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Introduction

Water vapor is a dominant greenhouse gas and its variability is important
for global hydrological cycle and climate change predictions

On large-scale averages, column-integrated water vapor approximately
follows temperature changes via Clausius-Clapeyron equation assuming
constant relative humidity

Water vapor is strongly coupled with convective processes: a two-way
interaction exists between water vapor and precipitation/clouds. A simple
relation exists between water vapor path and precipitation

Questions we are interested in:

How good is the “constant relative humidity” assumption on global and
regional spatial scales? In other words, how well does specific humidity track
temperature change?

How do the water vapor, precipitation, clouds and temperature relations vary
with height?

How well do climate model simulations reproduce the water vapor
variabilities?

We will use AIRS and MLS water vapor measurements, combined with
other satellite data to address these questions.
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Relationship of Water Vapor Path and Precipitation iﬁ:}

Precipitation binned on WVP

Column-integrated water vapor path (WVP) and CMAP
precipitation obeys a similar relationship across the basins,
as in earlier studies (Bretherton et al. 2004, Peters and
Neelin 2006). Monthly data are used here.
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Vertical Structure of H,O and Convection

Scatter plots and regressions of
H,O and IWC

gv binned on P (log scale)
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The increases of water vapor with convection (IWC, P) occurs at all vertical levels (except 100 hPa).




Fractional H20 Chonge (%) 30S-30N, 01/1983-12/1998
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Vertical Structure of ENSO Anomalies

Fractional Water Vapor Change (%) DJF 06 Temperature Anomaly (K) DJF 06
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Spatial Correlations
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= Water vapor and SST are positively
correlated throughout the troposphere,
with larger correlation in the lower
troposphere and during ENSO years.

= \Water vapor and precipitation are
positively correlated, except near
surface. The largest correlation is in
the middle and upper troposphere.

= Water vapor and temperature
correlation is weak and has little
inter-annual variability.
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‘Compare Model Simulations to Observations®
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* AIRS is drier above boundary layer than
ECWMF analysis and model simulations

» Water vapor increases with increasing
upwelling, except at very large upwelling;
CAM has maximum water vapor around
-50 hPa/day
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Summary

- The basin-scale water vapor path and precipitation relations
show some differences in different basins.

e The interannual variation of water vapor has an amplified
response to ENSO in the UT.

e Tropospheric water vapor has a stronger correlation with
precipitation than with tropospheric temperature, especially
In the UT.

 Model simulations of water vapor profile are better than
cloud water/ice profiles. But discrepancies still exist. AIRS
shows a drier middle troposphere than ECMWF and climate
models.
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