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Outline

[ 1. barrier layer in the ocean mixed layer ]

2. marine stratocumulus decks
3. ocean surface turbulence parameterization
4. land model parameterization and spinup time

5. Greenland temperature

6. soil moisture-precipitation interactions

“First light” image
released from GOES-R
(GOES-16)

Not covered in this presentation is our work related to the
SciDAC Project on dynamics-physics coupling in E3SM, led
by Hui Wan (PNNL) and Carol Woodward (LLNL).



Barrier layers in E3SM, and their relation to surface forcing
(Reeves Eyre, Van Roekel (LANL), Brunke and Zeng, 2018, to be

submitted in September 2018)
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MLD and TTD calculation method

Potential temperature

Potential density

Ocean surface

(Note possible
presence of inversion
in temperature profile)

TTD

E’SM

Energy Exascale
Earth System Model

Performed on
monthly mean
profiles: mean
absolute difference
between this result
and timestep-based
calculation is ~ 4 m.
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BLT and ENSO: equatorial cross section from ocean-sea ice case
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BLT and ENSO: equatorial cross section from
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How well does E3SM simulate barrier layers?

Correct general
pattern.

BL too thin in
tropics (except
around Maritime
Continent).

BL too thick and too
extensive in high
and mid-latitudes.

Possible relationship
with (P-E) biases in
tropics (contour
lines in bottom
panel).
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How much BLT bias is contributed by the ocean model?

201-230 ANN E3SM ocean minus IFREMER climatology BLT
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What does the atmosphere model contribute in the tropics?

* In the tropics, differences (previous slide) are partially explained by
effects of (P-E) biases on MLD. Because the ocean model doesn’t “add”
much bias, this is carried over to coupled model MLD biases:
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What does the atmosphere model contribute in mid-latitudes?

* In higher
latitudes
(figure shows
the Southern
Ocean), (P-E)
biases (top
row) have an
effect on MLD,
but wind
stress
biases(bottom
row) are
iImportant too.

MLD bias/ m

MLD bias / m

E3SM Pl-control

|t| bias / N m?

PRl | I R
80 - -
40 =
S [
0.7 *‘i B
-40 - + s -
-80 =
| a |

S . ————
-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0

(P-E) bias / mm day”
1 PR TR | " | 1

80 — B
40 -
" [ Erbae §
IS o I
] d { 1 !
-40 ‘ —
4 ‘ / ‘; s
0 | ;
| d [

L) | 1 1 I | g

-0.08 -0.04 0.00 0.04 0.08

MLD bias / m

MLD bias / m

OESM2 Pleontrol 0.,

80 - o
4 ] ]
| ? { |
| o
R
-40 ; -
i
-80 — -
4 b |
B T S
-3.0 2.0 -1.0 0.0 1.0 2.0 3.0
(P-E) bias / mm day
1 | 1 1 1
80 -
a0 1 1 B
[ e
0 R e 5
| b : | L
i [
40 & i L ¢l -
80 L
e |
1 LI | I I | B
-0.08 -0.04 0.00 0.04 0.08

|| bias / N m*

MLD bias /m

MLD bias / m

GFDL

|| bias /N m?

A I S EEPEPRrI | IR
80 — -
40 - s
0 - -
] i

40 i "-?‘ -

-80 — L

| Cc

LR LA DUEL LR | T
-3.0 2.0 -1.0 0.0 1.0 2.0 3.0

(P-E) bias / mm day"
1 PR Y PR - PR Y 1
80 - -~
40 - 5
0 ; nest o) -
bpa L
-40 ¢ ; i -
d =1 ‘ i N
-80 - -
l fl
I oxd 1 1 I
-0.08 -0.04 0.00 0.04 0.08



Do BLT biases change the “insulation” effect?

 Where BL too thick, less entrainment cooling (i.e., less negative

temperature tendency). Where BL too thin, more entrainment cooling
(i.e., more negative temperature tendency).
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Do BLT biases affect SST? 1 —

 In GFDL reanalysis, CESM2
and E3SM ocean-sea ice case,

1 month average lagged by 0 months

Nino4 SST anomaly / °C
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i i Scatter plots of monthly BLT anomaly vs. monthly SST anomaly in
model experiments to verify. plots of monthly y y y

the Nino4 region. Red dots have monthly zonal wind stress
anomaly greater than +0.015 N m=. L



Conclusions

In E3SM coupled run, barrier layers are generally too thin over tropics, while in
mid-latitudes, they are too thick and extend too far equatorward.

In some tropical regions — notably west Pacific — BL biases are dominated by
atmosphere model biases and coupled interactions. In mid-latitudes, the ocean
model also makes a large contribution.

The atmosphere model bias of most importance for tropical BLs seems to be
(P-E), while in mid-latitudes, (P-E) and wind stress biases both contribute.

BL biases affect model representation of cold water entrainment from below
the thermocline, especially in the tropics.

BL biases related to model SST variability, possibly through the effect on cold
water entrainment. This may be a sign of BL bias influence on SST bias,
though further work required to establish this.
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Outline

1. barrier layer in the ocean mixed layer

[ 2. marine stratocumulus decks J
3. ocean surface turbulence parameterization
4. land model parameterization and spinup time
5. Greenland temperature
6. soil moisture-precipitation interactions

“First light” image
released from GOES-R
(GOES-16)
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Low cloud cover % CF
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Re-thinking the evaluation of stratocumulus
decks January

e We ask:

 What is the best way to evaluate the
models in order to provide new
insights for model physics
improvement?

 What are the new insights that such
improved model evaluations
provide?

* We consider extended regions
(green box) vs. the classic core
regions (red box).

Brunke et al. 2018, submitted to JGR-

DOE callnbor | .
DOE collaborator: Phil Rasch (PNNL) [ -

10 20 30 40 50 60 70 80
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Methodology
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Fic. 1. COSP schematic.

 Compare E3SMv1 Sc decks to those produced by other U.S. models (CESM1-
CAM5, GFDL CM3, and GISS ModelE2).

* “Apples-to-apples” comparison of COSP output with CALIPSO-GOCCP monthly
mean LCC.

. IObserved lower tropospheric stability (LTS) = 6(700 hPa) — 6(1000 hPa) from ERA-
nterim
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GOCCP

E3SMvl

CM3

CAMS5

Model
E2

Seasonal mean LCC

* E3SMv1 and CM3 stratocumulus
decks are displaced away from the
coasts.

e CAMS decks are restricted to
near-shore.

* ModelE2 produces too little cloud
cover globally.
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LCC > 45% over the extended regions vs. over
the core regions

% CF
M

P -

NEP NEA SEP SEA SIO

Core
regions

regions

Extended

i 0 J 4
Season Season Scason Season

W GOCcCP M E3SMv1 M CAM5 W CcMm3 W ModelE2

Season

* Core regions: large spread in the model-simulated % coverage of LCC > 45% CF,
models less consistent with CALIPSO-GOCCP in some regions for some seasons.

* Extended regions: smaller spread in model coverage of LCC > 45% CF, models
more consistent with CALIPSO-GOCCP.
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LCC (% CF)

LCC (% CF)

Mean annual cycle over the extended regions
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LCC-LTS relationships over the extended regions vs. over the
core regions

* In the core regions: . .
, All region Core regions LCC45+ decks
* GOCCP LCC-LTS regression slope regression
over the core regions is slightly slopes (% CF K-1)

lower than that of previous studies.

| . CALIPSO-GOCCP 4.03 2.44
 E3SMv1’s relationship compares
E3SMv1 3.41 1.37
well to GOCCP. CESM1-CAM5  3.44 0.36
* Relationship as low as 0.36 in CM3, ) ' :
GFDL CM3 0.36 0.96

negative in some regions.

* In the LCC45+ decks:

* Relationships are lower.

 E3SMv1’s relationship compares
better to GOCCP.

LCC45+ Deck: grids in the extended region with LCC > 45%
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The effect of ENSO on the LCC-LTS

* The LTS range where
low clouds exist is
somewhat sensitive to
ENSO in GOCCP.

e E3SMv1 and the other
models produce low
clouds over similar LTS

ranges no matter the
ENSO phase.
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LWP (g m?)

P (mm)

LW

s LWP realistically simulated?

e MODIS LWP decreases
with LTS.
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LCC (% CF)

s there a difference between E3SMv1’s AMIP

and historical (A-O coupled) runs?
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* E3SMv1 historical LCC is similarly simulated to AMIP run in every
LCC45+ deck except NEP.
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summary

 What is the best way to evaluate the models in order to provide new insights for model
physics improvement?
* Model spread is reduced when considering the extended regions or LCC45+ decks
* Despite the displacement of the Sc deck, E3SMv1 produces a reasonably good
stratocumulus deck.
* Models’ displacement of Sc deck is likely caused by the interaction between model
physics and large-scale dynamics.

 What are the new insights that such improved model evaluations provide?
* LTS range from E3SMv1 and the other U.S. models are insensitive to ENSO — likely
caused by errors in the large-scale dynamics

* Model LWP is lower than MODIS, less sensitive to LTS than MODIS; much more
strongly dependent on LCC than MODIS - likely caused by model physics errors

* LCC45+ decks are similarly simulated by the historical runs versus in the AMIP runs
except in the NEP.



Outline

1. barrier layer in the ocean mixed layer
2. marine stratocumulus decks

[3. ocean surface turbulence parameterization J
4. land model parameterization and spinup time
5. Greenland temperature
6. soil moisture-precipitation interactions

“First light” image
released from GOES-R
(GOES-16)
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Turbulence over the ocean surface: implementing an
alternative flux algorithm

In collaboration with Po-Lun Ma (PNNL), we have implemented the Zeng
et al. (1998) method of calculating fluxes over ocean surface.
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Initial assessment suggests changes in hydrologic cycle, surface winds
and net heat flux at surface and TOA (so might require re-tuning E3SM for
use in long coupled model runs). This will be an E3SM V2 effort.

Difference (UA
minus control)
in 5-year annual
mean precip.
rate.

908 L l L ] l I Ll l Ll L l Ll Ll l 1 1 ' 1 1 ] 1 Ll ' 1 T I T L) ' T ) l l ) l I
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Outline

1. barrier layer in the ocean mixed layer
2. marine stratocumulus decks
3. ocean surface turbulence parameterization
[4. land model parameterization and spinup time J
5. Greenland temperature
6. soil moisture-precipitation interactions

“First light” image
released from GOES-R
(GOES-16)
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Supporting the implementation
of elevation classes in ELM V2

* Prepared variable soil thickness over
elevation classes (collaborators: Bill Riley
and Gautam Bisht at LBNL).

* Developed the downscaling method from
atmospheric grid to subgrid elevation
classes for air temperature and humidity,
downward radiation, and surface pressure
(collaborators: Teklu Tesfa (PNNL) and Peter
Thornton (ORNL)

30



Downscaled value

Downscaled value

g

Evaluating downscaling methods

2-m air temperature
Null Ice sheet

240 260 280 300
True value

Downward LW radiation
UA Null ‘ Icg shget .

T T T T T T 1 Al L]
200 800 800 200 400 600 800 200 400 600

True value

* We test downscaling methods

using the 7-km GEOS-5 nature

run over North America for July
15, 2006 at 18Z.

Up to 10 elevation classes are
determined from the high
resolution GEOS-5 grid for 1° x 1°
mean grid cells.

e The downscaled values on the

elevation classes for the
currently-used ice sheet and our
methods are compared to the
null hypothesis of using the grid
cell mean.
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Preliminary testing of UA
downscaling on the ice sheet

elevation classes

* ELM already has elevation classes for grid cells
encompassing ice sheets when MPAS-Land Ice is
active.

* To produce more accurate surface mass balance
required for the ice sheet model.

* The same downscaling will be used on the ice
sheets as for the non-ice covered topographic
units.

* UA (modified) downscaling generally produces
similar differences in surface temperature

between active elevation classes.
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Soil temperature (°C)

Spin-up with variable soil thickness

¥ t——————————————— e Gp0j| temperature spin up much longer than 50 years with
o Amazon (4.8°S, 69°W) - variable soil thickness at locations with deeper soil.
DR TEER o The current cold start temperature starts out with constant
25 " Loy 5 near-freezing temperature which is unrealistic.
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* A viable option is to change the cold start 72
temperature to something more reasonable: 0 —_ T
0 20 40 60

e.g., the annual average 2-m air temperature.

Number of years
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Outline

barrier layer in the ocean mixed layer

2. marine stratocumulus decks

3. ocean surface turbulence parameterization

4. land model parameterization and spinup time
[5. Greenland temperature

6. soil moisture-precipitation interactions

“First light” image
released from GOES-R
(GOES-16)
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Greenland Near-Surface Air Temperature

Based on earlier work (Reeves Eyre and Zeng, 2017, The Cryosphere; UA released a news story:

https://uanews.arizona.edu/story/analysis-figure-out-how-fast-greenland-melting), we use GISTEMP
and MERRA2 to assess E3SM.

o o

i L Note that care must be taken when
2& comparing high resolution (e.g.,
~10 km) regional climate models
with lower resolution global climate
models: the results can depend
strongly on the upscaling/
downscaling approach taken.
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Annual mean temperature bias relative to elevation corrected
GISTEMP+MERRA2: (left) naive downscaling of E3SM; (right)

elevation correction applied to E3SM too. .


https://uanews.arizona.edu/story/analysis-figure-out-how-fast-greenland-melting

Long term temperature variability in E3SM

| I | | l l | | l | ! l

Similar long O - | ———CMIP5 ensemble mean |
term variability % 1 T 220U [
in second half s ol Ha
th il |
of 20t century. Q - E3SM H2 r
o —E3SM H1
- S
Wl” be . S 0.0 - L
Interesting to o : -
' (@8
see if other E 0 [
historical runs @ ! alt
have similar | | | | | |
warming in 1860 1890 1920 1950 1980 2010

1910s/1920s.

Annual mean, areal average temperature anomaly (with 11-year
smoothing): full time series of E3SM H1, last 25 years of H2-H5.
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Long term temperature variability in E3SM

E3SM towards
the warm end
of CMIP5
spread.

Spread among
different
historical runs
Is small
compared to
CMIPS5 spread.
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Year

JJA mean, areal average temperature (with 11-year smoothing):
full time series of E3SM H1, last 25 years of H2-H5. Shading
represents spread of CMIP5 models (min, max and +/- 1 S.D.).



Outline

barrier layer in the ocean mixed layer

marine stratocumulus decks

ocean surface turbulence parameterization
land model parameterization and spinup time

Greenland temperature

soil moisture-precipitation interactions

“First light” image
released from GOES-R
(GOES-16)
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Figure 2. Relationship between the logarithm of precipitation accumulations (mm) from 1100-2300 CST and antecedent
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standardized soil moisture anomalies from 0700-1100 CST over stations across the SGP domain for a) all APEs, b) low

dynamic regime APEs, c) medium regime APEs, and d) high regime APEs. Correlation coefficients (r) significant at p < 0.05
are marked with an asterisk, and n refers to the number of days.
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SM-P Correlations
under Different
Dynamic Regimes

* Negative (positive)
correlation between
seasonal standardized
anomaly of morning SM
with afternoon P
accumulation under low
(high) regime

 When all afternoon P
days taken as a whole, no
statistically significant
relationship between SM
and P
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Table 1
Relationship Between Variables and Accumulated Precipitation Across Regimes

PhySICal Pathways P vs. All Low Medium High
Morning SM Anomaly —0.02 —0.42* —0.06 0.36*
Morning SM 0.11 —0.21 0.09 0.34*
Soil T 0.21* 0.38* 0.25* —0.01
Q 0.27* 0.39* 0.23* 0.08
RH 0.04 —0.02 0.06 0.02
e Under low regime: T 0.20* 0.33* 0.17% 0.04
.y . Net Radiation 0.09 0.16 —0.05 0.15
* positive correlations for s 007 013 004 023
soil T, 2m T, 2m Q, Hliow —0.04 —0.23* ~0.10 0.16
CAPE, and PBLHd/LCLd CAPE 0.21% 0.30% 0.16 0.07
. . PBLHd/LCLd 0.14* 0.31* 0.09 —0.03
. glt\e/lgatlve correlation for i 008 007 002 036*
Note. Correlation coefficients between the logarithm of precipitation accumula-
e Under high regime: tions (mm) from 1100-2300 CST and various quantities for APEs for all, low,
. . medium, and high dynamic regimes. The meaning of variables is provided in
* positive correlation for the text. CAPE, CTP, and Hl,,, are computed from the ~0600 CST sounding,
EF, SM and the PBLHd and LCLd are calculated as the respective differences between

~0600 and ~1200 CST soundings (to capture the diurnal growth of each). Other
variables are averaged from 0700-1100 CST. Correlation coefficients significant
(p < 0.05) are marked with an asterisk.

*CTP: Convective Triggering Potential
@I *Hl\,: Low-level Humidity Index 41




Conclusions

barrier layer in the ocean mixed layer
* Provided earlier

marine stratocumulus decks
* Provided earlier

ocean surface turbulence parameterization
« Ready for further testing in E3SM V2

land model parameterization and spinup time

« Variable soil thickness is ready for E3SM V2;

« downscaling for elevation classes are ready for further testing in E3SM V2;
« suggest a simple approach for land model spinup

Greenland temperature
« E3SMis able to produce the multi-decadal T variability, but it is 4°C too warm

soil moisture-precipitation interactions
« Basis for future global data analysis and model evaluation on precipitation
diurnal cycle

42



