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Atmospheric response to soil-moisture depletion
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Motivation (Lhise
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* Land-atmosphere coupling “hotspots” identified in idealised
experiments (i.e. GLACE: Koster et al. 2004, Teng et al., 2019) and
diagnostic analyses (e.g. Dirmeyer 2011).

* Prognostic approaches have been used to quantify sensitivity to land-
initial conditions in seasonal forecasts (e.g. Materia et al. 2014;
Prodhomme et al. 2016; Ardilouze et al. 2017)

* In this study we take a diagnostic approach to:

1. ldentify where we should expect skill in soil-moisture and related impact on
the atmosphere

2. Investigate links between soil-moisture atmosphere coupling and hindcast
skill

3. Investigate the causes of errors in land-atmosphere coupling strength.
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Datasets (Lhise
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 JJA Seasonal forecasts: 15t May forecasts for 7 (out of 9) systems
contributing to the Copernicus Climate Change Service Multi-Model
system (NCEP and JMA don’t submit soil moisture).

* Observational data:
e Berkeley Earth Surface Temperatures (BEST)
* Global Precipitation Climatology Project (GPCP)

e Global Land Evaporation Amsterdam Model (GLEAMv3.7) root-zone soil
moisture and evaporation

 ECWMF reanalysis (ERA5/ERA5-land) for everything else.

Climate
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Soil-moisture lagged correlation (Lhise
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Similar to regions identified by Seneviratne et al. 2006
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Soil moisture anomaly correlation (Lhise
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BBl |dentifying predictable regions &@rice
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Link between 2m-temperature CRPSS
and coupling strength bias
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38 C3S models generally overestimate
B Coup"ng

Metric from Lorenz et al., 2015/Dirmeyer et al. 2014 :

Lnise

Isp—t2m = 0(t2m)p(SM> E)p(E» t2m)
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Coupling Strength
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Example: wet summers in West USA &nise
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a) GLEAM anomaly
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&=l Sojl-moisture atmosphere coupling @vice
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The areal extent of the SM limited regime is m »

Isy-g = 0(E)p(SM'E)
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Coupling errors linked to model bias
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C3S multi-model mean bias
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See also Ardilouze et al., (2019; WAF) and Lin et al., (2017; Nat Comms.)



Conclusions and Implications @rice
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1. We have identified Western USA and Eurasian Plain as a regions of high potential
predictability (of T2m) over land in JJA based on 2-legged coupling diagnostics of Dirmeyer
2011 and soil-moisture persistence.

2. Models show relatively high T2m skill in these regions, but models exhibit land-atmosphere

coupling in regions not supported by reanalyses (particularly Eastern half of the USA,
Eastern Europe and Northern India).

3. Biases inthe coupling strength in these regions go hand in hand with negative CRPSS values
(worse than climatology).

4. Improved soil-moisture atmosphere coupling can significantly improve the skill of seasonal
forecasts.

5. We need to know the causes: climate, vegetation, soil type,...

6. Isthis anissue in medium-range or sub-seasonal forecasts too?
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Impact of spring soil-moisture on summer m@@
(JJA) anomalies (dry-wet years) =
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38 Soil-moisture initial conditions (Dry-Wet
i VA rs)
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Impact of time varying land properties on seasonal reforecasts
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Figure: June-to-August 2003 seasonal mean 2m temperature over Europe: (a) ERA5 anomaly and (b) difference between
LAI+LULC and CONTROL experiments. Also plotted in (c) is the Leaf Area Index anomaly.
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Figure: Same as above, but for 2010.
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Lagged Maximum covariance @rice

Z,p0at time t and 1m soil moisture, SM, , at time t+T and t are

expanded into K orthogonal signals:
K

Zy00(x, t) = Up (x)ay (t)
k=1,
SMlm(X,t‘l‘T) — kak(t‘l‘T)
k=1
where the covariance between a,(t) and b, (t 1 t) is the kth singular
value of the covariance matrix between SM and Z200, decreasing for
increasing k



Obs Lagged maximum-covariance
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