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Aninformation summary and activities descriplion for the Almospheric Model Infercomparison Project (AMIFP)
of the World Climale Research Programme's Working Group on Numerical Experimentation (WGNE).
Technical and computational support for AMIP is being provided by the Environmental Sciences Division of

tha U. 8. D

ni of Energy through the Program for Climate Model Diagnosis and Intercomparison

(PCMDI) at the Lawrence Livermore National Laboralary (LLNL) where this NMewsletter is edited by Larry

Gales,
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AMIP Background and Conlacts

While the WGENE has for many years coor-
dinated the iMercomparison of the performance of
operational numencal weather prediction modals,
recognilion of the need for a comprehensive
inMercompartson of climate models led 1o an infor-
mal mesating of experts on modeling standards and
intercomparnson in Boulder in August 1983, Based
on the recommeandations of this meeting, al its fifth
session in Hamburg in September 19823 the WGME
developed a draft plan of action for an AMIP that
was lormally by the Joint Scientific Com-
miftes of the World Climate Ressearch Programme

af its eleventh sassion in Tokyo in March 18930, In
Augus! 1990 the implementation of AMIP was
made a priority aciivity of the then newly-estab-
lished PCMDI at LLNL, with the support of the
Almospheric and Climate Research (now Environ-
mental Sclences) Division of the U.S. Depardment
al Energy. A WGNE AMIP Panel consisting of
Lennar Benglsson, George Boer and Larry Gates
{Chairman) was formed by WGNE &t its sixth
sassion in Melboumne in September 1920 in order
io provide overall guidance 1o the project.

AMIP Inaugural Meeting

The inaugural meeling of the AMIP was
held 4-5 April 1231 al the Claremant Holel in Barke-
ley, California; about 45 persons atfended, repre-
senting 23 atmospheric modeling groups in eight
countries, Inaddition tothe modeling groups’ repre-
sentatives and PCMDUILLML siaff, Lennan
Bengtsson of the Max Planck Institute for Meleoral-
ogy in Hamburng represented the Waorking Group on
Mumerical Expenmentation's AMIP Panal {whose
other mambers are George Boer and Larmy Gales),
and Mike Riches represented the Atmosphenc and
Climate Besearch {now Emvironmental Sciences)
Division of the US Depariment of Enargy (DOE) in
Washinglon, DC. It was prncipally through DOE's
support that such a large (and perhaps a record)
number of atmospherc modelers were ablato gather
in one room. Acknowledgement is also due Mabel
Moore of LLMNL for her efficient management of the
meeting's travel and facility requiremeants.

In brief, AMIP calls for the simulation of the
ten-yearperiod 1875-1988 by all atmosphernc GCMs,
using initial conditions as realistic as possible for 1
January 1979 and the ocbserved sea-surface tem-
perature and sea-ice distributions as boundary con-
ditions. It is anficipated that operational models will
use initial conditions from an initialization for 1
January 1979, and that cimate models will take

initial conditions either from the resuls of an eardier
similation for January or from January climalology.
(These differences, of course, will resull in soma
contamination of the results for January 1579.) Nis
alzoassumed thal appropriate time and space inter-
palation will be pedormed on the monthly-averaged
AMIP 55T and sea-ice dalasel thal is available at
PCMOI (and which has been distribuled in allas
formalt}). Each model is also to use the same values
of the equivalent GO, concentralion (345 ppm) and
solarconstant (1365 W), All participating groups
are asked to calculate the monthly averages of a set
of selected standard oulput  vanables for each
month of the simulation, and to write a six-hourly
history of state variables and accumulated quanti-
ties for archival slorage at PCMDI for possible use
in subsequent analyses and intercomparisons.
Updated versions of the AMIP participation list and
the AMIP standard model outpat are given in this
Mawslatier.

In addition fo providing an unprecedented
opportunity for realistic and detalled validation of the
ahility of cument GCMs to simulate the mean climate
and a wide variety of associaled varabiliies and
statistics on global and regional scales (especially
when reanalysis is avallable), AMIP is expedled 1o
provide a benchmark against which alternate (and
possibly improved) models or model versions may
be evaluated.
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Al this writing there are a tolal of 27 almos-
pheric GCMs participating in AMIP; the current status
of the participants’ integrations is given in the lable
below. (See also the modal properties list given in
this Mewsletter,)

Here we note that seven models’ AMIP runs
arenaw in progress (including four at LLNL}, with five
groups” inlegrations scheduled to begin al NERSC/
LLNL over the next several months. Everything
considered, it is fall that AMIP is off 1o a successiul
start; it now appears that the basic inlegrations may
well be completed by late 1992 or early 1993, after
which atlention will Increasingly focus on their analy-
sis and infercomparison.

The inilial allocations of compuler time on
the NERSC CRAY-2 made by the US DOE last
winter were intended 1o be sufficient lo run the first 5
years of the AMIP integrations (excepl in the cases
of a few groups whose AMIP model's resolution was

Kalal

undecided at that time). Although DOE guidance is
nat yet availabla, it is anlicipated thal a second round
of allocations will be made during the coming winter
that will be sulficient lo completa the second 5 years

for thesa groups and 1o complete the enlire len years
for the several groups that have since joined AMIP

{alihough new requests to DOE may be required).

For a variety of reasons il has nol proven
possible to maintain the LLNL computing queue that
was originally established; instead, each modeling
group planning to use NERSC is asked to inform
PCMDI when they are ready lo star their AMIP
integration, and a computer account {and visit if
desired) will be set up as soon as possible, Al
participants planning to use the CRAY-2 at NERSC/
LLML should prepare their models to run in the
UNICOS operating system, which will be only sys-
temn available after Decamber 1921,

WGNE/PCMDI Atmospheric Madel Intercomparison Project Participation Status

Computing Schedule [ Status

Group Contact(s) Modal @LLNL Elsewhere
BMRAC Medvaney R3i L1g In progress

CCC Boer Ta2L1D “ua

CHNAM Mahfouf/Cariolle T42 L30 in progress
COLA Straus R40 L18 in progress

CSIRO Hunt R21 Lo ===

CSU Randall 4°x5° L17 campleted

DNM Galin/Dymnikov 4=5° L7 o start 1/92

ECMWF FemantiBurridge T42L19 in progress

GFDL Wetherald R30 L9 -
GFDL/DERF Miyakoda T42L18 in progress
GISS La/Del Genia B°xi0° L9 -

GLA Law'Fioring 4°x5° L17 .=

AP Zhang/Zaeng 4°x5° L2 1o starl 11/91

LANL Kao Ri5L20 -

LMD Le Treut 3.6%%5.6° LN -

MGO Meleshko T3oL14 lo stan 10/81

MM DomenilSchlese T42L19 lo start 991

MRl Kitoh'Tokioka 455" L15 -

MSFC Fitzjarrald T42L12 -

NCAR Williamsan TazlL18 in progress

NMC van den DoobKalnay T 40L18 .-
NOARL Rosmaond T42L18 .-
SUNYA Wang/Liang A15L12 i

UCLA Mechoso 4°x5° L17 ---

UGAMP Blackburn/Slingo T4z L19 1o start 12/91

LILL Schiesinger 4%5° LT -

UKMO Rowell 2 5°%3.75° L20 in progress
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The foundation of AMIP is the use of a
comman sea-surface lemperalure and seaice datasal
by all participating modals. The data chosan for this
purpose are the set of 120 monthly-averaged SST
and sea ice distributions during 1979-1988 as specifi-
cally prepared for AMIP by NMC's Climale Analysis
Center in cooperation with COLA st the University of
Maryland on a 2x2° global grid, using all available in-
situ, climatological and satellite observations. For
identification purposes, these data should be referred
loasthe "COLA/CAC AMIP 55T and Sea-lce Datasel®
or as the "AMIP S5T" dataset for shorl. An atias of
these data has been distributed, and documentation
of the data's origins and analysis is available upon
request from PCMDIL

These data are available from PCMDI in tha
form of two data armays for each month of the period
beginning January 1979 through December 1988,
The fiest armay is a lemperature (S5T) amay on a
global 2 degree longitude by 2 degree latitude reso-
lutien. (For convenience, all grid points are assigned
a temperature, including “fictiious” values over land
and ice.) The sacond array is a sea-ice mask which
consisls of zero values lor open ocean and unity for
ice coverad ocean (sea-ice). (Note there is no land
mask in this array.) The tape containing these data
i5 writlen in ASCI| al 8250 bpi with B0 characier
recards, blocked 10 records per block,

These data can be read by the following

FORTHAN slatements if the S5T and icemask ar-
rays are dimensioned (180, 91):

READ (1, 1) MONTH, IYEAR
1 FORMAT (2120}
READ (1, 2) ((SST(1, J), 1=1, 180}, J=1, 81)
2 FOAMAT (16F5.2)
AEAD (1, 3) (ICEMASK (1, J), 1=1, 180), J=1,
91)
3 FORMAT (8001)

Grid boxes are ordered with the first data
element in each amay centered at 0 degrees longi-
tude and -50 degrees latitude, etc., the last data
element in each array s cenfered at 358 degrees
longilude, and 90 degrees latitude.

The suggested procedure for transfering
these data to a given model grid is as follows:

1) Project or average the S5T (first array) to your
madel grid,

2) Transform the sea-lce mask to your model grid.,

3) Identify open ocean S5T on your madel grid by
masking out sea ice (step 2) and then masking
oul land with your model land mask. (Some
S5T interpolated near the edges of the sea-ice
maskmay appeéar too cold due fothe use of data
beneath the ice; it is suggested, however, that

these 55T not be changed.)

Summary of AMIP Model Properties

For convenience of reference, the following
table provides a "quick look” at selected properties of
the atmospheric general circulation models (AGCMs)
of the current 27 AMIP participants. Absent from the
table are features thal all models have in commaon,
namely a global almosphere, primitive-equation dy-
namics, a seasonal cycle, and realistic geography
and orography. By agreement, all AMIP models also
use the same solar constant (1365 W m?) and
equivalent carbon dioxide concentration (345 ppm),
and the same distributions of sea-surface tempera-
ture and sea ice (see above). Al AMIP participants
are requested o cormect or update this information for
usa in a more definitive fulure summary.

In surveying these model properties, we
nole that 17 of the 27 AMIP models employ spectral
representations, and that a typical horizontal resolu-
tion is 300-400 km. Most models include 10 or mare
vartical levels in a modified sigma or hybrid sigma-
pressure coordinate system. All but 6 simulate the

diurnal eycle, and many include multiple soll layers
to poriray vanations of surface temperature and soil
moisture. There is a wide range in methods for
parametenzing radiation, with some of the differ-
ences being refated to the treatment of clouds, In
most of the modets cloud formation is determined by
a humidity-based diagnostic, but in some a prognos-
tic scheme based on liquid water content is used.
There is also considerable variation in the parame-
lerzation of convection, with moist convective ad-
[ustment (MCA) or some type of Kuo or Arakawa-
Schubert (A-S) scheme being the most common
choices. For those models that include explici
horizontal diffusion, increased scale selactivity s
achieved by the use of fourth or sixth-order diffusion
schemes or by the use of wave cul-off Emits in the
application of second- order schemes, Finally, we
note that all but 7 models include the parameterized
effects of gravity-wave drag, for which there are
several methods in use. (A bibliography of the
sources indicated in the table is avaitable on request
from Tom Phillips at PCMDI)
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DM
ECMWF/Cy36
GFDL
GFDU/DERF
GISSModel IT
GLAN ersiond
AP

LANL
LMD/M206
MGO/MGOHI
MPYECHAM
MHAI
MSFCICCMT

NCAR/CCMZX

NMCG/MRF

NOARL/NOGAPS
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Hybnd/ 15
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af12
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Hybrid 19
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Cycle

Yas
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Mo

Yes
Yes

es
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Yos
Mo

Yes
Yas

Yas

Yes
Yes
Yos

Yas

Radiation Scheme
Lacis-Hansan, Fels-Schwarzkop!
Fouquart-Bonnel, Morcretie et al.
Geleyn-Hollingsworth
Harshvardhan et al
Faols-Schwarzkopt
Harshwardhan et al.

Manabe-Strickier, Lacis-Hansen, Fesgelson

Morcredie

Lacis-Hansen, Aodgers-Walshaw
Fals-Schwarzkopd

Lacis-Hansen

Lacis-Hansen, Harshvardhan-Corseill

Ramanathan el al.
Ramanathan et al.
Fouquart-Bonnel, Morcrete
Karol et al.

Hensea o al., Rockel at al.
Lacis-Hansen, Shibata-Acki
Kiehl et al.

Briegleb, Kiehl et al., Slingo
Lacis-Hansen, Fals-Schwarzkopt
Davies, Harshvardhan et al.
Kiehl et al.,, Wang et al.
Katayama, Harshvardhan et al.
Morcretie

Oh-Schiesinger

Slingo, Slingo-Wilderspin



Group

rognostic
(repeated) Cloud Scheme — Clowd Water

BMAC
CCC
CNRM
COLA
CSIRD
csu
DM
ECMWF
GFDL
GFDOL
GISS
GLA
AP
LANL
LMD
MGO
MPI
MAI
MSFC
NCAR
NMC
HOARL
SUNYA
ucLA
UGAMP
UILL
UKMO

Slingo, Rikus
McFarlana of al.

Gealeyn et al., Tiedke

Slingo, Hou
Gordon-Hunt
Handall &t al

Smagorinsky
Slingo

Wetherald-Manaba

Grdon
Hansen et al,
Slingo
Zeng et al,

Hamanathan et al

Le Trewt-Li
Slingo
Sunidhkgvist
Tokioka el al.
Kiehl et al.
Slingo
Slingo
Slimgao
Kiehl &t al.
Suarer at al.
Slingo

Ch - Schiesinger
Smith el al.

AMIP Modal Properties - continued

EEEEFTE

Mo
Yes
Mo
Yes
Mo
Mo
Mo

3 £ EEEE

Yes

Comection

Scheme”
FKuo
MCA
Bolgeauht
Kuo
A,
A-5

ko

Tiedtke

MCA, A-S
MCA, Kuo
Kua
Tiedtke
A-5
MCA
Hack

Euo

A-5
MCA
A-5
Kuo

A-S
Gregory

Haorizontal
Diffusion
2nd-order
2nd-order
Elh-ordear
Ath-order
2nd-order
2nd-order
2nd-order
dih-order
Ath-arder
Aih-arder

dih-order
2nd-order
2nd-arder
2nid-order
4th-order
Ath-order
2nd-order
dith-order
4th-order
2rd-order
Gth-order
No
4th-order

* A-S = Arakawa-Schubert, MCA = Moist Convective Adjustment
t An entry of zero (0) indicates there is no provision for soil heat/moisiure slorage; an entry of P indicates soil
misture is prescribed.

Gravity-Wave
Dmag

Palmer el al
kcFarlana
Clary
Alper el al

Choumnard at al:

[}

Mo
Miller et al.
Hayashi
Plerrehumben
Hansen et al,
Mo

Mo

Mo
Boer et al
MecFarlana
Palmer &t al.
Palmer et al,
McFarlane
McFarlane
Alpert et al.
Falmer ef al.
Mo
Palmer el al.
Palmer et al.
Mo
Palmer el al.
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AMIF Standard Qutput (Revised)

An important aspect of AMIP is the agree-
ment by participating groups Lo prepare a common of
standard st of output variables, in order 1o facilitate
syslematic model validation and intercomparison.
Az given in the table below, this standard model
output consists of the global distribution of a set of
surface and two-dimensional variables (Sel 1), the
global distribution of a sel of almospheric varables at
selected pressure levels (Sels 2 and 2a), and the
distribution of the zonal averages of a zel of variables
inthe merkhonal-vertical plane (Set 3). The revisions
of this st relative 1o that distributed at the April 1921
AMIP meeting are inculsion of the surface air tem-
perature in Set 1, the inclusion of the streamfunction
and velocity potential in Set 2, the inclusion of the
geopotential height at 500 hPa (Set 2a), and the
inclusion of the mean meridional streamfunction in
Sel 3.

The tmeaverages of all guanlilies are 1o be
calkeulated for each calendar month of the ten-year
perod 1979-1988, It should be noted that for some
variables (marked by a dagger T the manthly mean
of the daily variance (sampled every six hours for
diumal models and once daily otherwise) i also to be
calculated, while other variables (marked by an as-
terisk *) are to ba represented by their tolal monthily
accumulalions, These latter quanitiies will permit the
accurate determination of the monthly budgets of
momentum, heal and fresh waler flux at tha surface,
as well as the net radiative budget at the top of the
atmosphere, (In this connection we may also nole
that the method 11 cloud radiative forcing is defined
asthedifference befwean thetop-of-the-aimosphere
net rediative fiux with clouds present and that without
clouds; this forcing can thus be accuralely deter-
mined from the monthly accumulated radiation uxes,
bt requires rnning a model's radiation code twice at
each physics time slep.)

These standard output data should be sub-
mitted to PCMDI in computer-compalible labeled
files for storage and for the preparation of graphics in
accordance with WGME formals. The WGNE stan-
dard for global maps (as in Sels 1 and 2 above) isa
formal (F1) with [atitude displayed on a finear ordi-
natea from 905 to 20N and with longitude displayed on
a linear abscissa from 180 W to 180 E (iLe., with the
Greanwich Meridian in the middle), with an overall
aspect ratio of 21 (longitude/latitude). The WGNE
standard for meridional cross-sections (as in Set 3
above) is aformat (F2) with pressure displayed ona
linear ordinate from 1000 hPa to 10 hPa and with
latitude displayed on a linear abscissa from 90N (on

the lefi) to 905 (on the right), with an overall

ratio of 2:1 (latitude/pressure). Since the linear
pressure ordinate doas nol adequately resolve the
stratosphers in many models, a useful supplemantal
WGNE format for meridional cross-sections is one
whose ordinale is inear in In p. If this formal is used
in addition to the WGNE standard, the ordinate
should extend over the pressure range 1000 hPa lo
10 hPa and the display should have an aspect ralio
of 2:1 [ latitude/pressure) with 20 N on the lefil
Suggestions for olher formals supplemental to the
WGNE standards are welcomae.

In addition 1o the production of the standard
output described above, each AMIP paricipating
group is expected o prepare & six-hourly history of
slate (i.e., the distributions of the variables needed
for restart, such as velocity, geopotential, tempera-
ture, humidity, surface prassure, soll moisture and
snow mass), along withthe six-hourly accumulations
of the appropriate variables for archival storage at
PCMDI. Inordar o be compatible with the standard
oudput, these history varables should be inthe same
units as indicaled above.

AMIP Contacis

Queslions, suggestions and comments on AMIP
are welcome, and may be directed 1o the following
PCMDI staff:

Ganaral == Larry Gates
information tel: (510) 422-7642
fax: (510) 422-7675
Computer tima == Jarmy Potter
aliocation and ek (510) 422-1832
scheduling fax: (510) 422-7675
Programmindg, -~ Bob Moblay
storage and tel: (510) 422-7649
software fac: (510) 422-7675
Validation data -- Btan Grotch
tel: (510) 423-6741
fax: (510) 422-7675
Mol == Tom Phillips
documentation tel: (510) 422-0072

fac: (510) 422-7675

[Flaase nole the change of area codae from 415 1o
510 affactive 2 Seplembar 1991 ]



AMIP Standard Quiput (Revised)

{Maonthly means for each month of 1979-1988)

Contour intenval
Yariable Units (reference contoyr)
Sel 1.
T sea-lovel pressure hPa 5 {1000)
T {groundjtemperature oC 5 (0)
1 surface air temperature "C 5 (0)
total cloudiness fractions 0.1 {0.1)
total precipitable water fram 5(5)
5ol moisiure Cm 25,5 10,20, ...
SNOW XSS kg m* 20 (20)
" precipitation imim clany 25,510 20, ..
* evaporation mim dany* 25,5 10,20, .
* wind stress componenls Mm* 0.5 (0)
* sensible heat flux Wm* 10 (0)
* net surlace short-wave llux Wm* 50 (0)
* net surface 1R flux Wm= 50 ()
* lop-of-aimosphere net
shor-wave flux Wm= 50 (0)
*OLR Wm? 50 (0)
cloud radiative forcing
{mathod 1) Wm 50 (0)
Set 2.
' lermparature W 50}, 2 (-50)
t geopolential haight m 20 (1500}, 160 {12000)
' specific humidity g kg! 1(1), 0.1 (0.1)
t ronal wind ms" 5 (0}, 10 {0}
! meridional wind ms 2 (0), 2 (o)
* streamfunction 10°més" 10 (0]
t velocity potential 108mPs™ 1(0)
Sel 28,
! geapotential height m 80 (5500)
Set 3.
lemperalure "= 5 {0}
spocific hurmidity g kg’ 1(1)
relative hurmnidity /o 10 (10)
cloudiness fractions 0.1 {0.1)
zonel wind ms! 5 (0
mendicnal wind ms! 2 (0) =
meridional streamiunciion 10°kg s 20 (0)

* Accumulated

! Including monthly mean of variance of daily average

! Al the standard pressure levels 1000, 850, 700, 500, 400, 300, 250, 200, 150, 100, 70,
50, 30, 20, 10 hiPa



Assembly of AMIP Validation Data

The availability of appropriate cbsarvational
data with which to validate the performance of al-
mospheric models s an important aspect of AMIP.
To this end, PCMDI is undertaking the assembly of
monthly-averaged datasels for the AMIP period for
as many modeled variables as possible, A primary
source for the conventional aemlogical variables
(temperatura, geopolential, wind and humidity) are
the operational analyses of ECMWF and NMC, a
source thal will be considerably enhanced when the
results of reanalysis are available, Rt is planned to
place these data in a8 common computer-accessible
storage format at PCMDI, and to develop (and make
available) software for interpolation to (other) model

In cooperation with AMIP participants, i is
anticipated that the PCMDI will prepare computar-
accessible files of the monthly-averaged variables
and related quaniities in standard formal as re-
quested by WGNE. Using the validation data basa
described above, the PCMD| will assess the models’
systematic ermors insofar as possible, again in coop-
eration with the padicipating groups. It is also
envisaged that PCMDI will take the initiative in the
preparation of suitable mulliply-authored summany
reporis for WGNE and of condensed versions for
possible journal publication. Although a wealth of
important information on the models’ individual and
collective performance will be provided by the "ba-
sic” or standard AMIP stalistics, deeper insight inlo
the physical mechanisms involved in (and respon-
sible for) a8 model's performance requires a mare
focussed diagnosis of the results.

While it is difficult to anticipate all such
“sdvanced” diagnoses that may eventually be under-
taken, a number of candidates suggest themselves.

Forexample: spectral analysis of the globel budgets
of heat, momentum and moisture, including the

A

grids and for graphical display.

Other monthly-averaged data for varables
such as precipitation, show cover, radiation and
cloudiness are also being assembled for as much of
the AMIP period as possible. These AMIP validation
data are part of a more geneml model-ofenled
electronic climate data basa thal is being assembled
by PCMDI,

All paricipants are inviled 1o identify obser-
vational dala sels thal they feel would be useful in
AMIP model validation, and 1o direct PCMDI's atten-
tion o sources from which such data may be ob-
lainad.
is and Inter i

associated energetics and diabatic haating: anaky-
sis of surface fluxes and land suface processes;
diagnosis of cloud-radiative interactions; analysis
of regional seasonal transitions, including  maon-
soons; analysis of stratospheric processes, includ-
ing sudden warmings; diagnosis of low-frequency
irapleal varability, including ENS0; analysis of re-
gional processes and phenomena, including those
in high latitudes; analysis of the frequency distribu-
tionof selected processes, including extreme events.

Building upon the preliminary expressions
of interes! in such diagnoses made at the inawgural
mesating in Aprl 1931, all AMIF pariicipants are
invited 1o describe the diagrostic studias that they
plan to cary oul with their model's AMIP resulis.
Ideally, each group will propose to take the lead in
a specific "advanced” diagnosis and intercompari-
son in cooperation with (all) olher AMIP partici-
pants, and drafls of such proposals are especially
walcome. Tha PCMDI is prepared to suppor thesa
activities through the provision of programming and
computational assistance in data acquisition, pro-
cessing, display and distribution.

in

It is planned to hold the second AMIP meeting on 20 and 21 February 1992 at the Claremont Hotel
in Berkelay, in conjunction with a meeting of the DOE/Cess climale model feedback analysis effort - now
called FANGIO - that will meet on 17 and 18 February 1892 af the same place. (The intervening day 19
February will be set aside for informal discussions.) As before, PCMDI/DOE will suppont the attendance of
a representative from each modeling group participating in AMIP,



