Comment on “How much more rain will global
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Wentz et al. (Reports, 13 July 2007, p. 233) present a satellite estimate of
global-mean rainfall that increases with global warming faster than predicted
by climate models. An independent estimate of global-mean evaporation pro-
vides additional support, but critical assumptionson relative humidity and the
air-sea temperature difference changes are made that do not have adequate

observational basisand areinconsistent with climate models.

Wentzet al. (1) claim that the strength of the global hydrological cyclénisreasing faster
than the rate predicted by climate models as the Earth walkfhereas water vapor in the atmo-
sphere is projected to increase rapidly with increasingtatures following the temperature
dependence in the Clausius-Clapeyron (C-C) relation, titemgth of the hydrological cycle,
the global mean precipitation and evaporation, is progetwencrease more slowly. This dif-
ference has consequences for the atmospheric circul@)oii3j. Wentzet al. (1) interpret

satellite measurements as indicating that the global hggical cycle is, in fact, increasing at

1



close to the C-C rate. We focus here on the estimation of gfaban evaporation inlj .
Using the standard bulk formulation, evaporation from theam surfacéZ may be calcu-
lated as

E = C*UqS(TS) [1 - TQS<TS - 5T>/qs<Ts>] ) (1)

whereT; is the surface temperature, is the saturation mixing ratioy7" is the temperature
difference between the surface and the near-surfaceiaihe near-surface atmospheric relative
humidity, U is the effective surface wind speed afitlis an effective transfer coefficient, which
will be assumed constant for the sake of this discussion.

Wentzet al. (1) make an estimate of the temporal evolutiontbtinder the approximation
that the term in the square brackets in Eq. 1 does not changjeisicase, small change&)in

evaporation are given by
AE AU 1 0q,
- = + N
E U qs OT .

The second term on the rhs is determined by the C-C relatibithas globally associated with

AT, (2)

an increase of 5.7% per degree K of surface warming and i gseerates a 1.1% increase per
decade over the 1987-2006 peridd. (Average wind speeds also increase over this period,
enhancing the estimated increasé-imo 1.3% per decade or 6.8% per degree of global surface
warming ().

Wentzet al. (1) hypothesize that the explanation for the slower rate ofeiase in global
evaporation predicted by climate models for the futureyah2% per degree of global near-
surface warming;J)) lies in a deficiency in the estimation of surface wind spesaich they
assume to bdecreasing significantly in the climate models, instead of increasisthe satellite
data indicates. However, this is not the case of the GFDL AM2ehforced with observed sea
surface temperature (SST) for a similar period, as the neddairface wind speed has a positive
trend, although weaker than the SSM/I data usedlhyilg part due to the underestimation of
the peak in 1998-1999 (Figure 1). Furthermore, examinaifdthe WCRP CMIP3 archive of
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global model projections for the futurd)(shows that the sign of the projected trend in global
mean surface wind speed is not a robust result among climadels) so wind speed decreases
cannot consistently play the role of weakening the evapmrabcrease in climate models, as
argued by {) . The strength of vertical circulations does decrease sibpin these models,
consistent with the trend in the strength of the hydrologigale being weaker than the trend in
water vapor%). The relationship between this weakening and the surfacd speed changes
is complex and requires further investigation, but theremisimple one-to-one relation between
the two.

The difference between the changes in evaporation estinbgtél) and the model predic-
tions lie in the term in the square brackets in Eq. 1. Assuntyipigal values of relative humidity,

r, and air-sea temperature differené@, either an increase inof 0.01 or a reduction ia7" of

0.2 Kwould lead to a reduction iff of around 5%. The observational trends in these quantities
are uncertain, as indicated bi)( but this high sensitivity suggests that we cannot assinaie t
they are negligible. In fact, an estimate of global evaporabased on the monthly data from
the GFDL model run with observed SSTs followin,(shows that assuming climatological
values forr andé7T enhances the trend il by 45% and 25%, respectively.

Thus, the assumption thatandd7" are constant, which results in evaporation changes fol-
lowing closely the C-C relation, cannot be maaleriori and should be considered as a hy-
pothesis about nature that requires observational vadiatVe do not address the estimated
global mean precipitation trend i) but emphasize that enhanced confidence in this trend
due to apparent consistency with independent estimatég @fiobal mean evaporation trend is
not warranted. Furthermore, we note that the confidencevaidtgiven by () for their trends
is large and overlaps with the range in the trends from the IGpi2scribed-SST ensemble
run, suggesting that the length of the SSM/I record mighbleeshort for the validation of the

long-term behaviour of climate models.
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Figure 1: Global oceanic surface wind speed anomaly (%) weisipect to the period August
1987-July 2004 from SSM/I data (Wentz et al., 2007; red;drerl.2%/decade) and from the
four-member ensemble mean of the GFDL AM2 atmospheric madehlwith observed SST
(black; trend=0.6%/decade; individual members in greyje Tinear fits for August 1987-July
2004 are also included. 12-month running mean was applidtetdata.



