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* In MERRA-2, observed precipitation is inserted in place of
model-generated precipitation at the land surface [1,2].

* The use of observed precipitation was originally developed
for MERRA-Land (a land-only replay of MERRA with
model-generated precipitation replaced with observations)

* Previously shown that the land hydrology in MERRA-2 and
MERRA-Land is better than MERRA [3].

* \We test whether the improved land surface hydrology In
MERRA-2 leads to the expected improvements in the land
surface energy fluxes and 2 m air temperatures (T2™).

Sensitivity to observed precip. in MERRA-2

1. SenS|t|V|ty of Latent Heat (LH) to soill moisture

* High values (red): LH is
moisture-limited (sensitive
to soil moisture). This Is
where LH responds most to
the improved precipitation.

| | , . * Low values: LH Is energy-
Fig 1: MERRA-2 JJIA Rzanom(son moisture, LH).  [imited.

2. Sensitivity of daily max. T2m to preC|p|tat|on
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Fig 2: MERRA-2 JIA R?, .m(@ntecedent o This IS the Sensitivity of the
precip., T°M) for model-generated and obs.- MERRA-2 T2M to the

corrected precip. See [4] for detalils. e
observed precipitation.
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Fig 3: Difference: left lower — left upper plots.

LH anomaly correlations (R_,,m)
'MERRA-2 vs. GLEAM

I\/IERRA 2 Vs. MTE

Flg 4: JJALH R, ., between different
combinations of reanalyses and reference
data sets.

» Broad similarity of R, spatial patterns vs. GLEAM (left)
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and MTE (right), with GLEAM showing stronger agreement.

* The R, are low, likely due to errors in the reanalyses and
reference data.

* Agreement Is generally better where LH IS moisture-limited.
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Fig 5: Mean R, ., for LH (left) and SH (right) vs. Fluxnet-2015 tower obs., MTE, and
GLEAM, averaged across 20 Fluxnet-2015 sites (bars), and averaged globally (circles).

Similar results from each reference data set: MERRA-2 and
MERRA-Land higher than MERRA, ERA-Interim is highest.
MERRA-Land SH R, IS lower than for MERRA.

GLEAM: Global Land Evaporation Amsterdam Model [5]

MTE: Fluxnet-Model Tree Ensembles [6]

Fluxnet-2015 (http://fluxnet.fluxdata.org/data/fluxnet2015-dataset/)
CRU: Climatic Research Unit [7]
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» Comparison of LH biases
vs. GLEAM (Fig 8.) and vs.
MTE (not shown) suggest

Wy - similar patterns of bias.

=5, « MERRA-2 has large
| positive biases (> 20 W/m?)
where LH is energy-limited
(hence relatively Insensitive
to soil moisture/antecedent
precip). MERRA shows
similar results.

» Biases are reduced In

MERRA-Land almost

everywhere
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Fig 7: Bias between reanalyses and
GLEAM LH (W/m?2).

e T2m R_ . overall increased.
Compare to Fig 3: where
T2™ is most sensitive to
observed precip. the change
in T?™ R, . is often large
(but not always positive).
Also large improvements In
many Insensitive regions:
likely due to other system

Conclusions upgrades.

 [tis difficult to evaluate surface energy fluxes, as there is
no globally recognized truth

» Comparison to multiple reference data sets (globally:
GLEAM, MTE, locally: Fluxnet-2015) suggests the same
conclusions: MERRA-2 has improved LH and SH (bias
and R.,,) compared to MERRA, while MERRA-Land has
Improved LH, but degraded SH (is replacing precipitation
In an offline system generating an inconsistency?)

» However, the greatest uncertainties in LH occur In energy-
limited regions, where LH is much less sensitive to soil
moisture/precipitation.
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Fig 8: MERRA-2 R, Vs. CRU —
MERRAR, . vs. CRU.
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