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(very preliminary results)

Junhong (June) Wang?”, Aiguo Dai & Ellen Lu
Department of Atmospheric & Environmental Sci.
“New York State Mesonet
SUNY Albany

Collaborators: Chris Golaz (GFDL, now at LLNL), Ming Zhao, Yi Ming,
Huan Guo, Hailey Shin (all GFDL)

Support: NOAA MAPP project
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NOAA MAPP Project: JNYS Mesonet
D s | UNIVERSITY AT ALBANY

_Diurnal Metrics for Evaluating GFDL and Other Climate“Models

Aiguo Dai (SUNY Albany), Chris Golaz (GFDL, now at LLNL), Junhong Wang (SUNY
Albany), Ming Zhao (GFDL), Yi Ming (GFDL)

Motivation:

1. Diurnal cycle is not well simulated in GFDL and other models for Tas, P
and other fields;

2. Physical processes underlying the diurnal cycle can be used to
diagnose deficiencies in model physics

Objectives:

To develop a new set of constructive diurnal metrics that can guide
modelers to identify problems in simulating certain physical processes ir
their models

To improve our understanding of the physical processes underlying
major diurnal variations.

Rossow Symposium 2017 3



l @ AM4 prototype: AM4g5

® Physical Parameterizations:

convection: double plume
cloud microphysics: Rotstayn-Klein

planetary boundary layer: Lock scheme
® Resolution:

horizontal: 0.625 X 0.5 degree

vertical: 32 layers (from sfc to 1 hPa)

® Temporal: hourly 2006-2010

Ref: Zhao, M., et al., The GFDL Global Atmosphere and Land Model AM4.0/1.LM4.0:
Documentation with Prescribed SST Simulations, 70 be submitted to JAMES



Diurnal metrics data

UNIVERSITY AT ALBANY

<

Dataset name Source data Metric data

0.625X0.5
GFDL-am4 V1 Hourly (3-hrly for clouds)
2006-2010

0.625 x 0.5
hourly

280km equal-area-grid
ISCCP-D2 monthly-averaged 3-hrly
1994-2009

0.625x0.5
3-hourly

Surface Station 0.25 x 0.45

i 3-Hourly
observation 1976-2005 3hrly

0.5X0.5
ERA-Interim 6-hourly
1997-2010
0.67x0.5
MERRA-2 Hourly
1980-2009
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Temperature Bias = GFDL - CRU
. Tmax

130 oW oW ww

SN

oo

* Cold biases in daily maximum T (Tmax), except DJF central and northern Asia and JJA central U.S.
* Mostly warm biases in daily minimum T (Tmin)
* Cold biases in daily mean T (Tmean), except\DIFcentrat@nd northern Asia and JJA central U.S. ¢



Processes Controlling Tmin, Tmax and DTR

(Dai et al. 1999, J. Clim; Dai & Trenberth 2004) O, 2sn-ro. o ' Temy
g,
1. Tmax and (Tmax — Tmean): £
Sfc solar heating: surface and atmospheric albedo (snow/ice, ~ ~ LocalSolarTime (hr) *

clouds), atmospheric absorption (H20, aerosols)
Evaporative cooling: soil moisture, near-surface wind speed and RH

CHAZ 201609

OF e AM4

Tmax decreases with height

-2 0 2 4 6
T T

T Anomaly (°C)

2. Tmin and (Tmean-Tmin):

8 6 s
T

Surface LW cooling: surface T gradient (Ts-Tas), near-surface T ki
UTC Time (hr, LST=UTC- 5)

water vapor, low-cloud fraction

3. DTR (=Tmax—Tmin):
Surface solar heating: low solar heating=> low Tmax and low DTR
Surface evaporative cooling: too much LH flux=> low Tmax and low DTR
Smoothed terrain: low elevation—=> lower nighttime LW cooling and lower DTR
LW affects both Tmin and Tmax and thus has relatively small effects on DTR.
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" The diurnal temperature range 1n the CMIP5
models

Jenny Lindvall and Gunilla Svensson
Climate Dynamics (2014)

» The DTR varies substantially between different CMIP5 models,
particularly in the subtropics, and is generally underestimated.

» The DTR integrates many processes and neither the model
differences in the DTR nor in the change in DTR can be
attributed to a single parameter. Which variables that impact the
model discrepancies vary both regionally and seasonally.

However
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ISCCP ERA-I MERRA?2

ISCCP parcent (c) Total = ERAIN percant (e} Total

.
percent (g) High
aa

c e %
parcent -‘Hledla

* General agreements in total cloud amount

* Less ISCCP high clouds, esp in tropical land areas
* Less Sfc obs middle clouds

* Less ISCCP low clouds in higher latitudes
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AM4-ISCCP AM4-Sfc_obs AM4-ERA-I AM4-MERRA2
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* Overestimate total clouds over land, but underestimate over ocean
* Overestimate high clouds esp over land

* Underestimate low clouds in low latitudes

* Betteragreements with RAs



Summer Diurnal Variability for
Low{ } & High () Clouds
Occan Land

o003 6 2z1s1821 0
Hour of Day
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Rossow &
Schiffer (1999)
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Average Diurnal Cycle of High Clouds y

High Cloud

» Similarity between AM4 & MERRA2, with
larger magnitude in tropics
» Larger magnitudes over land

ocal
Midnight

per'cenl i (b) OOZ

pe:cem am

(c) 00Z percent (d) 00Z

o 1 w N MWW GW MW 0
5 {h} 06Z MEHHAZ
T n

:
10 IS SUN MW G MW 0 0T e 20T 1Xe 1NE 10

{f) 062 ISCCP
Ll T

»! - =
0 0F ME WF 16 6 IR0 160 1GOW NN MW W MW 0 0F KE SR N6 10F IR0 1RO 1GOW SMIN MW GW MM 0 0F W6 90 X6 1536 IR0 1RO 1GOW SN

{i) 12Z GFDL percent {jy12Z ISCCP percent (k) 122 SlcObs percent 12z
T T - —y o T T 2 v o

0 MF WE W8

W W e 1206 1536 180

M

NP
O
bl o
5 -
»s o ns = ns bt
150 150W NN MW W ¥ 0 3 weE 1NE  18E 15 180 150W TN W o L L »E e "mE 1€ 18E L 150 1500 TN MW W uw L] »E 23 "E 1€ %€ 10
{n} 182 ISCCP percent (o; 182 StcObs percent MERRA2
" T T T T T T o T W - [

ns ns ns
180 1MW IMTN BWIW GW MW 0 20F e 20T INC IHC D 180 1MW LN MWW GW MW 0 0F e 20T 1N IHC I I 1uwW

L [ I " | =] I S ——
-35 325 -2 15 -1 05 0 05 1 15 2 25 3 35

ns
1m0 1w

TN WW GW Nw

TN WW oW Nw
qQ




LS




NY State Mesonet - -

N ic < - A
Qour | (MAL(]' ELLEDETA2 ® riux
\ "'SARA‘ ) Profiler

rpovs | {
. 6 Sit g \ VELER @ snow
12 1tes el \ e.. (% ) ® Sstandard
£ K | L’)‘HHHNF'MB {
: Vel DWA \ \ =S5X
* Spaced ~19 mlleS apart e( )/ Gm:;?‘\\ Cw:p_i’_k { Prop Wind Monitor | Lightning rod
o CAPE ot ¥ ""l\‘__. ——— il K =) T Sonic Anemometer
* Reports every 5 minutes | pewe * ™ we e
! X ICO 2

\
KUK _—7

£ |
T | | t‘;::: / \ %HES Yagi antenna ;
I '(, ([ u‘l\« GAT & Omnidirectional antenna
’ & swe 7 YQSCE~ T / ise | WL
e L ’CSQ‘{? € AMD ) e A}—"G FAL
\"4 -
ONTA . oL —wi™ ‘"Ti T &013 —-@fEDIN %
o - / | e
oo l ’-‘L'J@‘?D FhvE \-‘cW:—'S' O ,{"‘(VOPPE || (BSD‘JSCH\J Precipitaon
S s ? j ¢ [ ‘ ﬁOHJN f _,.._{ guge  Lamn Pyranometer
J AT Ly ORR T/ N\ gE . QPRM & ol oCHAY Non-sied Aginted
SR "l\ [ @cip-Fort - ®roo 47]U“N — = Imm gy gnors
\ S Lo v J 525,50
wwN\_ q€_| lI ®ER coBL/! ®B0R ({ |\ (5,25, S0c)

EoHo— r SROT €€iN Qayr~ R ISTEP

COHo— I ‘ NC s AR~ Qv [Breou—tocHO

STYROBURD. - s ) KIND /
l b___rwfascz« ! 3 fROXB
el WvaLT f
BELD ¢ : G
¢ lJ | L *‘N/D/E NN € ora

)

(; J inine - . i~
ER QI WEGEING I Ao P fELAR .fRED'F‘-"I
S‘NBRA / -

*'HFAL f[ic

! ﬁNBou £
{ELDR- fB(» Now B
s l( Y ) b
g ‘
‘r 7 ¥SoME .l - Slides
g X
\’:’T‘ f P ol Soup -
R \ &R x/ A
i c; = 1% P
EBKLE v mmh- o N

(]
E’.' ”?,1«/‘" A- 15




- (i) JUA Degree C i (h) JJA

o

NYS Mesonet

UNIVERSITY AT ALBANY

1 e L

Bias = GFDL - ERAIn o Bias = GFDL - CERES i Difference = ERAin - CERES
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» SW not a cause of the cold Tmax bias in most areas except Australian;

rRoxsoliingontributes to the cold biases in Tmax in general
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Annual Cloud Amount: GFDL AM4 - ISCCP

Mid Cloud —_—percen m» N _’

150W 120W  S0W  S0W 30w Q 30E S0E 120E 1%0E

L P a-——
18-15-12 -9 6 -3 0 3 6 9 12 15 18

s (1) ANN Low Cloud percent

1 13w 10W IW W W

. | L u p—
24 -12 36 -24 -12
* Overestimate high clouds at all latitudes
* Overestimate low clouds in mid-high latitudes, underestimate low clouds in low latitudes
fEadereseimiztémiddle clouds (in much smaller magnitude) 18
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1. Data and analysis method

2. Annual and seasonal cloud amount
comparisons

3. Diurnal cycle of cloud amount
comparisons

4. Linkage between diurnal biases in
surface temperature and cloud amount
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