The Role of Land-Atmosphere Coupling in-
Subseasonal Surface Air Temperature Prediction
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Subseasonal Prediction

(a) WEATHER FORECASTS
predictability comes from initial
atmospheric conditions
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S2S PREDICTIONS

predictability comes from initial
atmospheric conditions, monitoring the
land/sea/ice conditions, the stratosphere
and other sources

SEASONAL OUTLOOKS

predictability comes primarily from
sea-surface temperature conditions;
accuracy is dependent on ENSO state
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Daily values
1-10 days
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Weekly averages

10-30 days Monthly or seasonal averages

30-90+ days

FORECAST RANGE
(White et al. 2017)

Prediction skill on longer time
scales can leverage specific
climate phenomena or
conditions for a predictable
signal. These conditions can
provide windows of opportunity
for skillful forecasts.

- Mariotti et al. (2021, BAMS)



Sources of Subseasonal Prediction: Land

AMIP with soil moisture initialization - AMIP

Soil Moisture 2m Temperature [K]

" ]
.25 L —

10
(Koster and Suarez 2003)
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Sources of Subseasonal Prediction: Land

2m Temperature prediction skill
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" Previous studies have improved the soil moisture initialization or found
[ forecasts of opportunity in the initial soil moisture conditions (e.g., Dirmeyer et
al. 2018; Koster and Suarez 2003).
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Forecast lead days (Dirmeyer et al. 2018)
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Land-Atmosphere (L-A) Coupling

{ Soil moisture (SM) | J
/ N

{ Precipitation | J{ Latent heat (LH) | J

L LCL deficit (LCLd) | J { 2m 1 J
N b

{ RH850mb | J

(Molod et al. 2004)
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Land-Atmosphere (L-A) Coupling

{ Soil moisture (SM) | J
N
{ Latent heat (LH) | J

(Molod et al. 2004)
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Land-Atmosphere (L-A) Coupling

{ Soil moisture (SM) | J Scientific Questions:
Z < *Does a strong L-A coupling
increase T2m prediction skill”?
{ Precipitation | J { Latent heat (LH) | J
| ' *Does prediction skill increase
with deeper coupling across
L LCL deficit (LCLd) | J { T2m 1 J multiple metrics?
N b

{ RH850mb | J

(Molod et al. 2004)
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Data and Methods

* Reforecasts in NASA's GEOS-S25-2, initialized from 1999 to 2022 during boreal summer
(June-August).

Reforecast Period Reforecast LG (e Ensemble Size
Frequency Reforecasts

GEOS-5S2S-2 1999-2022 5-day interval

* The anomaly correlation coefficient (ACC) is used to evaluate the prediction skill of 2m
temperature (T2m). It is compared to ERAS data.

teq M(t,7)0(t)

\/Zétlmt, )2 \/Z'Ll 0(t)?

N: Number of reforecasts, O (t): observed T2m anomalies at time ¢,
M (t,7): T2m anomalies of the reforecasts at lead time t

ACC(7) =
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L-A Coupling Metrics

Zens =1 Zr 15(SM,LH’)

: . r(SM,LH) =
{ Soil moisture (SM) | J \/Zgns 3 1551\,1,2\/26713 Y28 [
7 N
{ Precipitation | } { Latent heat (LH) | J r(LH,TS) = ens=1 Xz215(LH'TS")
| | o S LH' [She X217
4 1228 (LH'LCLA’
L LCL deficit (LCLd) | } { T2m 1 J r(LH,LCLd) = 1 2rms( )
ens 12‘%8151'1_1,2 \/Zens 12‘%215L6Ld,2
N 7
{ RH850mb | J When all three indices indicate the strong
L-A coupling based on the 50th percentile,
(Molod et al. 2004) the reforecast is defined as having strong
coupling.
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(a) GEOS S2S-2: r(SM LH)
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(g) GEOS-52S5-2: r(LH LCLd)
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(b) ERAS: r(SM, LH)
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(h) ERA5: r(LH,LCLd)
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(f) MERRAZ r(LH,TS)
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The overall distributions
of maxima and minima in
GEOS-S2S-2 closely
resemble those in ERAS
and MERRAZ2.



Impact of L-A Coupling

-+ on Subseasonal Temperature Prediction Skill

(a) All: 3-4 Weeks (b) Strong: 3-4 Weeks
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65°|$Id) Strong-Weak: 3-4 Weeks

0.27
;0-15 * The prediction skill for
By surface air temperature

i-o. Does a strong L-A coupling
0- increase T2m prediction skill?
Yes!
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Impact of L-A Coupling

-~ on Subseasonal Temperature Prediction Skill
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Does prediction skill increase
with deeper coupling across
multiple metrics?



Impact of L-A Coupling

-~ on Subseasonal Temperature Prediction Skill

0.5 mm Al
B 3Strong

[ 2Strong+1Weak
0.4 = 1Strong+2Weak
B 3Weak

Does prediction skill increase
with deeper coupling across
multiple metrics?

= When the L-A coupling is
deeply connected from the soll
to the free troposphere, the
prediction skill significantly
Increases.
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* Regions experiencing strong L-A coupling tend to exhibit warm and dry
anomalies
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o (a) 3Strong 3 4 WGE|<S (b) 3Weak 3 4 Weeks
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Summary

*\WWhen strong L-A coupling is detected at 3-4 week forecasts, the prediction
skill for 2-m temperature is enhanced across the Midwest and northern
Great Plains at this forecast lead time.

*Regions experiencing strong L-A coupling tend to exhibit warm and dry
anomalies, leading to improved predictions of abnormally warm events.
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Strong 3-4 Weeks Weak 3-4 Weeks Strong- Weak 3 4 Weeks
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Summary

*\WWhen strong L-A coupling is detected at 3-4 week forecasts, the prediction
skill for 2-m temperature is enhanced across the Midwest and northern
Great Plains at this forecast lead time.

*Regions experiencing strong L-A coupling tend to exhibit warm and dry
anomalies, leading to improved predictions of abnormally warm events.

Contact: Yuna Lim (yu-na.lim@nasa.gov)
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