES) and
McCormick (Langley). The preliminary SAGE 1I data.has been ané1yzed and
plotting routines developed to portray it. - An ana]ysi§ of the SAGE retrieval of

-~ water vapor in the tropical lower stratosphere has-also been prepared. - -«

A-3

B e



TASK B

CLOUD CLIMATOLOGY

Over the past year we have continued to evaluate the performance of the
1SCCP cloud detection algorithm, concentrating initially on its application to
" geosynchronous data, with an eventual switch of the deve1bped~n¢thqdologies £0. - - e
data from po]ar orbiting sate]lites; In the-procesé, a number of 1mﬁro§eﬁents .
were made; in particular: ‘ _ :

a) an improved technique for tracking small scale (~5° K and less) day to
day variabi]ity in clear-sky continental temperafures; ' '

b) a number of techniques for the statistical assessment of cloud detec-
tibn uncertainties due to certain cloud types which are spatially and temporally
invariant;

c) a method used to detect those cloudy regions which have long-term (on
the scale of weeks to montﬁs) sbatiél and temporal stability. The latter method
is particu]ariy useful in estimating c1oudine;s over‘the algorithmically most
difficult scenes, i;e., contihental areas with persistent low-level cToudiness.

Ne'deVe]oped a generalized version of the detailed radiative fransfer model,
which can simu1ate'the observations of different sate1iite radiometers, proQided
the filter fuﬁction is known. The detailed radiative transfer model has been
used to simulate NOAA, GOES, and METEOSAT VIS, IR and water'vapor channels. The
model has been used in the ézimuth independeht mode to analyze satellite
radiances'for nadir viewing geometry. 'Work is currently underway to generalize
the model for azimuth dependent cases. |

Extensive statistical intercompérisoﬁs between the radiative transfer model
radiances and satellite image radiances (NOAA-7)Ahave been done for January
1984, confirming a close agreement between model and image radiances for VIS,

near-IR and IR channels as well as for the 3.7 micron channei; which had not
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been validated previous1y;;.Discrepancies,between uode1-anaydata were found to .
be within the 1imits.of accuracy of data. Systematical errors or other biases
were below limits of detection. | |

The sensitivity study for AVHRR radiative model has been continued to study
the-%nfluence of the experimental uncertainty of self-broadened continuum water -
coefficients. It was shown that neglecting water vapor line absorption for the -
IR channels can cause an error up to 2K in the tropical areas.

Hé also completed a thorough investigation of the effects of particale size
and phase functions, as well as the geometrical thickness of the clouds for the
five AVHRR channels. -

4_The radiative transfer model for VIS, IR and water vapor METEOSAT channels
has also been validated td within limits of accuracy of data. The.sensitivity
experiments and information content analysis for clear and cloudy conditions has
been comp]etéd. A study of the possibility of using the water vapor channel as.
a source of additional information for retriéVing cloud cover information has
been started. |
PRELIMINARY SATELLITE OBSERVATIONS OF SAHARAN DUST STORMS

Dust storms play an important ro]e.in both atmospheric and geologfcal pro-
cesses. Atmospheric dust can affect the'radiatioﬁ budget and cloud formation;
Eo]ién dust constitutes a‘gigniffcant proportion of deep-sea sediments.
Variations in the fraction of sénd in marine sediments have been used to infer
pa1éo-ar{dity and w{nd circulation pétterns (Rea et al., 1985). Since major
dust sfbrms on Mars develop under similar conditions as on earth, study of
Saharan dust outbreaks provides a useful analog for martian eolian processes.

Meteorological satellites have proven aanntageous in following dust
outbreaks and deriving Saharen aerosol optical thicknessess over the Atlantic

Ocean. 1In this study, Meteosat data were used to identify and track the spatial
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and temporal evolution of three Saharan dust events. The Source areas of dust

plumes have been Jocated and- related ‘to-surface-and meteorolgical conditions; -~.+--- o

conducive to dust mobilization and transport. The magnitude of the thermal
depression associated with Saharan dust clouds has been determined, for summer

noon, as one means of differentiating dust from water. clouds on thin cirrus, in

a preliminary step toward automated dust cloud recognition, using a modified
ISCCP cloud algorithm (see Rossow et al., 1985).

The Meteosat data used in this study come from the beginning of the ISCCP
archive (Ju1y, 1983). The satellite data have been spatially resampled to an
E-W spacing of ~27 km at nadir. The temporal coverage is repeated at 3 hr.
intervals. Visual interpretation of daytime imagery on the GISS Hacienda 7350
image processor allowed selection of three discrete dust events in Northwest
Africa for further study. These inc]udehl) an oﬁtbreak traversfng the Algerian
coastline (July 26-28), 2) a spiral dust cloud over south-central Algeria
(July 28-29) and ?) a smaller dust cloud drifting over southern Aigeria into
- Mali and Mauritania (July 1-3);

Meteorological and ground observations

Synoptic meteorological conditions were determinmed from Northern Hemisphere
surface charts from the National Climate Data Center (NOAA NESOIS NCDC), at 6 hr.'
_intervals, supplemented by ground meteorologic data from the NOAA NMC global
station network, for daytime observations (12, 15, 18 GMT). Clear day surface
reflectances along selected scan lines were compared with topographic, geologic
and soil maps. ' | |

Synobtic features, characteristic of summer include highé centered over the
Azores ;nd Mediterranean, and a low at ~20°N, in the Sahara, north of the ITCZ.
Strong S-SE desert winds, along the NE edge of the Saharan low, triggered off

dust storms on Juiy 26 and 27, marked by low ground visibilities (<1 km). The
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dust plume, tracked in the £hermal-channe1 (10.3-12.9 um) over land and in the
visible-near IR (0.4-1.1 um5 over water, spread north.toward Spain.on July 26,
but shifted NNE toward the Balearic Is., the next day. The dust source wa§ ten-
tatively located at ~34°N, 0-0.03°, in deflatable Plio-Pleistocene alluvium.'

On July 28; dust mixed with water clouds, had organized into a broad, curvéd'
band, extending from N. Mali into cgntra]AAlgeria, within the Saharan low. The
¢loud continued to expand counterclockwise, until, by noon, July 29, it had
formed an almost closed loop. The 6 um band, although noisy, shows low moisture
‘content--hence predominantly dust. | _ |

A localized dust outbreak developed in S. Algeria, July 1, along the sharp
topographic gradient marking the western flank of the Ahaggar Mts. Dust could
have Been derived from a11uv1um-in the numerous NE-SW trending wadis. The dust
cloud was identified as such, by its smooth, thermal depression and confirmed by
1ow_gfound visibility (1 km) and strong ESE wind§ (19 knots), at Tessa‘lif
(noon, July 2), at the séme geographic position and time.

_ Eastfwest traverses, each 100 pixels across and extending from theAAt1antic
coast across the Sahara, wefe observed over a périod of 3-5 days, aﬁ noon GMT,
in both visible and thermal channels. Variations in surface reflectances on
‘clear (cloud-free) days, were associated with topographic and géo]ogic features.
In general dérker features correlated with higher elevations (greater
vegetation-cover, and/or rbck outcrops), while brighter terrain-;orresponds to
]dwer elevations, loose Plio-Pleistocene sediments and active sand dunes--prime

source regions for airborné dust.

Dust Cloud Measurements

Average differences in brightness temperatures were obtained for corre-

sponding pairs of pixels, respectively covered by a dust c]oﬁd, and over the
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same surface, on a differént,.c]oud-free-day. Average te&é;ra;ure differences .-
between the saﬁg pairs of pixels were also measured on two clear days.

Dust clouds are differentiated from water clouds over land by smoother and .
less variable reductions in brightness temperature, yet warmer than ordinary
water clouds (7300 K); little to no.change.in reflectance is observed in the
visible band.

For all three dust events, the average noontime brightness temperature of a
dust cloud is consistently 9-10 K * 5-7 K cooler than that of the underlying
surface on a clear day. HoWever. the average temperafure differéhces between
two clear days are invariably less than 4 K, for the same area. Average tem-

perature differences between water clouds and clear ground, on the othgr hand,
are around 22-25 K £ 17-18, The high variability may indicate a partially bro-
ken cloud cover, with greater therma) contrast between clouds and exposed sur-
face. While the actual temperature of either dust on water cloud depends.qn
latitude (the further south, the warmer), the termal differehces between
water-dust cloud, or dust cloud-surface are each afound 10-12 K, at all threé
1oca1ities studied. This suggests use of a siiding temperature difference

threshold as a means of differentiating water from dust clouds.
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AIR-SEA GAS EXCHANGE

The work accomplished from this study came from the demonstratfon of the
great power of purposeful tracers in studying gas exchange between the ocean And
atmoéphere and mixiﬁg processes within the séa; This work was started under a
small grant provided by the DOE-CO? prograﬁ which permitted John Shepherd of
Lowestoft, England to spend a year at Lamont-Doherty doing a feasibility study
regarding purposeful tracer experiments. Jim Ledwell, Rik Wannikhof and I have
been able to obtain the wind velocity dependence of gas exchange rate for three
lakes, using SFg as a tracer. This is a first in natural systems. We hope to
do similar experiments in the open ocean. Working with Andy Watson of Plymouth,
Eng]andi we have also demonstrated the power of SFg as a tracer of internal
ocean mixing processes. We have measured the lateral dispersion rate along
"isopycnals, the verfical mixing rate across isopycnals and placed limits on the
rate of vertica] advection in an isolated deep basin in the California border-

land (see attached Figure).

VENTILATION OF THE OCEANIC THERMOCLINE AND OF THE DEEP SEA

Our studies involved an abpreciation,of the role of the ocean in climate
change. As you know, we are cdnvinced that in the past, climate change has
iﬁvo]ved sudden reorganizations of the joint mode of operation of the ocean-
atmosphere system. . These changes appear to have caused large changes in the
c]imate.for high latitude regions-(especially-western Europe)-and-in-the .
afmosphere's CO02 content. We suspect that they may be important in the future,
as well. Our breakthrough in this area, is the demonstration thét‘radiocarbon
measurements made with accelerators-on handpicked benthic and planktonic

foraminifera, can be used to reconstruct the rate of deep ocean ventilation
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SF6 CONCENTRATION
(scaled differently for each survey) -

. Vertical distribution of tracer in Santa Monica Basin for 3 surveys.
Heights are given relative to the injection surface. Concentration scales
are different for each survey to make the peak heights eppear roughly the
same. The mean profiles 8 days, 51 days and 170 days after injection are
shown. The broadening of the profiles with time gives a vertical eddy
diffusivity of about 0.4 cmZ/s. A background correction has been made for
the 170:day profile, but is uncertain, so the talls of this profile are as
yet difficult to interpret. '
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during glacial time. -Armed-with-Boy]e's ﬁew_cadmium method, our?new:IQC/lZC:,
method and the existing 180/160 and 13C/12C methods, scientists will be able to
tearn much more about the changes in ocean operation thch'marked the transition
from glaciaI to interglacial time. In so doing, we will be ab\e to inifiate
thinking about the role of the oceanfs thermohaline circulation in the coming

greenhouse warming. A . -

VERIFICATION OF THE HYDROLOGIC CYCLE IN THE ATMOSPHERIC GCM

The work accomplished from this study is derived from the design of a meané
to test the water cycles in atmospheric general circulation models. Jean Jouzel
(of Saclay, France), Jim White (of Lamont-Doherty), Randy Koster (of M.I.T.) and
I, have worked with scientists at GISS fo program their GCM for the isotopes of
water (HDO, HTO, and H»180). We have compared the pathways followed by bomb
testing tritium from stratosphere to ocean in the model with those which appear
td'have:been followed in the real world. We have come upon a'very large discre-
pancy. In the rea]jwor1d, the ratio of vapor impact de]ivéfy to precipitation
de]ivery of tritium to the sea surface appears to have been aboUt-Z{G. In the
model, this‘ratio is 0.7 and is robust. We are currently trying to find out the
source of this dfsagreément. In finding it, we will 1eafn_1mportant things

~ about the Earth's water cycle and its representation in models.





