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Hydrologic Cycle JPL
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Only 0.001% of water on Earth resides in the
atmosphere, but this small amount has a

profound impact on Earth’s weather and
climate




Global Energy Flows W m™

102\ Reflected Solar 341 Incoming
Radiation Solar
101.9Wm? Radiation

341.3Wm?

Reflected by
Clouds and
Atmosphere
79 4

Atmosphere

1
Thermals Evapo-
transpiration

Absorbed by
Surface

Net absorbed

Emitted by 169

Surface
Radiation  Absorbed by

239 Outgoing
f Longwave

Radiation
2385Wm?

Atmospheric
f 40 Window

Back
Radiation

333

Surface

Trenberth et al., 2009

Water vapor is the most potent green house
gas, contributing 60% of the net long wave

radiative forcing of the atmosphere

The release of latent heat from clouds and
precipitation is largely responsible for the zonal

redistribution of heat in the atmosphere

Energy Balance in the Atmosphere
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Water Vapor Climate Feedback JPL

« Water vapor has a positive
climate feedback as described
by the Clausius-Clapeyron
relation

— Predicts a 7%/K change in
precipitable water vapor

assuming constant relative
humidity

e (mb)
q* (g/kg)

» Constant relative humidity is
generally a robust feature of
climate predictions

T(°C)

e, =6.11eexp L( L —i)
R, \273 T



Climate models show that water vapor is
the strongest climate feedback
mechanism

— Consistent with constant relative humidity
assumption

Significant disagreement in the
magnitude of the water vapor feed back
exists between models

Clouds also have a significant climate
feedback and show the largest
differences in the estimated magnitude
between models

Climate observations of water vapor and
clouds critical for validating models
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Radiometers on Altimeter Missions JPL
P

TMR:1992 - 2005
.

The primary job of the microwave radiometers on-board Topex/Jason-1 and
Jason-2 is to provide range correction for the altimeter due to tropospheric
water vapor

The radiometers also provide retrievals of precipitable water vapor and
integrated cloud liquid water, which are important observations

The significant effort in ensuring the long term stability of the radiometer
calibration for GMSL studies enables the use of these observations for

climate studies

- Complementary to existing records — different error sources

- Complete sampling of diurnal cycle

Morphed compaosite: 2011-10-08 21:00:00 UTC

Latitude

Longitude

Courtesy of CMISS Univ of Wisc.




Observed PWYV Trends from TMR JPL
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Observed CLW Trends from TMR

APLU

a TMR Cycle—Averaged CLW, monthly averages removed,60S—60N
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19-Year Inter-calibrated PWV Record

APLU
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Monthly PWV Anomalies JPL
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Regional Trends and SST JPL

GISS S|3T trends

GISS SST Trend (°C change 1992-2005)

TMR PWYV trends

TMR Integrated Water Trend [%/decade]
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e Regional Changes

APLU

GISS temperature trends show consistency with
PWV trends

— Larger trend from 1992-2002 and little trend from
2002-2010 .

— Larger trends in NH than SH over 1992-2002 period
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Observations and Models JPL
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Previous studies have shown

significant differences PWV(T'Ianebggzt ;Ll?gi')lggz
between models and
observations of PWV on
annual and decadal time NVAP -0.1 mm/decade

scales

ERA-40 0.7 mm/decade




@ Observations and Models JPL

Differences between models and observations even more
apparent in regional trends
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Inter-sensor Trends JPL

S Avtvmgpd SUSGANAE RV 030,006 SN e * Inter-sensor comparisons

Pwv |93 . .

o] | %3 Nefeebg5-9000 o o0 provide estimate of
23 3
0

observational uncertainty in
trends from the satellite pair

CLW | o =80 _ TR 1Y Bogionsl Trond =""",!.'.dII 'H.!:.M"-"
[mm] -o.nug —5— iy ' W -
-0.01 _ — |nl
00%e2  198s 1986 1998 2000 2002 2004 2006 == *
vz !

Global Averaged TMR-S5MI WS 1392-2005 AM/PM [mis] I__; P i =

WS 0.4 [ |
0.2
mis] |0 e tg—e—o—po THR GLW Regional Trond SSMI-TMR CLW Regional Trend
0.4

1992 1994 1996 1988 2000 2002 2004 2006

SSM/I products from RSS

Means to qscertgm the magnltude_of m“mm“mm AP
sensor artifacts in the observed climate TR Sann g e

signals from both data records

Validate inter-calibration of multi-sensor
records




ComparisonofIWV | TMR | SSM/I| Difference
pmomates *> Ty o] T, b,

1994 F"!;J n‘"‘?’-‘l F’T i

1995 R'!i mi F’T:
1996 F"!& FT"JF”TJ

1997 ﬂ:;gi H‘W;J ™
1998 A P
1999 ﬁ:g;i ﬁ,?ip] #T:
2000 GNP W
2001 UL T F"”
2002 PN PV F’Ti
2003 PW | P FTJ
2004 PO T W'va
2005 TS F’"‘" F’Ta

_L _;_ [Ufu]

|I'I'Iﬂl.|-il-| lrom (he 1902-2005 mean Ter TME (laitl 558/ (canter] and the THE-S5SM
difteremce (lefll The miar-sateline difberences are small compared bs (he shierved anomalies.
providing reslistic constraints lar medel validalion,

ASSeSSINg uncertainty In
observations for model
validation

APLU




Diurnal Cycle

Understanding diurnal cycle,
particularly for clouds, is
important for assessing
climate feedback
mechanisms
— Diurnal cycle aliased in sun-
synchronous Sensors

— As record grows, can study
changes in diurnal cycle
over time
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Distribution JPL

» Working with PO.DAAC to offer data through new web portal
— Access raw data records or higher level data
— Includes ability to subset in time and space
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Outreach
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Summary JPL

» Careful radiometer calibration yields almost 20-year climate data record of
precipitable water vapor and cloud liquid water
— Complementary to climate data records produced from other sensors
— Complete sampling of diurnal cycle
— Continuous record from well inter-calibrated instruments (i.e. tandem mission)
— Record should extend at least into the next decade

— Keihm et al., 2009, JGR; Brown et al., 2009, TGRS

Potential for Jason-CS to include
enhanced radiometer suited for
climate observations which will
improve record
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