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Precipitation' withinfthe Earth system:
A forward Iookmg integrated perspective *
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TRMM Rainfall Anomalies
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’Hé’éﬂﬂ‘menting Precipitation & quantifying processes that@f‘“'

=~ defineit:a majorEarth system_challenge

Same monthly accumulation (75mm)

Accumulation (total water that falls over some period of time

AN

™~ mean precipitatic Develop and evaluate an integrated Earth system analysis
The frequency (ho' ith sufficient observational input to accurately quantify
The duration (how the components of the water and energy cycles & their
The intensity (the interactions, and close the water balance from headwater

. : . ~  Jency 6.7%
CloudSat...) catchments to continental scale river basins ... Ml objective sity 37.5 mm

The sequence (pre 4 the ESAS2017 Hydrology Panel

6 21 26

moisture) (inferrea irom necycie, perndaps 1rom Qeo) 40
The phase: snow or rain (CloudSat) 20
0

The intensity, sequence and phase all affect how much 1 6 11 16 21 26
runs off versus how much soaks into the soils. The Frequency 67%
hydrological consequences are profound Intensity 3.75 mm

3/5/21



f‘wﬁ' Global salinity: a measure of how precipitation patterns & M

change over our oceans

iy e

180°

Salinity climatology Patterns of change

It implies wet regions (fresher ocean water) , become wetter
and dry (more saline) regions drier OVER oceans

3/5/21 Adapted from Durack and Wiffels, 2012
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Are the changing
tropical rains
super Clausius-
Clapyeron?



'® Response:
. slope = 28 %K
0 0.5 1 The global UTH

SSanomalies (U response to Nino3
warming

Cold & dry

> i~ : | GPCP precipitation response (relative)
- ! Surface wind response (MERRA)
Mean location of ITCZ

Stephens et al., 2018



a) Latent heating gradients

Cloudier and wetter Clearer and drier
15km >
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. Upper Ocean
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b) Radiation Gradients
Cloudier and wetter Clearer and drier
e
15.2 Wm-2K-! ‘ | CD -7.6 Wm-2K1
P - —
LW+SW -14.6 WmZK! Upper Ocean LW+SW +6.6 Wm2K?
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- Heating Rate + - Heating Rate +

Differential heating

‘Measures of the feedback®“*
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Hydrological changes

Cleqr and drier
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High Cloud amount
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Cloud LWP
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Convection: an Earth system challenge

'‘Uncertainties surrounding convection and its
transports limit our confidence in predictions and

thus theiering on all
timescales from hours to decades arrcron@iii§pace
scales from the Ioe&mlo oF: | W

Professor Dame Ji
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q & Observations: initiatives of the coming decade:
Earth Obs (EO) Perspective | | e

- : ADVANCING EARTH OBSERVATION
* Exploiting the new operational . BaciBe L

observing system - ISCCP next
generation major international
initiative (GEWEX) - proposing
2km,10minute global spectral
record

e US Decadal Survey directions
(NASA plans with international
partnerships) —aerosol, cloud
convection and precipitation (A-
cCP) i : Wi A
Our observational challenge is large — we need observe water in all phasés and on a vast

range of scales and accumulate these on the scale of the whole Earth.




The coming decade (2017-2027)

Thriving on Our Changing Planet [ s e

A Decadal Strategy for Earth Observation from Space Make-up and

distribution of
aerosols and

clouds Severe weather, Impacts of changing
e , convective storms cloud cover and
p——— e S —— e S precipitation

Growth or
shrinkage of

laciers and ice )
£ Trends in water

stored on land

SCIENCES
ENGINEERING
MEDICINE

First designated observables under study haracterncrations ;:;:g;:i :

* SBG (surface biology and geology) =

* A +CCP (aerosol+clouds, convection & | cvolving choractenistics and
precipitation - rebuilding the A-Train) e e surface; PEUMUMRBEEEN health of terrestrial vegetation

1\ The National
Academies of

#EarthDecadal

and aquatic ecosystems
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By Convective Storm
Y Systems (3)
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Develop and evaluate an integrated Earth system analysis with |~
sufficient observational input to accurately quantify the .
components of the water and energy cycles & their
interactions, and close the water balance from headwater

catchments to continental scale river basins ... Ml objective of -~
the ESAS Hydrology Panel ez,

g e
1atic
- —_— A-CCP seek to advance aerosol-moist physics process

understanding

g e e

~ Mission Study on Aerosol an



