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Ultimate Goal: Operationally obtain high quality land surface conditions and fluxes.
*Optimal integration of land surface observations and predictions.
i «Continuous in time & space; local to global scales; retrospective, real-time, and forecasts.

Contributions:
l-_ »ADDA Fields: 4DDA process and new merged data fields useful for research (process
“understanding), applications (floods/agriculture/drought), and weather/climate prediction.
sModel refinement: Constant confrontation with observations will force model improvements.
sForecast improvement: Better initial conditions and improved models, predictions of weather,
climate, and hydrologic phenomena on various timescales will improve.
Observation needs: Define characteristics of most important observations, establish observation

h‘ error criteria.

Components:
*Observation: Land surface forcing, storages(states),
fluxes, and parameters (calibration).
«Simulation: Land system process models (Hydrology,
Biogeochemistry, etc.).
Assimilation: Short-term state constraints=Energy
and Water Storage (Temperature, Snow, Soil Moisture).
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Background: Land Surface Modelin

Land Surface Prediction: Accurate land model prediction is essential to enable data assimilation methods to
propagate or extend scarce observations in time and space. Based on water and energy balance.

i Input - Output = Storage Change Dominant land surface horizontal processes:

P + Gin —-(Q + ET + Gout) = AS
Rn-G=Le+H

Groundwater movement

Horizontal temperature/water diffusion/advection

*Runoff
Reflected Assume 1-D Physics at mesoscales (greater than 100m)
‘"a“”;{ «Gravity and gradient driven water & energy movement

B it/ *Horizontal processes very weak
-3 *Observed horizontal correlations related to forcing
|ntercegﬁo'H“Resé =
,..~;: :",,; {’" ; *Perturbation in state will not change neighbor
Ramifications of 1-D assumption:

»1-D (vertical) assimilation very cheap

No account for horizontal correlation in observation/model

No “advection” of observation information horizontally
Land observations mostly at surface

Surface skin temperature, soil moisture

*SNOw cover

\Want to retrieve full root-zone profile; longer memory states
Nonlinear Processes

Freeze/Thaw, Infiltration, Interception, Snow Cover, Leaf Fall

«Difficult to linearize, derive adjoint, etc.
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il

Data Assimilation merges observations & model predictions to provide a superior state estimate.
Remotely-sensed hydrologic state or storage observations (temperature, snow, soil moisture) are integrated intoa
hydrologic model to improve prediction, produce research-quality data sets, and to enhance understanding.

Soil Moisture Assimilation Snow Cover Assimilation Theory Development
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Regional Scale: Walnut Gulch (Monsoon 90
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Soil Moisture Profile Correction
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Soil Moisture Observation Error and Resolution Sensitivity:
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Twin St
4

“Truth” from one model is assimilated into a second model with a biased parameterization
~ +The “truth” twin can be treated as a perfect observation to help illustrate conceptual problems
beyond the assimilation procedure.
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We must not only worry
about obtaining an
optimal model constraint,
but also understand the
iImplications of that
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Averaged soil moisture plot from 17 sites (SMEX03-Georgia) over AMSR-E 1/4 degree
grid. Noah (10 cm and 5 cm layer SM), CLM (4.5 cm layer, layer 1+ layer 2), SCAN
(Just one station, 5 cm), AMSR-E (2 cm layer), SMEXO03 (6 cm layer).
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Assimilation of AMSR-E Land Products into the NOAH LSM

Noah Model (no assimilation) Unscaled AMSR-E Soil Moisture
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Bias_correction comparison

RMSE

Model error = Noah model
forecast - AMSR_E retrieval

RMSE (/%)
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Soil Moisture (% vol/vol)
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SCAN NOAH NOAH CLM CLM SSiB AMSR-E AMSR-E LSMEM
SM (%) 10 cm 2cm SM 5cm SM 2cm SM 2cm SM SM (%) SM (modified) SM (%)
SM (%) (%) (%) (%) (%) (%)
Mean 7.3778 20.2341 19.5564 10.9128 6.3228 22.5548 13.3272 7.3778 8.416
Standard Deviation 3.4093 3.3114 | 3.6245 5.3042 6.8852 6.0300 1.4467 3.4093 3.183
Range 0- 13.3672- | 10.6563- 6.2920- 1.3677- 13.9912- 10.4 - 0.48 - 18.63 4-18
16.0900 30.9001 334711 28.5757 28.1826 39.3903 18.1
Correlation Coefficient 1.00 0.5721 0.5136 0.4681 0.4388 0.4079 0.3838 0.3838 0.59
1 (w.r.t. SCAN SM)

1 11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181



Snow Assimilation: Background & Motivation

* Inthe northern hemisphere the snow cover ranges from 7% to 40% during the annual cycle.
» The high albedo, low thermal conductivity and large spatial/temporal variability impact energy/water budgets.

»  Sno/bare soil interfaces cause wind circulations.

«  Direct replacement does not account for model bias.

ique Snow Data Assimilation Considerations:
— +“Dissappearing” layers and states

*Arbitrary redistribution of mass between layers
sLack of information in SWE about snow density or depth | |
sLack of information in snow cover about snow mass & depth = e |
*Biased forcing causing divergence between analysis steps R N
'T'ﬁ'-OBSERVATIONS: Snow Cover, Snow Water Equiv., Tskin, Snow Fraction
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« Excessive melting and replenishment of snow in experimental runs similar to
that in the EDAS data
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Snow Data Assimilation: Impact of bias

Assimilation Flux (kg/m?) Sep 1998 to Aug 1999, Temp+1° ssimilation Flux (kg/m?) Sep 1998 to Aug 1999,
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Snow Data Assimilation: Correcting Impact of bias

Snowmelt adjustment (SMA) uses observed depth change to limit melt or accumulation
A33|m|Iat|on Flux as % of Total PreC|p|tat|on 9/98 to 8/99, Tmp+1° Assimilation Flux as % of Total PreC|p|tat|on 9/98 to 8/99, Tmp+1o SMA
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Data Assimilation: T. Assimilation Results 4 ﬁg

DAO-PSAS Assimilation of ISCCP (IR
based) Surface Skin Temperature into a
!,_global 2 degree uncoupled land model.

JJA 1992 Skin Temperature (K)

Model — Obs
Bias = 2.1570; SD = 3.592
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Surface temperature has very little memory
or inertia, so without a continuous correction, it
tends drift toward the control case very quickly.
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Data Assimilation: T. Assimilation Results

SON 1992 Skin Temperature (K) SON 1992 Sensible Heat Flux (Wm™)
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Land Surface Data Assimilation: Summa

Progress:

*Soil moisture, skin temperature, and snow assimilation have been demonstrated. e

e, *Evapotranspiration, runoff, groundwater (gravity), and carbon assimilation are underway

. Lessons Learned:
- *\We need to pay attention to the consequences of assimilation, not just the optimum assimilation

technique. i.e. does the model do silly things as a result of assimilation, as in snow assimilation
~ example.
~ sLand model physics can be biased, leading to incorrect fluxes, given correct states.
Most land observations are only available at the surface, meaning that biased differences in
surface observations and predictions can be improperly propagated to depth.
‘ *Assimilation does not always make everything in the model better. In the case of skin temperature
assimilation into an uncoupled model, biased air temperatures caused unreasonable near surface
gradients to occur using assimilation that lead to questionable surface fluxes.

Near Future Directions:
*Methods to address simultaneous model and observation bias.
*New observations (SMOS, Aquarius, SMAP, etc.).
*Coupled Assimilation (to avoid uncoupled biases).
*Mass/Energy conserving data assimilation techniques?
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