AV

The difficult art of evaluation clouds and . \ymai
convection representation in GCM's

Motivation

Configuration

Results

Roe/ Neggers
Pier Siebesma

thanks to many others at KNMI




Evaluation Strategy

Single Column Model 3d-Climate Models

Large Eddy Simulation (LES) Models
Cloud Resolving Models (CRM)

NWP’s

1

Versions of Climate Models
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Potential issues:
i) How representative are these idealized situations?
ii) Parameterizations might get calibrated to rare situations

iii) Do the available cases represent those situations where GCMs
have most trouble / uncertainty ?

Q: How can we improve/ensure the statistical significance
and relevance of SCM simulations?




Can't we do more between case studies and global evaluation?
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3d-Climate Models
NWP’s

Single Column Model
Versions of Climate Model

Large Eddy Simulation (LES) Models
Cloud Resolving Models (CRM)
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Continuous SCM evaluation - The Cabauw SCM Testbed

Purpose:
Daily SCM simulation at Cabauw for long, continuous periods of time
Evaluation of long-term statistics against observational datastreams




The idea

* Short-range (3 day) SCM simulations are generated daily for Cabauw

Method: a combination of prescribed large-scale forcing and
hudging fowards a background state (observed/forecast/reanalysis)

* Build up a long (multi-year) archive of simulations

Allows diagnosing monthly/yearly statistics:
i) improved statistical significance (representativeness)
ii) many different weather regimes are automatically captured
iii) a fair comparison with similarly diagnosed GCM statistics

* Comprehensive evaluation of the compl/ete parameterized system

against Cabauw observations

Covering thermodynamics, momentum, radiation, clouds, soil, etc.
Allows constraining all parameterizations simultaneously
- should reveal compensating errors in GCMs



The Cabauw site

Operated by KNMI
Operational since 1972
Tower height: 213m

Main scientific goals:
* Atmospheric research (PBL)
* Climate monitoring
* Air pollution monitoring
* Model evaluation

Cabauw is a

http://www.cesar-observatory.nl/

Cabauw Experimental Site for Atmospheric Research

remote sensing

wind profiler
CT75 ceilometer
ir-radiometer

3 GHz radar

35 GHz radar
10 GHz scanning radar
backscatter lidar
GPS-receiver
HATPRO MWR
UV radiometer
scintillometer
pyranometer

nubiscope

in situ (in tower)

SJAC

LAS-X

optical particle counter
FSSP-95
nephelometer
sonic anemeter
gas analyzer
aetholometer
sun photometer
humidograph
wind sensors

temperature sensors

in situ (ground)

2m meteo
rain gauges
disdrometer
TDR

BSRN station




What are the strong points of Cabauw for model evaluation?

* The number of operational instruments

* Continuity of measurement

* Long time-coverage

* High sampling frequency

*A well-organized data archive that is easily accessible (CESAR)

‘Web browser to confront models (SCM, LES) with observations



Testbed infrastructure: the interactive browser

e Edit View History Bookmarks Tools Help

e -2-@u ~ - | A ntpubhwos0 knmini~neggers/KPT/scripts/result_timphp || | [[Cl-| div overfiow

| | #PGetting Started 5 Latest Headlines

I A KPT: selection result

Fraction [%]
S &8 8 8

o

init 19 May 20?8 12UTC

DALES 119 - Total o

| =———CESAR [laval | - CT75 Total doud covar

e Total cloud cover - RACMO & THE_detr_tes_freaze_v2

—— —Totet coud cover - RACMO & dualM 20080208 cloudwake_cc.and gl
Talal cioud cover - RACMO & dualld_ 20080429 buoyson

Tatal cloud cover - RACMO & Empty

O Tatal clowd cover - RAGMO & RACMOD

save |

Time [day]




Individual cases

Example: a diurnal cycle of shallow cumulus convection

Cloud fraction (including CT75 lidar lowest cloud base) [%5]

a4 .j 100.
' 30.
I
£ 80.
3
i 0.
EF 60.
::E; 50,
= | 40,
1= o M 20,
| 20.
- 10,
0L 2
oo 0e 12 18 0o =0
08 Apr 2008 09 Apr zmuapdraﬂ Icl and 1op

o: CT75 lowest cloud base



Evaluation strategy

2) Assess if the problem is reproduced by the corresponding SCM
Exactly matching the GEM statistics (monthly/yearly means)

3) If so, identify which individual days contribute most to the error

Selected individual cases are guaranteed to matter
1D

4) Study those days in great detail, using a variety of statistical fools

5) When the cause is identified and understood, formulate a solution

6) Re-simulate and re-evaluate the modified SCM




An issue encountered during the implementation of a new
shallow cumulus scheme into the ECMWF IFS

EDMF-DualM

Eddy Diffusivity Mass Flux scheme
Teixeira and Siebesma, AMS BLT proceedings, 2000
Siebesma et al., JAS 2007

Dual mass flux framework
Neggers et al., JAS 2009, June issue



Convective Mass flux decreasing
with height

mass flux = updraft cloud fraction * updraft velocity

y
LES: "clouds in silico” /’
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Height (km)

Recently validated for "Clouds in vivo" (Zhang, Klein and Kollias 2009)

5.0
4.0
3.0
2.0

1.0 -

0.0

ARM mm-cloud radar

Updraft mass flux = updraft fraction * updraft velocity
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Siebesma & Holtslag '96

1AL SO
it W
w
N
i
old hew

Implication for new EDMF scheme:

“flexible decreasing mass flux"

clouds "“in vivo"



Step I. The GCM problem

ECMWF IFS difference in summertime diurnal cloud cover
between CY32R3 + EDMF-DualM and CY32R3

free climate run, June-July 2008

OhPa mean MCC [%] 20080601-20080731 6h f1tg-fito nfld:31
mniH=-2.42161 mMnTR=-2.99172 mnSH=-3.07272 rmsGL=5.32292

e —

Thanks to Martin Kéhler, ECMWF



A difference in daily mean 2m temperature over land

free climate run, June-July 2008

OhPa mean T2m [K] 20080603-20080608 48h f59w-f322 nfld:12
mnNH=0.136358 mnTR=0.0069969 mnSH=-0.0506358 rmsGL=0.233371

R




Hypothesis:

1. less PBL clouds @ ,
4. low level warming
2. larger SW down i

3. larger H

Q: can the Cabauw SCM Testbed provide some evidence?



Temperature

Fraction [%]

Step IT: Do the SCMs reproduce the GCM behavior?

100

80

60

40

Jun 2008 mmean

CESAR - CT75 Total cloud cover

Total cloud cover - dualM_20080429_buoysort

Total cloud cover - CY31R1

Total cloud cover - RACMO

Jun 2008 mmean

cloud cover at noon
differs by ~20%

X CESAR-2mT
2m T - dualM_20080429 buoysort

2m T - CY31R1

Ll I

12 00
Composite time [UTC]
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Related monthly-mean differences support our hypothesis

Jun 2008 mmean | " i |

800
700 -
600
= 500
2 400
8 300
¥ 200
100

CESAR - BSRN Downw. SW Flux (global) (1hr bin)

3 ~50 W/m2

————Downward SW Radiative Flux - dualM_20080429_buoysort

—————Downward SW Radiative Flux - CY31R1

200

X CESAR - 5m Sens. Heat Flux

Surface Sens. Heat Flux - dualM_20080429_buoysort

Surface Sens. Heat Flux - CY31R1

Heat Flux [W m?)

(Note: there are still some
/ssues with this

-40 - - ; ; ! observational datastream)

12 00 12 00 12 00 1
Composite time [UTC]




Step IIT: Conditional averaging
a) clear convective days in May 2008

dryGBL.EOOSDI'S condmean '

900
800 -

CESAR - BSRN Downw. SW Flux (global) (1hr bin)

700

g 600 ———Downward SW Radiative Flux - dualM_20080429_buoysort

x 500 — Downward SW Radiative Flux -CY31R1

L 400

=]

g 300

w

200
100
0 ] 1] ] ]
dryCBL.200805 condmean

298.0 i ' ' '

296.0 - X CESAR-2mT
- 294.0 - ———2m T - dualM_20080429_buoysort
= 2920 -
S 2m T - CY31R1
§ 290.0 -
5 288.0 -

286.0 - Important result:

284.0 - model differences are gone!

282-0 1 I ] 1 ]

->
12 i 5 o e i 1 proof that clouds are the cause

Composite time [UTC]



b) shallow cumulus days in June 2008

shallowcu.zﬂof}llﬁ rm:mdmeanI

100

CESAR - CT75 Total cloud cover

Total cloud cover - dualM_20080429_buoysort

Total cloud cover - CY31R1

Fraction [%]

Differences amplify ->

. this regime is the cause
shallowcu.znogns condmean _
800 1 1 1 1
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£
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3 400
g 300
* 200 . .
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00
Composite time [UTC]
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Fraction [%)]

100

c) Scatter plots of monthly mean SW radiation and cloud
fraction over 2 years of data.

mmean 2007-2008 t,, =12ute ty.~24hr Cabnimw
] ]
RMS = 8,2844, blas = -0,6850
RUE — TARF Flie — o1 2G00F -+
' b,
80 S | F
+
+
+ t
B L
*
+
¥ lavelDjoo wmn_Ca
¥ RACADRUAIN_SUOsDaEs nuayson e
; X levelofeo umn_Ca
¥ RAL VUP‘I‘I’pl:.lgl:,I:.
¥ Jevel oo wenn_Ca
t ¥ RACMORACRC] e
T T T T
0 20 40 60 80 100
Fractlon [%5]

Energy Flux [W m™]

mmean 2007-2008 Ly =12ule t.=24hr Cabaiw
80D ! ! !
BAVE = 45,2916, blas= 22,0209
?m 7] RS — 40,1044, blag — 9.9504 f
s
600 - =
+ 4 gt
500 - S
. .
3
P+ |
400 -
. o+ 4
300 - 4
e
200 N
o
100 g
n - . T T T T T T
(v} 100 200 300 400 500 600 700

Energy Flux [W m®|

New scheme: too less cloud fraction and too much SW

downwelling radiation.



c) Scatter plots of monthly mean model differences of cloud
fraction vs downwelling SW-flux.
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Step IV: Zooming in on single days

Which days contribute most to the monthly-mean differences?

Fraction [%]
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17 June 2008

CY31R1 tends
to produce
anvils at the
top of the
cumulus PBL

=

Height [km]

Height [km]

CY31R1

107

107

100.
90.
80.
i 70.
="
. 50.
40,
30.
20,
10,
12 o

17 Jun 2008

dualM_20080429 buoysort

Cloud fraction (including CT75 lidar lowest cloud base) [35]

19 Jun 2008 i

updraft icl and top

12 IS” 00 06 . 12 . 18 - 06 o ( 1

100.
90,
80,
70.
60.
50,
40.
30,
20.
10.
— 0.

17 Jun 2008

19 Jun 2008

updraft bol and 10p



Different tendency to form cumulus anvils is caused by
differences in the vertical structure of model mass flux:

Non-mixing; Fixed structure Mixing; Flexible structure

T e

) N

M M

Tiedtke (1989) in IFS EDMF-DualM



STep VI: N\odify SCM Now that we understand the problem,
we can make targeted changes

Cloud Overlap functions:

at present maximum overlap for BL-clouds (in
each GCMII)

height

o Implies : total cloud fraction c¢f,,; = cfpa
+ €T max

Cloud fraction

! height
Is this a realistic assumption?

vertical p
projection A



LES revisited:

cc/cemax

time (in H)

Time series of the ratio cctot/ccmax for 4 simulation with
different shear OX (black), 1X (green), 2X (blue), -2X (red).

cctot/ccmax = 2~3 depending on shear, depth
of cloud layer.

height

This number is enough to correct the biases in
cloud cover and short wave radiation!

€T max

Cloud fraction



Lessons to be learned:

It is possible to reproduce long-term statistics of GCM behavior with
continuous daily SCM simulation

Identifying the individual cases that contribute most to the time-mean SCM
error ensures we study the most relevant situations

Conditional averaging can be a helpful tool in understanding model behavior
All ingredients (radiation, convection and cloud geometry) usually matters
Be aware of compensating errors (convection scheme vs cloud overlap

assumptions in this case). Many GCMs are currently optimized on their
radiative properties.

Many of the used information is (roughly) available on new generation
satellites except for incloud vertical velocity.



Outlook

Top priority: to make the testbed server publicly accessible
More SCMs

ECHAMS

HIRLAM/AROME/HARMONIE

UK MetOffice

COSMO
More locations

Cloudnet sites ( Chilbolton, Lindenberg ), ARM sites
More observational datastreams

Nubiscope, UV lidar, soil measurements, profiler
Improved spatial coverage

Surface instrument networks, satellite datasets, scanning radar
Score metrics (RMS, Brier scores)



Evaluation Strategy

Single Column Model

Large Eddy Simulation (LES) Models
Cloud Resolving Models (CRM)

3d-Climate Models

NWP’s

1

Global observational

ate Models

Versions of Cli

Satellite Data sets

Observations from

Field Campaigns and/or

Observational sites (ARM)

Evaluation

Testing

Development




Observing Trends in Observed Cloudiness and Earth’s Radiation budget

Cloud Cover Anomalies

Near-global land (60°S-60°N) Near-global ocean (60°S-60°N)
i, . .4 . 4. .4 0 0 y, .. 4 .44 3. 3 .|
34 - 31 -
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Figure 2.2 Time series of anomalies in total, upper-level, low-level, and cumulus
cloud cover from ISCCP satellite (gray) and EECRA surface (black) observations aver-
aged between 60°S and 60°N over land and ocean.

Mainly a task of geostationary satellites.



Observing Trends in Observed Cloudiness and Earth’s Radiation budget

TOA Longwave anomaly
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Observing Trends in Observed Cloudiness and Earth’s Radiation budget

Planetary albedo (shortwave effects)
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Fig. 1. Global monthly mean albedo ime serizs from 20 GCMs (solid grey lines) compared with ERBE and CERES satellite observations (dashed
black lines).



(Satellute) Observational Data Sets for the use of evaluation of

GCMs (in a statistical sense

But..... The correlations of the variability of cloud amount with other fields yield valuable
and critical tests for GCMs that are a necessary condition to gain confidence in the
predictive power of these models!!

5 4 A COADS dloud (%)

5 4 B ISCCP cloud (%)
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Table 1. Correlation betwean cloud and various meteorobgical quantities in the NE Pacific “or observations
and clinate modaks. Forthe obsenations, the ISCCP-corrected and COADS doud fraction (both total and low-
level dowd valwes ara shywn) are orralatad with obsarved 55T (first column, lowear tropospheic stability (LTS,
second columnd, sea-level pressure (SLP, tvird columng, and mid-tropos phari: pressure wertical welocity (fourth
coluwmnl, For the modals, the total clowd cover 5 used because the saparate low-level dowd aover s not made
available in this archive for most modals, Modals are grouped according b the sign of the comelation )
relative to ohsevations. We only include modals for which all diagnostics are available, Statistial sig-
nificance of the correlation values i3 alculated with a one-tailed £ test. Degrees of freedom are derived
with the lag-1 autocorelation. Values that are signifiant at the %%%% level are shown in bold

55T LTS SLF o 500
Obsarvations
A Panrractad tatal -N.75 haa LE{] 30
ISCCRmmected low + mid -0.91 0.E1 0.E9 070
COADS 1otal -0.74 0.35 0.73 0.53
COADS M5C -0.62 042 0.74 070
Maogels with the corred doud-metearology relatonships
ukma_hadgeml -0.81 0.54 0.65 o3y
inmemi_0 0.77 037 058 0.14
Maogels that simulate the wrong sign ricloud o 5000
mri_cgom?_3_2a 0,60 0.21 035 058
gidl_cn2_0 0,69 0.06 052 042
naar_csmi_0 0,66 048 0.63 -0.18
Models that gmulare the wrong sign ricloud, SLF)
mirocd_2_hires -0.91 0.54 -0.03 0.10
Maodels that smulate the wrong sign or dose & zero) ricloud, LTS
cooma_cgom3_1 163 -0.66 0.01 052 0.20
cooma_cgom3_1 -0.60 -0.08 035 -0.14
Cnrm_an3 ENE “0.24 0.54 054
ipsl_oma -0.53 -0.16 0.25 032
ukma_hadem3 0,44 0.17 033 043
gidl_cm2_1 -0.31 =0.38 0.05 056
mpi_echams 0.23 =044 0uD6 0,70
miracd 2 medres -0.13 -0.00 -0u04 067
Madels that gmulate the wrong sign ridowd, 557

giss_acm 0.12 =063 -0.39 067
iap_fgeakl 0.9 0.22 =0.43 -0.24 0,69
giss_maodal_e_h 0.34 0.10 0.10 -0.81

qis_mndal_a_r nag <. 3 -N.5R




How to ensure continuity in global satellite observations c
radiations?

(How) can accuracy be improved?

Are we looking at the right fields?



GCM Evaluation with Satellite data
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Are satellite simulators the only way out?






Evaluation: diurnal cycle cloud properties
Shouldn't we make more use of geostationary satellites
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