= B BARB N -5 BT 5T
Observation and Modeling Studies of
Cloud, Aerosol and Climate Effects

Z= 5 15 ZAanging Li

EERIPEXFEIKTL
S5ibIk R G B F R
University of Maryland




Water and Energy Cycles Driven

~ O
Absoroed by
the suriace

by Clouds and Aerosols

Thesruats

ol

WATE R STORAGH IN
1KF AND SHOW

w," ‘ SURIACE
," NUNOY
"“A
o

oy

M "-"1 qan
n’"u,

™y -
WATER cance
GROUND WATIN FLOW

Evapis “

k . P( Surlaco

rannpalion M
# l: dialion 100 Wit

PN FITERE -

HE = A 7K

CLOUDS &
WATER VAROR

RADIATIVE

TRANSPONT
EXCHANGE A:" -

PRECIFIATION

INDENSATION
LATENT HEATING
OF ATMOSMUNE)

EVAPORATION




Most Uncertainties Originated
From Treatments of Clouds
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FIG. 13. The response of a single climate model to an imposed
doubling of CO, as different feedbacks are systen ly added
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in predicted surface temperature due to CO, doubling

Stephens, 2005

ﬁ]"‘*ﬁi; Z:r";]/;‘ﬁ’ﬂf‘ E




Aerosol: Earth’s Most Uncertain

Forcing Agent
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Road Map of Our Approach

Cloud, atmosphere,
Cloud ReSOlVing PBL observations

Aerosol Physics/Chemistry Models Cloud Properties
\!l
C\T/:N @ Atmospheric Profiles
Vertical profile S|ng|e CO|Umn
+ PBL and Fluxes
Models
CCN at cloud base @
ARM Long-term GCMs

Ground Global Satellite
Observations <> Product
Climate Prediction

©

Aerosol-Cloud Interaction
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East Asian Study
of Tropospheric Aerosols:

An International Regional Experiment (EAST-AIRE)
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Yoo, H., and Z. Li, 20123'. F:

, Clim. Dyn.,

Yoo, H;and 12b: Di d improvement of low level warm
cloud simulation i , ate Dynmics, under revision.

e


http://meto.umd.edu/~zli/PDF_papers/yoo_li_CLIM_DYN_2012.pdf
http://meto.umd.edu/~zli/PDF_papers/yoo_li_CLIM_DYN_2012.pdf

© Comparison of cloud products
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Impact of cloud macro- & micro-physics on
Total column atmospheric absorption

SURFACE AND TOA CLOUD FORCING RATIO
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@Satellite-retrieval algorithm
® Chang-Li algorithm (JAS & JCL, 2005)

If CO;-slicing Pc < 500 hPa, begin with the estimations of
T.s (from gg) and 75 (from VIS reflectance)

Tys > Ths? Low-cloud Pc/Tc?

Dual-layer retrieval process:

Estimate 7;. using
2-layer cloud VIS model

Tir = — 1 In(1—&yc) Tr = Ti/&
The = S TR &o= 1—exp(-zr /W)

Estimate &, by substituting
Eq.(5) into Eq.(1)

\ 4 v
High3: thick Highl: single-layer High2: overlapped High3: thick




Cirrus-Overlapping-Low Cloud Amount (High/Low)

January 2001 April 2001

(=) JANUARY

Annual mean: 27% Chang and Li (2005; JCL)
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¢, Comparison of Original Cloud Fraction
S-CL

0 10 0




@, Comparison of RH Fields
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Relative Humidity Bias Temperature Bias (K

Relative humidity (left panel) and temperature (right panel) biases during July 2008:
AERI versus AIRS, blue line; AERI versus GFS, red line.




® Comparison of two schemes

An equation is m Many of constants are
from empirical formula based on observations
Only one equation m Several e_quations
determines CFR determine CFR

T, RH, and s RH, convective cfr,
Cloud’ mi)zing ratio Variables vertical velo, lapse rate

Overlap

Slingo (1987)
Gordon (1992)




® Comparison of two schemes

0 GFS cloud scheme SG cloud scheme 9

High, middle, low cloud fraction High cloud fraction:

Default setting of RHc = 0.80 for p < 750.0 hPa

0.0 - RH <RHc
(RH -RHc)* /(1.0-RHc)? RHc<RH <1.0
2000*(qc_qcmm) 10 RH >1.0

R™®(1-exp(-

) ) :

Mid cloud fraction:
Default setting of RHc = 0.80 for p < 750.0 hPa
RHe : RH*(1.0 — Ncnv), Ncnv: convective cfr

0.0 | [ RHe<RHc
(RHe—RHc)* / (1.0~ RHc)* RHc <RHe<1.0
1.0 | RHe >1.0

min[max([(L-R)g*]***,0.0002),1.0]




® Comparison of two schemes

SG cloud scheme: Low cloud fraction @

- synoptic subclass of stratiform clouds - marine stratocumulus clouds
Nsl = A(RHe) * B(w) Nmcl =S (——) * B(RH)
0 1 |

0.0 RHe < RHc a(_%}rﬁ
A(RHe)=| (RHe-RHc)*/(LO-RHc)? | | RHC=RHe<1.0 op

RHe >1.0 0.0

1.0 s

1 w < w,

1
B(w)=| (@ —a,) / (0, — @) @ < @ =< @, B(RH){(RH —RHmin)/(RHmax—RHmin)] RH_<RH <RH_

min —

0 w>w, | 0 RH <RH..

- shallow convective clouds
Nshl = 0.2*A__ (RHe)

A, (RHe) is the maximum value of RHe




Comparisons of cld fraction
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@ Cloud Overlapping Scheme

Random overlap

Cloud cover Cloud cover Cloud cover

A schematic illustrating the three overlap assumptions (from Hogan and Illingworth, 2000)

Random overlap: noncontiguous layers, Maximum overlap: contiguous layers

C,.. = Max(C1,C2) C,, = C1+C2-C1*C2



@Cloud Overlapping Scheme

® Previous studies

Ciue = @a*C_ ., + (1-a)*C__,,,Wwhere a(Az) = exp(-Az/L)

» Hogan and Illingworth » Mace and Benson-Troth » Pincus et al.
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» For vertically continuous cloud, » Using MMCR Radar data » Using CRM simulation,
the degree of correlation between from 4 ARM sites Stratiform and convective
the cloud positions decreased with :SGP, TWP, Manus, Nauru clouds have different
vertical separation of the layers overlap.
St: Random, Con: Max
» Naud et al. » Barker » Shonk et al.
S S S
v v v

» Using CloudSat and CALIPSO P Based on two studies,

» Using cloud radar data from
they suggest a simple linear fit

ARM with NCEP reanalysis data data




@ Cloud Overlapping Scheme

| ] | I | ] | ] | I | ] | | ]
Line: Lef from Shonk
Red: Average of Lcf
Blue: Median of Lcf

Effective decorrelntion length (km)

—20 O 20
Latitude {N)

Lcf values as a function of latitude for July 2007. The black solid line is a simple linear fit
suggested by Shonk et al. (2010) and the red and blue dots show mean and median values of Lcf,




@ Cloud Overlapping Scheme

MODIS-CL
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Use of A-Train Satellite Data to Study the
Impact of Aerosols on
Cloud, Precipitation & Radiation Budget



http://meto.umd.edu/~zli/PDF_papers/Niu_and_Li_acp_2012.pdf
http://meto.umd.edu/~zli/PDF_papers/Niu_and_Li_acp_2012.pdf

Three Pathways by Which
Aerosols Influence Climate

Aerosols

|

Radiati

|

Redistribute
Radiative Energy

|

Cool the Surface;

Heat the Atmosphere;
Enhance or Suppress Convection;
Change Circulation Pattern;
Evaporate Cloud Particles;
Reduce Cloud Cover;
Enhance or Suppress Precipitation

|

Microphysical

|

Reduce Cloud
Particle Size

|

Enhance Cloud Albedo;
Overall Cooling Effect;
Suppress Precipitation;
Increase Cloud Lifetime

|

Thermo-
dynamic

|

Redistribute
Latent Energy

|

Suppress Warm Rain;
Enhance Cold Rain;
Change Convection Strength;
Change Cloud Geometry;
Change Circulation Pattern;
Delay Freezing

—

Complex Aerosol Effects




Long-term Impact of
Aerosols on Cloud Geometry
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Li et al. (Nature-Geosci., 2011)




Long-term Impact of
Aerosols on Precipitation

¢LWP>0.8mm R2=0.75 P=0.03 —-CN:4k-6k/cm”3

®LWP<0.8mm R2=0.73 P=0.03
i ¢ —#-CN:0k-2k/em”3
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LWP: liquid water path, CN: condensation nuclei
Li et al. (Nature-Geosci., 2011)







Cloud Top Temperature and Ice Water Path Vary
Systematically with Aerosol Loading for Deep Clouds
but Little Change for Shallow Warm Clouds

Over Land
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Cloud Top Temperature and Ice Water Path Vary
Systematically with Aerosol Loading for Deep Clouds

but Little Change for Shallow Warm Clouds

Over Ocean
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Precipitation Rate Increases with Aerosol for
IX-phase Clouds but Decreases for Liquid Clouds
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Impact of aerosol invigoration
effect on cloud radiative forcing:

Direction of airflow
X |ce and snow crystals
< Graupel or small hail
4 Raindrop
Larger cloud droplet
Small cloud droplet
Smaller cloud droplet

‘% Aerosol particles

Growing

Rosenfeld et al (2008, Science)
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missing
Warm base mixed-phase Cold base mixed-phase

+ Total
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@ Findings

Diagnosis of clouds

B The GFS model captures well the spatial
distributions of hydrometeors compared to
satellite retrievals, although large differences
exist in the magnitudes.

B The GFS model generates more high and
mid-level clouds, but less low-level clouds
than do satellite retrievals and tends to miss
low-level marine stratocumulus clouds

B An underestimation of low clouds leads to
more outgoing LW radiation and less SW
radiation at the TOA.

B The GFS temperature field agrees well
with observations, the GFS RH simulations
both in the lower and upper troposphere tend
to be overestimated than observations.

Aerosol on rain

For thin clouds, rainfall occurrence is
suppressed by aerosols (30%)

For thick clouds, rainfall frequency is
increased by aerosols (50%)

Aerosol on cloud height

B For mixed-phase clouds of low cloud base,
cloud top (also thickness) increases with
aerosol number concentration

B For warm clouds, cloud top height
(thickness) is not affected.

Aerosol on cloud phase

B As CNincreases, high clouds occurred
more frequently, but low clouds occurred
less frequently.







