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causereductionsin precipitationthrough their effects on
cloud water.

4. Comparison of Precipitation Simulation to
Temperature Simulation

[13] What are key featuresof the climate systemthat
mustbemodelledif observedresponsesto forcingare to be

captured? In the case of temperature, a simple model
simulating bulk climate sensitivity and the rate of ocean
uptakecan reproducethe observed global response[e.g.,
Sokolovand Stone, 1998]. For precipitation, it has been
suggested that a linear model of perturbations to the
troposphericenergy budgetdependentonly on temperature
and forcings may be able to predict changes[Allen and
Ingram, 2002]. This model can explain why precipitation
appearsto respondstrongly to volcanicforcing,but not to
anthropogenicGHGs[seealsoMitchell et al., 1987;Yanget
al., 2003].However, it fails to accountfor largedifferences
in land andglobalprecipitationin somemodels(seeGCM
correlations in Table 1), despite very high correlations
between land and global temperature (# 0.99 for all
9 models) and quite similar changes in forcing [e.g.,
Ramaswamyet al., 2001].This wasconfirmedby Lambert
et al. [2004], who found the energy budget model
successfulglobally, but lessapplicablewhenthe datawere
restrictedto landin aGCM simulatingonly ashallow ocean
with no dynamics. From our precipitationcorrelationsit
appears that different constraints may be important in
different models.

[14] Here we comparethe accuracyof global precipita-
tion andtemperaturesimulation in theninecoupledmodels.
Temperature changes are important to both the energy
budgetargumentandsoil moisture levels,which werecited
as a possiblealternative constrainton land precipitation
changesby Kosteret al. [2004]. Figure 2 showsthe root
meansquareddifferencebetweenmodelledand observed
global mean temperatureand precipitationfor individual
ensemble members. (The observed temperature data are
taken from CRUTEMP2(v) [Jonesand Moberg, 2003].)
The bottom right cornerof the figure is devoid of points,
indicatingthat a poor simulationof temperatureguarantees
a poor simulationof precipitation. A good simulation of
temperature,however, doesnotguaranteeagoodsimulation
of precipitation. Examiningindividual models,we seethat
temperatureand precipitationaccuracyin CCSM3may be
linearly related,GISS-ERshowslargevariationsin precip-
itation accuracyunrelatedto temperatureand MRI shows
large variations in temperatureaccuracyunrelatedto pre-
cipitation. It is more difficult to draw conclusionsfor the
models with fewer ensemble members, but we note
that HadCM3 and GISS-EHconsistentlyprovide accurate
simulationsand PCM shows little variation in accuracy,
consistentwith the small natural precipitation variability
shown by the model. The differencesbetweenindividual
ensemble members are comparable to the differences
betweenmodels.As in Section3, we concludethat the
models driven with all eight forcings do not provide
significantly better simulations. Differences in model
formulationappearto be moreimportant.

5. Conclusion

[15] We detect the influence of applied forcings on
global-land mean precipitation in five of nine coupled
GCMs for 1944–98. While the forcings we considerare
suff icient to explain the bulk of observed precipitation
changesduring this periodusing five models,we seethat
model formulation is important for successfuldetection.
This is confirmed where we incorporate model l ing

Figure 1. 5-year running averagedglobal land mean
precipitation anomalieswith respectto 1961–90 in the
better-observed,latter part of the record (1940–98). In
Figures 1a and 1b, the solid black line represents
observations. (a) Model ensemblemean values prepared
identically to observationsand forced with IS: CCSM3
(dark blue), GISS-EH (pale blue), GISS-ER (green),
HadCM3(yellow) MIROC (red) andPCM (black dashes).
(b) Not forcedwith IS: GFDL0 (dark blue), GFDL1 (pale
blue) and MRI (green).The meanvalue acrossall nine
modelensembles(andgiving equalweight to eachmodel)
is plotted as a dashedblack line. (c) Unsmoothedglobal
mean annual forcing time seriesapplied to the models.
Greenhousegas forcing is plotted in red. Total anthropo-
genicsulphate,volcanicandsolarforcing is plottedin dark
blue.
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