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AMIP Update

A significant AMIP milestone has now been
reached with the completion of the 1979-88
simulation by all of the currently participating
modealing groups. As shown in the table on page 5,
the monthly-averaged AMIP Standard Output for the
a0 paricipating models has now been quality-
controlied and is available for distribution. The AMIP
daily history has been quality-controliad lor only
three models, although the history for 4 additional
modals is expecied to be ready in the near future.
Thesa data are available to the AMIP Diagnostic

Subprojects by mall or elecironic translar from the
AMIP archives maintained at Livermora by PCMDI
{see page 20 for contacis). The lable en page 5 also
sarves lo identify the specific model version that has
bean used in each modeling group™s initial AMIP
simulation, and corresponds to the AMIF modal
documentation that has recently baen completed by
Tom Phillips (PCMDI Report No. 18, 1934, 343 pp.);
copies of this report are available upon request, and
are expecied 1o be available elecironically in 1935.

| Revisi

Although mentioned in AMIP Newslefier No. 5
{January 1934), all participating modeling groups are
requestad 1o submit the Standard Cutput from
additional runs for the 197988 decade made with
altemative initial conditions with their original AMIP
models. The results of such AMIP model ensembles
are usaful for the sludy of natural variability and
potential predictability, and are a valuable addition o
the AMIP data archives.

i is also requested that the monthly-averaged
Standard Outpul from integrations over tha AMIP

decade made with revised versions of the onginal
AMIP models be submitted to PCMDI, along with a
documentation of the model revisions. These
results will be useful in the validation of speciic
model improvements, will permil a summary of the
performance ol “second generation” AMIP medels,
and will enable the AMIP Diagnostic Subprojects to
update their analyses. The history from such runs is
also welcoma, although a backlog of such data from
the original models is already on hand (see table on
page 5). It is anticipated that PCMDI's ability to
handle such data will be significantly increased with
Ihe acquisition of greally expanded storaga in 1935.

AMIP Validation [

A review of PCMDI's obsarvational data for the
validation of AMIP model parformance (as described
in AMIP Mewsletter No. 5, January 1994) has
revealad that many of the “traditional” data sets were

outdated andior inconsistent in structure and
quality. New and improved versions of these and
other global datasets have now been acquired, as
summarized In the table on paga 2.



Data Set Period Source

Uppar air analysas 1979-1989 GFDL/Cort

Diagnostic analyses 1979—present NOAA/CAC

ECMWF TOGA analyses 1985-19491 NASA/DAD

Hydrology (sfc. temp., precip., 1978-1992 NASADAD
s0il moisture)

MSLU precipilation 1879—prasent NASAMSFC

COADSUniv. Wisc, Milw. Climatology MASADAD
{ocean sic. flux)

S50 hydrology (precip., of. 1887-present NOAAMNESDIS
lig. water, snow, sea ice)

NMC/NCAR reanalysis 19685-1991 NOAANMC

NAL reanalysis 1985-1989 NRL/Monterey

MNASA reanalysis 1985-1992 MNASADAD

All of these data sels contain monthly means
over the indicated period, with the GFDL, NOAA,
and NASA analyses also conlaining the varance and
the MSU dala also containing the dally mean
precipitation. The three reanalysis data sels also
contain daily andfor 6-hourly values, and will be
extended to 1973 whenever possible; data from the
ECMWF reanalysis will also be acquired in 1995.

Consistent with PCMDI's objective to provide

validale and diagnose models over the AMIP pariod,
routines are being developed to parmit regridding 1o
speciic model grids, and to permit access in a variety
of formats with simple code and'or inferfaces 1o
other processing/display systems. It is planned 1o
produce an initial release of AMIP observational data
in the form of a CD-ROM by the time of the AMIP
Sclentific Conference in May 1995 (see page 3). In
the meantime, AMIP participants may request
information and selected data sets from Mike Fiorino

the AMIP community with observational dataina  at fierino@typhoon.linl.gov
consistent and easily accessible form with which o
PCMDI| Software

Part of PCMDI's mission is the development ol software for the storage and display of climate modal
results. While the earlier DRS and MAP software are being usad by several AMIP participanis, hare we report
to the AMIP communily al large the progress that has baen made in exlending these packages and thelr

availability.

DRS—The Data Retrieval and Storage Library

The DAS library is a software library that datines
a data format and access methods that are tailored
for the data used in climate model diagnosis and
Intercomparison. DRS is well suited for research that
requires the storage of very large mulli-dimensional
dalasets on supe . a5 well as in studies
that access subsels of such data for analysis and

display. The basic DRS library (described in PCMDI
Repor No. 16, March 1994) has been upgraded fo
run on Sun/Sun OS, Sun/Solaris, CRAY/Unicos,
SGUlIrlx and HP90OOW/HP-UX systems, and is
available 1o AMIP panicipants and PCMDI
collaboration upon request from Bob Drach ai
drach@crickat.linl.gov



VC5—The Visualization and Computation System

The VCS software was designed to provida
flexible capabilitios for visualizing climate data and for
performing soma of the basic computations imalved
in climate model diagnosis, validation, and
intercomparison. The basic VCS5 package
{described in PCMDI Report No. 17, March 1934
currently runs on Sun/SunOS, Sun/Solaris and
SGlrix, and allows user control of graphics, text,
color and animation, and supports grid manipulation
and data computalion. VCS can be controlled
interactively through a Mot interface or from a scripl
file (or alternatively betwean these modes during a
session), and has the capability to create and control
all aspects of a display (including fline diagrams,
comours, veciors, and color). VCS can also browsa
and exitract stored varlables, manipulate their
dimensions, create oulpul files, and run and'or
create scripts and sequences of graphic images for
animation. The VCS software Is currently being bata-
tested at PCMDI, and will be released to the AMIP
community early in 1995; this version is expected 10
allow the ingestion of several data formats, including
NetCDF and GrADS/GRIB, in addition o DRS.
Further information on VCS can be obtained from
gither Bob Mobley at mobley@rabbitt.inl.gov or
Dean Wiliams at williams@asia.linl.gov

DDI—The Data and Dimensions Inferface

A long-standing problem in the visualization of
large climate (and other) datasets is the extraction of
only the relevant data and delivering them in the
desired form in an efficient manner. The newly-
developed DDI addresses this need by providing an
interactive Motif interface that transfers data
batween files, formats and local or remote
visualization systems. DDI has the capability 1o
browsa data files, randomly salecl varlables, o
manipulale the data dimensions, and 1o rearrange
them in new files for input into visualization systems.
Although undergoing further development, DDI can
currently service a variety of visualization systems,
including PCMDI's VCS, the Application
Visualization System [AVS) from Advanced Visual

Systems, Inc., |IRIS Explorar from the Numerical
Agorithms Group (NAG) Lid., PV-WAVE from Visual
Mumerics, Inc., the Interactive Data Language (IDL)
from Research Systems, Inc., and Collage and
XImage from NCSA. The current version of DDI is
available via anonymous FTP from “sas.nersc.gov”
in the direciory “fpub/DDI". The “Introduction to DDI
and the “DDI Reference Manual® are available via
HTML: *httpfwww_nersc.govidocServices/Applica
tions/Graphics/DDIDDLMmME and can be viewed
with MOSAIC.,

COMS—The Climate Data Management System

The archive of climale model and observational
datasets at PCMDI now comprises over lhree
terabytes of data. To make these data as easy lo use
and manage as possible, the COMS is being
developed to provide a uniform view of the data as
logical collections independent of underlying
physical representalion and location. MNotable
features of CDMS include support for
four-dimensional data amrays in either spectral or
gridded representations, access o data by uniform
C and FORTRAN application programming
interfaces {as well as by an enhanced version of tha
DD browser daseribed above), data storage either
internal to the dalabase or in external filas in any of
several formats including DRS, GrADS (GRIB or
binary) and MetCDF, and datasets with standardized
variable names and units residing on multiple
devices and file systems. CDMS is compatible with
the NEONS data management systaem developed at
the MNaval Research Laboratory in Monterey,
Califernia. Further information on the COMS can ba
oblained from Bob Drach al drach@cricket. linl.gov

Tha PCMDI-developed soltware describad
abova will be made available to the AMIP community
in 1995, It is also anticipated thal portions of the
PCMDI library of statistical and diagnostic software
now under developmeant will be accessible as thay
are completed and tested. Informalion on thesa
software packages can be ablained from Ben Santer
(statistics) at bsanter@rainbow.linl.gov or from Jim
Boyle (diagnostics) at boyled@cobra.linl.gov

AMIP Scientific Cont

An AMIP Scientific Conference under the
sponsorship of the World Climate Research
Programme and the Program for Climate Model
Diagnosis and Intercomparison of the U.S.
Department of Energy, will be held 15-18 May 1855

at the U.S. Maval Postgraduate School in Monlgrey,
California. Based on the response fo the preliminary
solicitation of interest that was widely distributed in
October 1994, an altendance of approximately 150
is expected, including reprasentatives from each of



the modeling groups and diagnostic subprojects
participating in AMIP as well as representatives from
other climale model diagnostic and Intercomparison
activities. N is planned 1o publish the conference
proceedings in the WCRP repont seres, for which
Speakers will be asked to submit their repors either
betore or as soon after the conference as possible.
Although analysis and diagnosis of the AMIP

simulations made with both the original and revisad
atmospheric models will continue, this (first) AMIP
Scientitic Conference is expected to produce a
valuable summary of the AMIP experience to data.
Further information on the conlerence will be
distributed in the near future by the Conference
Crganizing Commitee.

AMIP Contribution to IPCC

Many panicipants in AMIP are contributing as
individuals 1o the Second Scientific Assessment of
Climate Change that is currently being assembled by
the Intergovemmental Panel on Climate Change
(IPCC). In order 1o promote the use of the AMIP
simulations in the validation of atmospheric GCMs,
Larry Gates has agreed to act as the convening lead

author (with back-up by Ann Henderson-Sellers) for
a chapter on climate modal validation in the 1995
IPCC report. With the help of Mike Fierine and other
PCMDI staff, Larry will usa the AMIP database 1o
discuss the mean errors and standard deviation
among the AMIP models in simulating the seasonal
cycle of selected near-surface variables.

Changes and additions to the addresses listed on pp. 10-14 of AMIP Newsletter No. 5§

(January 1294) are given balow.

Dr. Michel Déqué

Cenire Mational de
Recherches Meteorologiques

42 Avenue Coriolis

05T Toulouse Cadex

France

Tel: 33 61 0793 77

FAX: 3361079610

email: michel.deque@mateo fr

CNRAM

Dr. Sultan Hameed
Institute for Temestrial and Planetary
Atmospheres
Marine Sciences Research Center
State University of New York
at Stomy Brook
Stony Brook, NY 11794-5000
Tel (518) 632-8319
FAX: (516) 6832-8379
email: hameed@atmsci sunysb.edu

Dr. Wel-Chyung Wang

Atmospheric Sciences
Resaarch Center

State University of New York

at
100 Fuller Road
Albany, NY 12205
Tel: (518) 442-3367
FAX: (518) 442-3360
email: wang@climate.asrc.abany.edu

D525

UKMOD

D524

D526

Mr. Christopher D. Hall

Hadley Centre for Climate
Prediction and Rasearch

UK. Mateorological Office

London Road

Bracknell, Berkshire RG12 25Y

United Ki

Tel: 44 344 854490

FAX: 44 344 B54858

email: cdhall@eamail meto.govi.uk

Dr. George S. Goliisyn

Institute for At aric Physics
Russian Academy of Sciences

3 Pyzhevsky

Moscow 109017

Russia

FAX:7 095 233 1652

email: laphlroot@kremvax.demos.su

Dr. Sulochana Gadgil

Centre for Aimospheric Sclences
Indian Institute of Science
Bangalore 560 012

India

FAX: DB0 344 1683
email:sulo@cas. lisc.amet,in



AMIP Models and Output Status

Standard
Group Contact(s) Model Version Resolution Oulput History
BMRAC McAvanay BMRC 2.3 R31 L9 completed A
CCG Boer GEM T32 L10 completed
CHNAM Déqué EMERALUDE T42 L30 completed
COLA Straus COLA 11 R40 L18 completed
CSIRO Hunt CSIRO 8 Mark 1 R21 L9 completed completed
csSu Randall csug 4x5 L17 completed  completed
DERF Miyakoda GFDL SM3g2.2 T42 L18 completed A
D Galin AS407.V1 4x5 LT completed
ECMWF Femanti ECMWF Cy36 T42 L19 completed  complated
GFDOL Wetherald GG R3O L14 complated
GISS LoDl Ganio MODEL Il Prime 4x5 L9 completed
GLA Lau GEM-01.0 AMIP-01 4x5 L17 completed
GSFC Park GEOS-1 4x5 L20 completed
AP Wang/Zeng IAP-2L 4x5 L2 completed
JMA Sato GSM BI11 T4z L21 completed
LMD La Trew LMD S 3.6x5.6 L11 completed
MG Meleshko AMIP 92 T30 L14 completed
MPI DomeniiSchiese ECHAM 3 T42 L19 completed
MR Kitoh GCMHL 4x5 L15 completed A
NCAR Williamson CoM2 T42 Lig completed
NMC van den Doaol MAF T40 L18 completed
NRL Rosmiand MNOGAPS 3.2 T4T L18 completod
RPN Ritchie NWP-D40P29 TE3a 123 compleled
SUNYA Wang CCoM1-TG R15 L12 completed
SUNYANCAR Wang/Thompson GENESIS 1.5 T31 L18 completed
UCLA Mechoso AGCM 6.4 4x5 L15 completed
UGAMP BlackbumiSlinge UGCM 1.3 T42 L19 completed
LiuC Sehlasinger MLAM-AMIP 4x5 L7 completed
LIKMO Han UM-CLIMATE1 2.5x3.75 L18 compieted A
YORU Oh TrbA 4x5 LS completed

A denotes standard outputMisiory undergoing quality control at PCMDI



AMIP Diagnostic Subprojects

A total of twenly-six diagnostic subprojects have
now been established (see lable below). Instead of
distributing only the standard output specifically
requested by each subproject as originally
emvisaged, the complate set of standard output for
all models is now available to the subprojects (as well
as to the modeling groups themselves) upon
request. It is assumed, however, that each
subproject will maintain fis approved focus and will
not undertake analyses thal are the primary
responsibilily of another subproject without
appropriate coordination. The subprojects are also
reminded of their responsibility to prepare in dua
course a repon for the WCRP repon series and 1o

An update of the AMIP modeling groups'
participation in the diagnostic subprojects is given in
the table on page 7. Many modeling groups have
designated specific persons 1o serve as their
contacts with those subprojects in which they are
aclively participating, and this list is available upon
requesl. While proposals for additional diagnostic
subprojects are welcome from either the modeling
or diagnostics community, the AMIP Panel urges
that turther diagnoses and validation be carried out
In cooperation with the exisling subprojects
whenever feasible. Brial descriplions of the
preliminary results from selected subprojects are
given on pp. B=19.

submit their results to PCMDI for archival storage.

Data Needs
HNumber Leader(s) Short Title aid, Output  History
1 J. Slingo (UGAMP) Synoptic variability - & hr
2 Zwiars (CCC) Low frequency varability - 24 hr
a Lambert (CCC) Cyclone frequancy - 12 hr
4 Duvel (LMD} Charuy (LMD) Greenhouse sensitivity x 6 hr
5 Randall (CSL) Surface ocean fluxes x -
B Palmer (ECMWF) Monsoonst) 1) x & hr
7 Lau (GLA) Hydrologic processes X B hr
B8 Walsh (UIUC) Polar processes(®) x 24 hr
g MeAvanay (BMRAC) S.H. circulation X & hr
10 Tibakdi (ADGB) Blocking - 24 hr
11 Robock (UMD) Soil moisture x & hr
12 Henderson-Sellers (MACL) Land surface processes®) X G hr
13 Weare (UCD)Mokhov (RAS) Cloudiness X -
14 Potter (PCMDI) Cloud forcing X & hr
15 Hide (UKMOWJPL) Angular momentum - 6 hr
16 Mechoso (UCLA) Straloespheric circulation - 24 hr
17 Roberson (MSFC) Waler, energy balance(®) X & hr
18 Meleshko (MGO) Exireme avenis 4 -
19 Christy (UAL) MSL validation X 6 hr
20 Hewitzon (UGT) S.H/S. Arica circulation - 12 hr
21 Jones (CRU) Surface climatologies x 24 hr
22 Tanaka (UTSLU) Energetics - 12 hr
23 Hameed (SUNYSHE) Centers of action X 24 hr
24 Goltsyn (RAS) Caspian Sea X 24 hr
25  Wang (SUNYA) East Asian climate X 24 hr
26  Gadgil (I55) Monsoon precipitationt>} X -
(1) cpordinated with MONEG/TOGA, GOALS/CLIVAR
) coordinated with SIOMP/ACSYS
) coordinated with PILPS/GEWEX
) coordinated with GCTR/GEWEX
(%) coordinated with START



AMIP Diagnostic Subproject Number (see table on page €)
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Repors from AMIP Diagnostic Subprojects

In this Newsleller we begin the presentation of brief reports from the AMIP Diagnostic Subprojects,
salacied from the summaries submitted in response to the request made in mid-1854.

Tropical Variabiity
Subproject No. 1: J. Slingo

The first phase of this subproject, whose
purpose was to examine the ability of the
panicipating models to simulate the wropical
intraseasonal oscillation, is almost complete.
Fourteen modeling groups were able to provide the
requested time series of equalorial upper
tropospheric velocity potential and zonal wind.
These data have been analyzed using a variety of
tachniques such as time fitering and space-lime
spectral analysis 1o identity eastward and westward
moving waves. The resulls have been compared
with an identical assessment of ECMWF analyses for
the period 1882-1891.

The modals display a wide range of skill in
simulating the intraseasonal oscillation. Mest models
show evidence of an eastward propagating anomaly
in the velocily polantial field, although in some
models there is a greater tendency for a standing
oscillation, and in one or two models the field is
rather chaotic with no preferred direction of
propagation. Where a model has a clear eastward
propagating signal, typical periodicities seem quite
reasonable although there is a tendency for the
models to simulate shorter pericds than in the
ECMWF analyses whara il is near 50 days. The
results of the space-lime speciral analysis have
shown that none of the models produce spectra
which compare well with the results from the
ECMWF analyses. Sevaral models have peaks at
intrazeasonal time scales, bul nearly all have
relatively more power at higher frequencies
(<30 days) than the analyses. Most models also
underestimate the strength of the intraseasonal

variability.

The relationship between a model's infra-

seasonal activity, ils seasonal cycle and the
characteristics of its basic climate have been

examinad. I iz clear thal those models with weak
intraseasonal aclivity also tend fo have a weak
seasonal cycle. it is becoming increasingly evident
that an accurate description of the basic climate may
be a prerequisila lor producing a realistic inlra-
szasonal oscillation. A preliminary report describing
thesa resulls was circulated to paricipants earlier in
the year, and a more comprehensiva paper for
publication as a WCRP Report has been submitled.

Low Frequency Variabildy
Subproject No. 2: F.W. Zwiers

The purpose of this subproject is 1o
inlercompare simulated and observed variability,
primarily by means of a patential predictability
calculation. Ovdinary calculations of this sort use a
ona-way time-domain analysis of variance (ANOWVA)
lo compare the fotal interannual variability of a
seasonal or monthly mean with the component of
varlation in this mean which Is induced by daily
weather nolse. In the AMIP context, in which many
runs are available, a 2-way ANOVA is used to
partition interannual variability according fo source
(initial conditions or modael bias, external {i.e.,
boundary) forcing, internal sources and weather
nalsa).

Work to date has consisted of methodological
developmenl and its application lo observations and
1o an ensembile of 6 AMIP simulations which have
been conducted in-house with the CCC GCM. The
methodological development focused on finding
ways In which to conduct the potential predictability
calculation utllizing monthly means from the
standard AMIP dataset rather than the daily data
which was used formery. This was necessary to
reduce the volume of data required for analysis and
to broaden the number AMIP simulations that can be
analyzed. This work is now complete and we have
begun transfering data from PCMDI to Vicloria. Cur
intention is 1o prepare a standard set of variability

T ey



diagnostics from each simulation and 1o
subsaquantly involve participanis by asking for their
assistance with interpretation,

Figure 1 displays the zonally averaged
interannual variance of DJF mean 500 hPa
geopotential as computed from observations. Note
the peak at the north pole (which may be due o
sampling variability), a paak at about 75" N which is
due o varation over Greanland, and a third peak at
about 42° N which reflacts the mid-katitude NH storm
tracks.

Figure 2 dispiays locations at which the
interannual variance of 500 hPa geopotential is
significantly greater than the variance induced by
weather noise alone. Significantly large
varianceratios can be seen in a broad tropical band
which presumably reflects slow variations in 55T in
the tropics. Also, nole the significant ralios in the
region of the Aleutian low, over the southwestemn
US and Mexico, and a suggestion that variations in
the SPCZ are potentlally predictable. These findings
are in general agresment with those of Madden
(19768) who used 1899-1972 NH MSLP station
data, bul are somewhal al odds with those ol
Trenberth {1985) who used 1972-80 ECMWF
analyses and lound significantly large ratios over
Antarciica as well as in the Iropics.

Figure 3 displays the zonally averaged
interannual variance of DJF mean 500 hPa
geopotential aggregated across the & AMIP
simulations. Note that the simulated variance is only
about 50% of that observed. This discrepancy is
larger than that which can be aftributed to sampling
variation {in the observations), obsarvational emor,
analysis ermor or the effects of network and analysis
system changes during the 10-year AMIP period.
The peak at the north pole is not present in the
simulations, the peak at 75" N which is associated

with variation over Greenland is present (but not
large encugh), while the peak associated with
narthern mid-latilude storm tracks & antiraly absant.
Centers of variation which are associate with these
slormn tracks are prasant in the simulated climate but
are much waaker than obsarved, Variation in the
tropics is also only about 50% of that which is
observed despite the imposition of the observed
S5Ts al the lower boundary.

Application of the 2-way lime-domain ANOVA
reveals that thare are no significant contributions to
fha tatal simutated interannual vanability of 500 hPa
height from either the initial conditions or from
sources internal o the model, However, thera ara
significant contributions from boundary forcing. This
contrasts sirongly with Zwiars (1587} who found
potential predictability in a 20-year simulation with
CCC GCMI from sources apparently internal io thal
model. When the 2-way ANOVA compuiation is
repeated with B850 hPa temperature we find strong
conlributions from boundary forcing and weak
avidance that slow land surface variations (which are
internal to the model) have a local polentially
predictable effect over tropical land masses.

Figure 4 displays the result of the test for
polential prediciabilty from external sources for 500
hPa geopotential. The tropical band of large
varlance ratios is wider than in the observations,
partly because the larger volume of data has
increased the sensilivity of the test and partly
because the simulated climale contains less weather
noise than the observed climate. Nole also the
centers located over the norh-eastemn Pacific and
eastern North America which are felt to reflect the
simulated atmosphere’s responsg to ENSO, a
suggestion that varafions in the simulated SPCZ are
boundary forced and, consisten! with Trenberth
{1985), a suggestion that variafions al high southermn
latitudes are polentially predictable.

g
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Fig. 1. Zonally averaged interannual variance in  Fig. 2. The signilicance of the ratio of the
{gpm}® of DJF mean 500 hPa geopolential interannual variance of DJF mean 500 hPa
computed from 1978-88 NMC analyses. geopetential fo the weather-noise inducaed
variance of DJF mean 500 hPa
geopotential (see Swiers, 1987 for details).
The light, medium and dark shading
indicate ratios that are greater than one at
the 10%, 2% and 0.4% signilicance lavel,
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Fig. 3. Asin Fig. 1, except for DJF mean 500 hPa  Fig. 4. As in Fig. 2, excepl thal the variance ratio
geopotential simulated in the ensemble of diagnoses the external boundary forcing
& CCC GCMII AMIP runs. contribution to the interannual variance
simulated by the CCC GCMIl in an

aensambia of 6 AMIP runs.
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Surfaos Ocean Fluxes
Subpreject Mo, 5: D. Randall and P. Gleckler

We are investigafing energy fluxes across the
surface of the ocean, and the implied occean energy
transports as simulated by the almospheric genaral
circulation modals participating in AMIP. Of course,
in all of these models ccean surface lamparatures
and sea-ice boundaries are prescribed. The ocean
meridional heat transport that would ba required 1o
compensate for these surface fluxes has been
computed from the ten-year means of the surace
fluxes. Our analysis to date shows that the implied
ocean energy transporis are crilically sensilive 10 the
radiative effects of clouds, to the extent that even
the sign of the Southern Hemisphera ocean energy
transport can be atfected by the arrors in simulated
cloud-radiation interactions.

Thera is no nead 1o identify the models
because the point to be made applies to all of them,
and is illustrated in the accompanying figure. The
upper panal of the figure shows the ocean energy
transports inferred directly from the simulated net
surface energy fluxes produced by esach model

=i

Heal b T [P

{after removing the generally small global mean).
Tha lower panal shows the coresponding results
oblainad I the almospheric energy Iransport
simulated by each model i subtracted from the 1otal
{atmospheare plus ocean) energy transpor Inferred
irom ERBE (Earth Radiation Budget Experiment)
data. In effect, the lower panel shows the ocean
energy irangports that would be implied by each
atmospherc model if the simulated Earth radiation
budget was perfect and the almospheric anergy

fransports were unchanged.

In the upper panel of Fig. 5 the ocean enargy
ransporis implied by many of the models are
northward at all latitudes, even in the Southem
Hemisphere. In the lowar panel, the "ERBE-
comected” ocean energy lransporis are poleward in
both hemispheres for all models. The difference
batwean the two panals is quite striking, and shows
that errors in the simulaled Earth radiation budget
are responsible for the presumably eroneous
northward ocean enargy transpors in the Southem
Hemisphere, as produced by several of the models.
The ermors in the simulated Eanh radiation budgets
are likely due to erors in the distribution of clouds

and/or the cloud oplical propertias.

B e = = =

Fig. 5. Panel (a) shows the annual mean global northward ocean energy lranspor implied by the AMIP

simulations. Panel (b) shows the commesponding implied ocean enangy

transport il the simulated

almospheric energy transpon produced by each model is subtracted from the lotal (ocean plus
atmospharna) enangy transpon implied by ERBE data.
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Monsoons

Subproject No. 6: K.A. Sperber and T.N. Palmer

As part of the charge of tha AMIP subproject
“lonsoons” we have been evalualing the ability of
the modals to simulate regional precipitation
variations. Hera we report on interannual rainfakl
variations simulated over the Indian subcontinent
averaged over the menths June-July-Augusl-
September, and over the Nordeste reglon of Brazil
averaged over the months March-April-May. For
each model the rainfall index has been normalized
by removing its mean and dividing by s standard
daviation. When compared with the cbserved all-
India rainfall index of Parthasarathy et al. (1992), the
heavy black curve in Fig. 8a, the indices exhibil litla
of no coherence amang the simulations in
representing the observed interannual variations of
Indian monscon rainfall, even during 1987 and 1388
when the large SST anomalies associated with
El Nifo and La Ninha provided a substantial

n to the flow. A similar analysis of
the simulated March-April-May MNordeste
precipitation and March-April observalions
{Hastenrath 1932, personal communication) is given
in Fig. 6b. While there is still significant spread
among the models, there Is some indication of
gualitatively coherent behavior, paricularly from
18B2-88.

in an etfort to find some undertying order in the
ahility 1o represent precipitation variations through
the use of teleconnaction studies, we parform lag 0
correlations of each model's rainfall indices with the
S5T. Only those models that qualitatively represent
the observed teleconnaction pattem are relained in
Figs. Bc—d. With regard to the all-India/SST
relationship, 17 of the models have shown some
gkill at representing the cbserved teleconnection
pattern. These models all qualitatively represented
the relative increase in precipitation in 1988 relative
o 1987, Allhough 1982 and 1983 were also dry and
wet years, analogous fo 1987 and 1988, the
“universal” coherency exhibited by this reduced sel
in the rainfall anomaly tendency from 1987 to 1988
is not found in 1982 and 1883. Either the models
lack the necessary sensilivily for the Indian
monsoon preciphation o respond to the 1982 and
1983 S5T, or other less well understood controlling
taciors, such as Tibetan snowcover, soil maisiure or
exiratropical influences play a significant role in
modulating the interannual variations of the Indian
monsoon.

For Mordesta, only 6 of the models were unable
to qualitatively represent the observed
leleconnection patlern. With their exclusion, the
reduced set of indices (Fig. 6d) exhibit a decrease in
the spread, particulary during the later portion of the
integrations. Given the intimale relalionship of
Mordeste rainfall to tropical 55Ts (Hastenrath 1990,
Ward and Folland 1991, Sperber and Hameed
1992}, stronger than the Indian monsoon/SST
ralationship, the Nordeste variations are inherently
mare predictable than those associated with the
Indian monsoon. This is borne out from the analysis
of these rainfall indices from ensemble AMIP
integrations with the ECMWF madel, presented in
Figs. Be-l. These ensembles differed only in their
specification of initial conditions. For the Nordesle
region, Fig. 61, the surface forcing dominates over
the internal atmospheric variabllity, whereas in the
case of the Indian monscon rainfall variations,
Fig. 8e, the initial conditions exer a strong
influence through random or chaotic atmospheric
perturbations. In this case the 1987-1588 Indian
monsoon lendency is robust owing to the strong
SST anomalies that persisted into JJAS. Al most
other times there is fittle or no agreement among the
raalizations with regard 1o the sign of the anomalies
or their tendency.

The use of a regional rainfall index as a means of
model verification has proven 1o be a stringent test
of a model's ability to simulate interannual variations.
With regard 1o the influence of the remole 53T
forcing, nearly half of the models evaluated
exhibited fundamental ditficulties by their failure to
even reallze the correct phase of the observed all-
India rainlall’SST teleconnaction. We find thal the
link betwsen Indian monsoon rainfall and SST is
strongest under ENSO conditions, particularly when
substantial anomalies in the lropical Pacilic Ocean
persist during June-September. Al other times litle
or no consensus among the simulations exists with
regard to Indian monsoon rainfall, even in the initial
condition sansitivity simulations performed with the
ECMWF model. Contrary o this, the simulations of
Mordeste rainfall variations are more coherent owing
to fact that their dominant controlling factor is tropical
S5T and from their relative insensitivity to initial
conditlons.
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Hydrologic Processes

Subprafect No. 7: W.K-M. Law,
Y.C. Sud and J.H. Kim

The objective of this subproject is to evaluale
the ability of GCMs to simulate the glabal hydrologic
cycl and 1o explore means of validation of GCM
pracipitation and hydrologic processes with space-
and ground-based observations. We have
completed the intercomparison of the precipitation
(P}, evaporation (E) and surace hydrologic forcing
{(P=E}) for 13 AMIP GCMs and for relavanl
observations over a variety of spatial and temporal
scales. These include global and hemispheric
meaans, latiludinal profiles, selected areal means lor
the tropics and extratropics, and for ocean and land.
Ower land, the GCM runoff is also compared lo runoft
eslimates Irom river-routing models and from
hydrographic data. In addition, we have compried
pattern correlations among models and
observations as a function ol the calendar months,
harmonic dials for annual and semi-annual cyckas,
and rain-rate trequency distributions.

As expacied, the results are mixed. Except fora
few outliars, the models produce a global and
hamispharic mean annual ic cycle to within
approximately 20-30% of thal observed. The
differances among model precipitation eslimalas
over the ocean are as large as those among
climalological estimates. The discrepancias among
modals ara langest over the land regions. Thase may

be dua to the diverse landsurdace schemes used in
ihe dilferant models. As a whole, the models seem
1o foliow the simple “rule of thumb™ that more (less)
rain is associaled with a cooler (warmer) kand surdace
(ag shown in Fig. 7). We also found that not all the
AMIP GCMs have a globally balanced watar cycle
ovar the 10-year AMIP integration, paricularly
models from numerical forecast centers where
prasumably no special attention was devoled o
conserving the water cycle over a long-tarm
Integration.

Another noteworlhy rasull s the
intercomparison of ensemble mean rainfall
frequency distribution. A common feature shared by
the AMIP models is that they all underestimate the

ion in the light rain {0-1 mm/day) category.
The ratio between the lowest rainrate and the nex
(1-2 mmiday) category for the model ensembie
average s approximately 1 to 0.8. In conlrast, the
same ralio from observations is approximataly 1 1o
0.4, Tha models overestimate the rainrate in the
medium rain category (2-4 mm/day) by about
15-20% compared to observations, while at higher
rainrates, the models are consisient with
obsarvation. These findings imply that there is a
reasonable degree of realism in the model
parameterization of convectiva rain, but that there
may be a fundamental problem regarding the
production of light rain. This may be due to the
improper treatmen! of shallow convection, in
particular boundary-layer stratus, in most GCMS.

Rainfall wa. Surfoce Alr Temperoture
ovar Land

T
1id
0.91
0.6
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g =3 <) 1.0 1
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Fig. 7. Scatterplot of the simulated averaged rainrate vs. the simulated surface air temperature during 1578—

1988 over land. The obsarved data are from the cimatology of Legates and Willmott. Regions with
land ice are excluded,
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Southemn Hamisphere Circulation
Subprofect No. 9; B, McAvaney

Twenty of the AMIP model simulations have
been sysiemalically compared for a numbar of
leatures of the Southern Hemisphere circulation.
Thus far emphasis has been restricted o the
simulations of mean sea-level pressure (MSLP),
lemperature and winds. Infercomparisons have
been made of (i) seasonal variation in the amplitude
and latitude of the ci trough in each ocean
basin, {ii} spatial variation in the amplitude and phase
of the semi-annual oscillation in MSLP,
(ifi) Irequency ol occurrence of the split jet at 200

hPa In winter in the Australasian sadior, (i) rms emor
in zonal mean and long wave MSLP fields, and
(v} the semi-annual oscillation in temperature
gradient and lis relationship to pressure changes in
the circumpolar rough. This latter feature is shown
in Fig. 8. A number of the models reproduce the
observed amplitude of the semi-annual companant
in the pressure in the trough (about 2 hPa), but the
amplitudes of the semi-annual component of
temperature gradient are all somewhat weaker than
the ocbserved value of about 1.3K. The modal
simulations show a strong linear relationship
between these quantities.
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Landsurface Processes

Subproject No. 12 P.K. Love and
A. Henderson-Sellers

This subproject is Phase 3 of the GEWEX
Project for Intercomparison ol Landsurace
Parameterization Schemes (PILPS), and is
examining AMIP models that have a connaction with
PILPS. Three stages have been identified lor the
AMIP-related research. The firsl, which has been
compleled in the form of a technical repor,
examines the general landsurface climatologles and
identifies regions for study based on areas of model
consisiencies and differences in forcing and
response varables. The sacond stage, which is near
completion, examines regions used in the first stage
and the regions selecied for tha PILPS off-line
simulations. The third stage is comparing the output
from AMIP AGCMs that have completed simulations
with two different landsurface schemes.

Ona of the imMeresting results from the first stage
has baan the large landsurface energy residuals.
Thesa are defined as the sum of latent heat,
sansible heat and net radiation. Of the seven AMIP
modals examined, the global surface energy budget
was found to be unbalanced for three madels. Two
models had a global energy residual of a magnitude
of about 8 Wm-2 and ona model had a residual of
13 Wm2, These residuals were nol simply

associated with high latitudes, bul generally
occurred significantly at all lathudes (Fig. 8). The
residuals do mol appear to be relaled 1o inRialization,
and similar global values were found using only grid-
points without snow cover. If the energy residuals
are not due to errors in model coding and in the

ing of the model outpul, they must be
artifacts of the land surface paramatarization. Sama
landsurface schemes fix the tempearature of their
deepes! soil layer and il this lamperature ks not equal
io the average of the schame’s surlace lemperalure,
then there will ba a nat flux Inte or out of the soil.
This has been proposed by one group as the
explanation for thair anergy residuals. The models
that do not use a fixed deep-layer lemperaiure
employ mathods that use zero flux formulations in
which thare is no heat transfer at the deepes! soil
layer. As these modets do not allow heal transler al
their lower boundary, energy cannot be lost from the
s0il except through the surlace. Two of the models
with high energy residuals employ such schemes,
as do three of thosa with low enengy residual. The
energy residuals are being studied in more detail in
the second and third stages of the subproject.

Queries with rogard to the PILPS ofl-ling
experiments can be sent by e-mail lo pilps and
queries specilically related to PILPS Phasa 3 (AMIP
Diagnostic Subproject 12) can be sent 1o pklove,
bath @ magmet.cle.mg.edu.au
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Cloud-Radiative Forcing
Subprojact No. 14; G.L. Potfer

As a firsl slep in the diagnosis of net cloud-
radialive forcing from the AMIP standard output, the
len-yaar zonal average net cloud forcing for both
January and July was compared to the ERBE S4
preduct for the four ERBE years 1885-1988. The
zonal average DUF cloud radiative forcing i ehown in
Fig. 10. The resulls indicate a systematic error
among all models compared to ERBE: In both DJF
and JJA (not shown) and from approximately 30° N
ta 30° S the models produce excessive nagative
cloud forcing. That is to say, the models’ clouds are
oo eflactive in coaling the Earth. In the high
latitudes of the summer hemisphere the opposite
arror is present. With the limited amount of
shortwave and longwave flux data available {which
were unforfunately nol explicitly included in the
AMIP standard output), it was determined that thia

AMIP Net Cloud Forcing (DJF)

error in the lopics is almost entirely explained by
s in the shortwave cloud radiative forcing, while
the error in the high latiudes is likely due to the
underprediction of cloud cover, In the tropics, there
is some suggestion from surface flux data that the
Earth's surface Is absorbing too much solar radiation.
In conjunction with the excessive reflection 1o
Space, the only reasonable conclusion is that the
models’ almospheres are not absorbing enough
solar radiation. These conclusions were
indapendently reached by Cess and Ramanathan. If
substantiated by additional surace measuraments,
this systemalic error suggests that virtually all
almospheric GCMs in use today substantially
underestimate the shortwave absorption by the
dimasphere in the tropical latitudes. i atmospheric
models are used in thelr present form 1o couple to
ocean models, i is apparent that large emors in the
simulated poleward energy transport could ocour for
this reason akona.

T-Flun
W EFSE (Harrison o al. (1880
150 - - -
90N 60N 30N Eq 308 605

Latitude

Fig. 10. The December, January and February zonal average nel cloud radiative forcing from 25 AMIP
models, and from observations of the Earth Radiation Budget Experiment (ERBE) during 1985
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Angukar Momenium

Subprofect No. 15; R. Hida, J.O. Lickey,
5.L. Markus, A.0. Rosen and D.A. Salsiein

The principal objective of this subprojedt is 1o
examine the ability of the AMIP models to represant
satistactorily temporal fluctuations in (1) all threa
components of the angular momentum of the whala
atmosphara on imerannual, seasonal, and shorder
lime scales, and (2) concomitant torques associated
both with surace friction in the oceanic and
continental boundary layers and with pressure
gradient forces across topography. The atmospheric
angular momentum (AAM) veclor consists of the
axial and two equalorial components, and is
variations are related (o small but measurable
changes in the Eanh's retation. By elementary
dynamical reasoning, AAM fluctuations must be
intimalaly linked as well with global energetic
inferactions.

Wa have begun by intercomparing time sanas of
seasonal and interannual variafions in the axial
component of AAM based on the AMIP dala
available, which, by early 1294, consisted of monthly
mean valuas from 12 models. Also being utilized are
pbserved momenium values calculated from
monthly means of MNational Meteorological Center
(NMC) global wind analyses, and gecdelic data on

length-of-day fuctuations. If the first inder-
comparisons are lypical, most ol the models
represent the global mean wvalue of the axial
componant of AAM satisfaciorily, but they gonarally
exhibil significant discrepancies on a regional basls.
Seasonal and interannual variations of the AAM
signal are represented with varylng degrees of
accuracy, with tha best models simulating major
aspects of tha varations seen during the bwo El Nifo
evenis thal occurred during the AMIP period
{Fig. 11). While considerable variability is found in
the lafifudinal struciure of the AAM response among
the models, the ensemble mean axhibils clear
evidence of poleward propagation on imerannual
time scales, similar to a patiermn found in latitudinally-
belted AAM data derlved from NMC analyses (not
shawnj.

When more complete AMIP data become
availabla, we will analyze and intercompare the ability
of salacted models (on the basis of thair
performance on seasonal and interannual fime
scales) to reproduce the observed angular
momentum fluctuations on intraseasonal tlime
scales. To date, results of the subproject have bean
prasented at the 1233 Fall Meeting of the American
Geophysical Union and at the American
Meteorological Sociely’'s Sixth Conference on
Climate Variations in 15994,

AAM Interannual Signal
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Fig. 11. The average interannual anomaly of relative axial atmosph
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eric angular momeantum, computed by

integrating zonal winds over the globe between 1000 and 50 hPa of twelve AMIP models for each
calendar year of the decade 197988 (solid line). The value for + one standard deviation of the
twelve model values for each year is representad by the vartical bars. The dashed line indicates the
obeerved (NMC) annual values. The decadal mean of the series for each model and for NMC has
been subtracted in parorming the calculaticns.



MS5U Temperatura
Subproject No. 19: J.R/. Christy

The objective of this subproject is to ulilize the
high-precision satellite Microwave Sounding Unit
(MSLU) measurements of atmospheric tomperalura
85 a base for validation and study of ouwtput from
global climate models participating In AMIP.
Comparisons of the model output (B50-200 hPa
thickness) with tha MSLU tropospharic temperatura
have been parormad.

We have found that the global maan thickness
anomalies of the models, onceé normalized by the
S5T lorcing, vary from 40 m per degree of S5T
change io 65 m per degree, vs. the observed valua
of 55. In addition, the decadal trends of the

tropospheric temperaiure {derived from the
thickness anomalies) are all positive over the ten-
vear period, and 11 of the 13 models produced
trends grealer than the +0.11 deg’decade forcing
provided by the SST. The actual trand in the MSL
Was near zero. Thesa resulls are displayed in Fig. 12
where models are arranged according to the
sansitivity ol the troposphere lo S5T lorcing, with
the decadal trend represanted by the horizontal bar,

The global mean lropospheric lemperature
anomalies are reproduced lairly well, wilh
corralations of annual anomalies (models va. MSLU)
generally above 0.8. The ENSO evenls of 82-83
and 87 confribuie the largesi varance in both sets of
data,
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Fig. 12. 197988 trends in global mean tropospheric temperature for 13 global climate models in AMIP, as
well as trends in the S5T forcing, and two MSU layers (MSU 2R being the most appropriate for

companson).
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Surface Climatologles

Subproject No. 21:; G. Srnivasan, M. Hulme and
C.G. Jones

The purpose of this subproject Is 1o compare
tha AMIP models’ simulation of monthly precipiation
and temperature with cormesponding land-based
climatologies over the AMIP decade. Of these,
proctzaﬂon ks the more difficult 1o simulate. Monthly
pracipilation fields produced by a subsst of 13
currently available AMIP model experiments have
baan evaluated for the tropical region using a land-
only observed dataset for the period 198013848,
The models show large varialions in their abildy 1o
reproduce observed tropical precipitation, although

ial correlations indicate that some of the models
simulate the pattemn of the obsarved precipiiation
fairty well. The comrelations are strongest during DJF

DaF PRECIH

WS

and weakes! during JJA, while the RMS errors of the
models are largest during JJA (see Fig. 13).
Individual models also exhibi a consistent dry or wat
bias as compared 1o the observed pracipilation
figlds.

Comparison batween model and observed
precipitalion time series for two central Pacific
locations show thal most models are unable fo
reliably reproduce inferannual precipitation variabiliy
in this region. The exceplions are the ECHAM,
ECMWF and JMA models which simulate the
observed precipilation characteristics of this region
with a reasonable degree of fidelily as demonsiraled
by thair high spatial, and relatively good anomaly,
correlations. Thera is a clear tendency for better
parformance lo be associaled with higher resolution
models.
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Fig. 13. Average (1580-1988) RMSE (in mm day ') of selected AMIP model precipitation fields for DJF and
LA as compared to the CRUDDS2 observed dataset.



Energetics
Subprofect No. 22: H1. Tanaka

The purpose of AMIP project has close
conneclion to thal of MECCA project. Therefore,
many of AMIP invesligators are also MECCA
investigators. In this shori report of the preliminary
results, a comparison of the energy in the
zonal wavenumber domain is presented for
NCAR/CCM2 and observation by the ECMWF. The
analysis mathod is based on the standard spectral
enargelics by Saltzman. The anargetics
characteristics for the ECMWF global analysis are
examined for consecutive 5 years from 1986 to
1990 to find the average energy levels as well as the
interannual variability in the observed almosphara.
The objective of the present energetics analysis is
to undersiand how the energy levals and anergy
interactions depend on the horizontal resolution of
various climate models. For this reason, the
enargelics characleristics of the NCAR/CCM2 are
companad lor the resolutions of R15, T42, Te3, and
T106. Since the AMIP models have diversified

model resoluticns, a comprehensive comparison of
the same model oulputs for ditferent horizontal
resobution would offer a meaningful milestone for
the diagnostic analysas.

Figure 14 illustrates kinetic and avallable
polential energy specira for various resolutions of
the CCM2 during northem winter. Platled also in the
same figure is the 5 year mean energy level and the
standard deviation for the ECMWF analyses. The
characteristic enargy spectra at the truncation wave
number is cleardy detectable. It is shown that the
energy specira for various model resolutions are
within he deviation of the ECMWF analyses. The
spectral energetics results are available for the
complete energetics terms, such as baroclinic
conversion, zonal-wave interaclions, wave-wave
interactions, generation, and dissipation.

As the AMIP diagnostic subproject, we plan o
extend the present speciral energetics analysis for
othar AMIP models, including those of JMA, MRI,
NMC and ECMWF.
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Easl Asian Climate

Subproject No. 25: W.-C. Wang, G.-X. W,
H.-H. Hsu, and X.-Z. Liang

This subproject sponsored a workshop on
“General circulation model simulation of East Asian
climate® during October 18-20, 1994 al the
Almospheric Sciences Research Center, State
University of New York, University at Albany. The
workshop was attended by fourteen scientists from
five groups: Institule of Almospheric Physics (IAP),
Chinese Academy of Sclences; Department of
Atmaspheric Sciences, Natlonal Taiwan University
(NTU): Atmospheric Sclences Research Center,
State University of New York at Albany (SUNYA);
National Climate Center, Chinese Meteorological
Administration (CMA): Program for Climate Model
Diagnosis and Intercomparison (PCMDI), Lawrence
Livarmore Mational Laboralory. Several graduate
students trom SUNYA also participated.

Prof. Wei-Chyung Wang gave a brief welcoma
and stated the objective of the workshop., He
elaboraled on three relevant questions o be
addressed concerming the subproject: What are the
observed characteristics of EAC? (e.g., the temporal
and spatial variations of the monsoon), Can we
quantity these characteristics so that they can be
used lo compare with GCM simulations? (e.g., the
climatological mean evolution of the monsoon), and
What can we say aboul the GCM if the model
simulated characteristics “agree® with the

observalions? It is clear that understanding the
mechanisms that influence the EAC is the ultimate
goal of tha subproject.

The workshop was organized around two
sessions: The first session (one-day) consisted of
presentations of GCM simulations and diagnoses of
east Asian climate from the individual groups; the
sacond session (two days) included discussion and
writing of the workshop decument for the planning
ol future research. For the eighl presentations given
in session 1, Drs. Michael Dudek and At Samel
served as reporiers for the GCM simulation and GCM
diagnostics, respectively. In the second saession,
Dr. Xin-Zhong Liang gave an overview of the
important characteristics of EAC on various time and
spatial scales; he also presented the SUNYA 1994—
95 plan for the subproject. This was followed by
presantations from Prof. Guo-Xiong Wu,
Prol. Huang-Hsiung Hsu, Dr. K. Sperber and Dr.
Yong Luo outlining, respectively, the 1AP, NTU,
PCMDI and CMA research for next year. All groups
recognized the importance ol examining the
maodel's ability o simulate the climatological mean
evolution of the east Asian monsoon and agreed o
conduct such a joint task within the next six months
and 1o present the preliminary results at the May
1985 AMIP conference. Data needad lo conduct
modal-to-observation comparison were also
discussed.



AMIP Contacts

Cuestions, suggestions and commenis on AMIP are welcome, and may be direcied 1o the fallawing:

Geperal

PCMDI e — Lamy Gates
tel: (510) 422-7e42
fax: (510) 422-7675
emall: gates5@linl.gov

WGNE — Lary Gales, Chairman
;l:rlniu:l George Boer (CCC, Vicloria)
Lennart Bangisson
{MPI, Hamburg)
David Burridge

(ECMWF, Reading)

WCRP mle — Roger Newson (Geneva)

DOEmle — Mike Riches (Washington, DC)
PCMDI technical support
Computer — Jemy Poller
time, user lel: (510) 422-1B32
accounts fax: (510) 422-7675
email: potter@oliver_linl_gov
or
Lisa Corsetfi
1el: (510) 422-8705
fax: (510) 422-7675
email: lisa@zeppelin.iinl.gov
DRSami — Bob Drach
COMS 1al: (510) 422-8512
softwara fax: (510) 422-7675
email: drachi@crickeliinl.gov
VCSand — DeanWiliams
DO tel: (510) 423-0145
goltwarna tax: (510) 422-T675
emall: willams@asia.linl.gov
or
Bob Mobley

tel: (510) 422-7649
fax: (510) 422-7675
amail; mobley@rabbit.linl.gov

Validation

data

Model

documentation

Simulation
standard
ouiput

Simulation
history

software

Diagmostic
soltwars

— Mike Fiorino
tel: (510) 4238505
fax; (510) 422-T675
email: fiorino@lyphoon.linl.gov

— Tom Phillips

tel: (510) 4220072

fax: (510) 422-T67S

email; philips@iworks linl.gov

— Paler Gleckler
tel: (510) 422-7631
fax: (510) 422-7675
email: glackleri@alrsea.linl.gov
or

Susan Petaerson
tel: (510) 422-7682
fax: {510) 422-7675
email: susan@albedo.linl.goy
or
C Deaasa
?ﬁ?{ﬁiﬂ] 423-0358
fax: (510) 422-7675
email; dease@yoda.linl.gov

— Kan
tel: (510) 422-7720
fax: (510) 422-7675

email: sperber@space.linl.gov

— Ban Samer
tel: (510) 423-4240
fax: (510) 422-7675
email: bsanter@rainbow_linl.gov

— Jim Boyle
tel: (510) 422-1824
fax: (510) 422-7675
email; boyle@cobra. linl.gov

Trmr_ﬂ{an:l_ — Lourdes Placeres

admindsiration

lel: (510) 422-7638

lax: (510) 422-7675

email: placeras1@lnl.gov
or

Anna McCravy

tel: (510) 422-88394

fax: (510) 422-7675

email: mecravy@sprite.linl.gov



