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To what extent does a land surface model’s 
design, all by itself, affect hydrological 
forecast skill, regardless of how good the 
meteorological forecasts are?

That is, can we improve 
hydrological forecast skill 
by optimizing the LSM 
itself?
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Approach: Examine problem with a “bare bones” representation of 
a land surface model.
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Bare-bones representation: based on 
water balance equation
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We can impose 
simple relationships 
between W and 
both E and Q:
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a Replace 

with 

7

E/Rnet = FE(W)

Q/P = FQ(W)

This, in a nutshell, is the bare-bones representation. 
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-- Calibrate curves to the behavior of a full LSM (the Catchment LSM, part 
of the MERRA-2 reanalysis) using data from 1980-1998.

-- Run the bare-bones model over 1999-2020

-- Compare the simulated hydrology to that of the full Catchment LSM, as 
produced in MERRA-2 during that latter period 

a Nice agreement!
(not shown here due to time constraints, but see doi:10.1175/JHM-D-22-0050.1)

YES!
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But – are the calibrated curves optimal?

Recalibrate curves during the 1980-1998 period using observed 
streamflow as the calibration target  a get a different set of curves. 

Hypothesize: if the 
land model’s curves 
looked more like 
Nature’s curves, it 
would perform better 
in a forecast model 
setting. 
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With these sets of curves in place, do a forecast analysis

Compare warm season (May – September) subseasonal forecasts of 
streamflow and soil moisture (at 11-20 day lead) to in-situ 
observations at a collection of measurement sites across the 
continental US:

For full details on experimental 
design and more results, see:
doi:10.1175/JHM-D-22-0050.1
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Skill (R2 vs obs.) 
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meteorological 
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with observed forcing.
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An LSM’s relationships may be sub-
optimal.

Calibrating the LSM’s parameterizations 
to bring the relationships more in line 
with “Nature’s curves” should lead to 
improved performance in subseasonal 
hydrological forecasting.

Implications of all this:

As illustrated here and in past work, an LSM’s implicit E/Rnet vs. W and 
Q/P vs. W relationships control, to first order, its hydrological behavior. 

Again, see:
doi:10.1175/JHM-D-22-0050.1
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High anomaly correlations between 
the bare-bones representation (the 
“WBM”) and the full Catchment 
LSM as used in MERRA-2

Sample time series comparisons

The bare-bones 
representation does
capture the hydrological 
behavior of the full LSM!
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Again, hypothesize: 
If met forecast is 
the same, the 
hydrological 
forecast skill here 
should be higher
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The bare-bones 
representation 
fit to Nature 
again works 
best!
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