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Motivation

e Given the short time scales and high spatial heterogeneity of land
processes, a MOLTS framework is a potentially useful framework for
fine-grained validation of land-atmosphere interactions in climate GCMs

« Analysis of relationships (e.g. covariances, coupling strengths) among
land-surface/ABL processes may yield new insights on parameterization
deficiencies in present-day climate GCMs



Approach

Utilize hourly observations and AM2/CAM3 model forecasts post-processed at the
ARM SGP site for the year 2000

Use ARM observations to validate atmospheric model forcings (e.g. radiative fluxes
and precipitation) and land model responses (e.g. surface turbulent fluxes,
temperature & humidity) at hourly to seasonal time scales - Neglects coupled
feedbacks

Also analyze covariances of land-atmosphere variables to gain insights into
coupled processes/feedbacks in models vs. observations

Today, discussion of results will be limited to the July-August-September (JAS)
season when AM2 and CAM3 errors are both most stark and different--further
details on other seasons can be found in the write-up on our internal website at
http://www-pcmdi.linl.gov/projects/capt/protected/index.htmi
[enter userid ‘pcmdi’, enter password ‘4capt!’]



http://www-pcmdi.llnl.gov/projects/capt/protected/index.html

Validation of Atmospheric Model Forcing: JAS Downward Sfc Shortwave

Daily Averages AM?2 vs. Obs

Model versus Verification at site SGP in Jul-Aug-Sep 2000

Diurnal-Average Surface Downward Shortwave Flux for AM2 NRSTPT versus ARM
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Daily Averages CAM3 vs. Obs

Model versus Verification at site SGP in Jul-Aug-Sep 2000

Diurnal-Average Surface Downward Shortwave Flux for CAM3 NRSTPT versus ARM
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JAS-Avg Diurnal Cycle AM2 vs. Obs

Model versus Verification at site SGP in Jul-Aug-Sep 2000
Average Diurnal Cycle of Surface Downward Shortwave Flux for AM2 NRSTPT' versus AR]

1000
750
E
5
£ 500
2
A
E
z
§ 250
] &
o
2
51
A

ol-
I N T T T T T S I A
0123456 78 910111213141516 17 181920 212223
Hours UTC

JAS-Avg Diurnal Cycle CAM3 vs. Obs

Model versus Verification at site SGP in Jul-Aug-Sep 2000

Average Diurnal Cycle of Surface Downward Shortwave Flux for CAM3 NRSTPT versus AH
1000

750

Surface Downward Shortwave Flux

250 \

1 o oy [fy [y By Py B T By Ty Ty T Iy
10 11 12 13 14 15 16 17 18 19 20 21 22 23
Hours UTC

v




Validation of Land Model Response: JAS 2-Meter Temperature

Daily Averages AM?2 vs. Obs JAS-Avg Diurnal Cycle AM2 vs. Obs

Model versus Verification at site SGP in Jul-Aug-Sep 2000 Model versus Verification at site SGP in Jul-Aug-Sep 2000
Diurnal-Average Surface Air (2 m) Temperature for AM2 NRSTPT versus ARM Average Diurnal Cycle of Surface Air (2 m) Temperature for AM2 NRSTPT versus ARM
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Validation of Land Model Response: JAS Surface Sensible Heat Flux

Daily Averages AMZ2 vs. Obs JAS-Avg Diurnal Cycle AM2 vs. Obs

Model versus Verification at site SGP in Jul-Aug-Sep 2000 P . .
i Model versus Verification at site SGP in Jul-Aug-Sep 2000
Diurnal-Average Surface Sensible Heat Flux for AM2 NRSTPT versus ARM ) B )
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Validation of Atmospheric Model Forcing: JAS Precipitation

Daily Averages AM?2 vs. Obs JAS-Avg Diurnal Cycle AM2 vs. Obs

Model versus Verification at site SGP in Jul-Aug-Sep 2000
Average Diurnal Cycle of Total Precipitation for AM2 NRSTPT versus ARM

Model versus Verification at site SGP in Jul-Aug-Sep 2000
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Validation of Land Model Response: JAS Surface Evaporative Flux

Daily Averages AM?2 vs. Obs

Model versus Verification at site SGP in Jul-Aug-Sep 2000
Diurnal-Average Surface Evaporation for AM2 NRSTPT versus ARM
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Model versus Verification at site SGP in Jul-Aug-Sep 2000
Average Diurnal Cycle of Surface Evaporation for AM2 NRSTPT versus ARM
1.25E-4
1.OOE-4 —
0.75E-4 —
0.50E-4 —
0.25E-4
ok
P T O O o O S Y I
012345678 91011121314151617 181920212223
Hours UTC

JAS-Avg Diurnal Cycle CAM3 vs. Obs

Model versus Verification at site SGP in Jul-Aug-Sep 2000
Diurnal-Average Surface Evaporation for CAM3 NRSTPT versus ARM
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Validation of Land Model Response: JAS Surface Relative Humidity

Daily Averages AM?2 vs. Obs

Model versus Verification at site SGP in Jul-Aug-Sep 2000
Diurnal-Average Surface (2-Meter) Relative Humidity for AM2 NRSTPT versus ARM
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Daily Averages CAM3 vs. Obs

Model versus Verification at site SGP in Jul-Aug-Sep 2000
Diurnal-Average Lowest-Layer Relative Humidity for CAM3 NRSTPT versus ARM
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JAS-Avg Diurnal Cycle AM2 vs. Obs

Model versus Verification at site SGP in Jul-Aug-Sep 2000

Average Diurnal Cycle of Surface (2-Meter) Relative Humidity for AM2 NRSTPT versus AR
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JAS-Avg Diurnal Cycle CAM3 vs. Obs

Model versus Verification at site SGP in Jul-Aug-Sep 2000

Average Diurnal Cycle of Lowest-Layer Relative Humidity for CAM3 NRSTPT versus AR
100

>

Lowest-Layer Relative Humidity
=3
=
I

40—

PO O O S S S S A
10 11 12 13 14 15 16 17 18 19 20 21 22 23
Hours UTC

(=7
O
i
NI
o i
.
o
=3
o




Model Errors Can Be Quantified: Examples at Hourly Time Scales

Hourly Sensible Ht Flux: AM2 vs. Obs

AM2 NRSTPT
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Model versus Verification at site SGP in Jul-Aug-Sep 2000
Hourly Surface Sensible Heat Flux for AM2 NRSTPT versus ARM
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Hourly Evap Flux: CAM3 vs. Obs

CAM3 NRSTPT

Model versus Verification at site SGP in Jul-Aug-Sep 2000
Hourly Surface Evaporation for CAM3 NRSTPT versus ARM
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Hourly Rel Humidity: AM2 vs. Obs

AM2 NRSTPT

Model versus Verification at site SGP in Jul-Aug-Sep 2000
Hourly Surface (2-Meter) Relative Humidity for AM2 NRSTPT versus ARM
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Hourly Sfc Temp: CAM3 vs. Obs

CAM3 NRSTPT

Model versus Verification at site SGP in Jul-Aug-Sep 2000
Hourly Surface (2-Meter) Air Temperature for CAM3 NRSTPT versus ARM
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Model Validation in JAS:

Both AM2 and CAMS3 show relatively good agreement with observed
downward SW radiation (and other radiative fluxes)

AM?2 forecasts the timing of precipitation events fairly well, but with
generally too low magnitudes - too dry soil, too low surface evaporation
and humidity, too high surface sensible heating and temperature

CAMa3 forecasts nearly continuous precipitation, much in excess of
observations - too wet soll, too high surface evaporation and humidity,
too low surface sensible heating and temperature

These JAS systematic errors are probably consequences of deficient
convective mechanisms in both models



Covariance relationships

Alan Betts’ perspective (from analysis of field data & reanalyses) is that land-
atmosphere processes are tightly coupled.

Covariances of land-atmosphere variables provide insights into coupled
processes/feedbacks

At an Amazonian site, July vs. November samples
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Covariances at ARM SGP in JAS:

Find qualitatively similar relationships for ARM obs and models, e.g. CAM3:

OBS: Sensible Htng vs. net SW CAM3: Sensible Htng vs. net SW

ARM verification covariance at site SGP in Jul-Aug-Sep 2000 CAM3 NRSTPT model covariance at site SGP in Jul-Aug-Sep 2000
for Hourly Surface NET Shortwave Flux {Wim*2) versus Surface Sensible Heat Flux (W/im*2) tor Hourly Surface NET Shortwave Flux (W/m*2) versus Surface Sensible Heat Flux (Wim*2)
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Covariance relationships at ARM SGP in JAS

In general, covariances of hourly samples are found to obscure physically
meaningful relationships that may exist among variables (Betts emphasizes
covariances of daily or 5-day averages).

OBS

ARM verification covariance at site SGP in Jul-Aug-Sep 2000
for Hourly Surface Sensible Heat Flux (W/im*2) versus Surface Evaporation (kglm*2]-s)
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Covariance relationships at ARM SGP in JAS

A covariance relationship that is robust across obs and models:
daily averages of fluxes of sensible heat vs. evaporation:

AM2 NRSTPT model covariance at site SGP in Jul-Aug-Sep 2000

For daily average Surface Sensible Heat Flux (W/m® *2) versus Surface Evaposation (kg/[{m*"2)-s])
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Covariance relationships: Land and ABL variables

Betts emphasizes covariances among soil moisture, surface fluxes,
and cloud base (LCL) as evidence of land-atmosphere coupling:

Sensible Heat Flux vs. Soil Moisture Sensible Heat Flux vs. LCL Pressure

120 — cangcs: M-THW, 50-7 00 JJA 1987 Canada: 90-130W; 50-70N 38K day '
e ol -120 ~ ysA : 80-110W; 32-50N D’ .-
- G e 1 Amazon: 50-70W; 55-10N |§*D
—-100 — D . - .
“'IE — 100 ) D B 51%%
= S - D OB p
= .80 2 80— \5? I
T
| »gP DB = o 02 WMy,
2 60 - D 3 60 , vg Do
2 oD F W
=] b - -
Z ., wuﬁ’ o 3
€ .40 - W 2 .40
[43] w W
. @ W
V‘:"ﬂ' WV
“20 1 initial Soilwater availability -207 mW\yW
D 25% D 25%
W 100% W 100%
U L] I L] I ¥ I T I T 0 L I L I T I T I 1 I
0.0 0.2 0.4 0.6 0.8 1.0 0 50 100 150 200 250
Soil Moisture Index, SMI (0-7cm) Cloud-base, PcL (hPa)




Future work plans

Will acquire ARM soil moisture observations for additional model
validation and covariance analysis

Will investigate covariances between surface variables and boundary
layer processes (e.g. between surface fluxes and LCL pressure level)
to compare with Betts’ results for other sites

Will also stratify results for dry vs. wet conditions in observations and
models
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