Sensitivity of a Land Surface Model and Soil Moisture Assimilation
System to Bias in the Hydrometeorological Forcing

Aaron. A. Berg® and Jeffrey P. Walker®

3. Depanrment of Ge h

niversity of Guelgh, Ontano, Canada

b :ICDJI‘U'neI'l"C\ and Envronmantal Engineering, The University of Melboumne, Melboume Australia

UNIVERSITY

oGUELPH

1. ABSTRACT 3. RESULTS
At regional to conlinenial scales numerous sludies have demonstraled the impact of realisfic soil meisture
inilializations on the prediction of seasonal to sub-seasonal weather and climate, and sireamflow. To develop Assimilated Root Zone Soil Moisture and Comparisons
realistic estimales of the soil moisture state researchers have focused on the developmeni of appropriale land a) Comelation between the ACNRA
surface models (LSMs), on the development of suitable hydrometeoralogical forcing data sets for use in regional to and the ANRA simulafone
continental LSMs, and on the d F of for assimil satellite soill moislure cbservalions inlo land b} f:::;:n;::{:“:i:;:::riCNm
surface hydrological models. In fhis study we examine ihe sensitivily of a coupled LSM and data assimilation ¢) Comelation between the ACHRA
syslem Lo biases in the meleoralogical fercing for simulations of soil moisiure and runeff over Morih America. Faur and the NRA simulations
simulations ware compleled as par of this sludy. In two simulations Ihe LSM was driven with comected and blased d) RMSE differences between the
versions of the hydremeleocrological forcing. These conlrol simulalions demonsirale impacts of bias in the forcing :&Emﬂ:’:@;;;ﬁum
on LSM simulalions of runoff and soil meisture. In the remaining fwo simulaliens, a data sei of saellite derived soil o) RMSE differences between the
moisture was assimilaled inte Ihe LSM using an exlended Kalman filler approach: identical lo the conirel ACMRA and CNRA simulations
simulations, both correcled and biased versions of the hydrometecralogical forcing were used for driving the LSM. (FMSE | mean)
Maodel errars and the sensilivity of the LSM/iassimilation syslem to forcing bias are evaluated fhrough comparisons : :gﬁi:f::hl";;gs‘:;h\::;:n?.
of runoff and soil moisiure between the four simulations. Further comparisons to observed runoff and soil moisture {RMSE f mean)
demonstrate the importance of the extended Kalman filter for reducing bias in the LSM. The greatest differences between the
ACMHRA and AMRA simulations are
2. METHODS AND DATA observed in regions of high precipitation
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° Simulations Four simulations were completed: oa I I \{ ? ; P p-/}f | 5
o 1) Corrected forcing no assimilation (CNRA) 4 3 e & 7 8 o P Lo
2) Raw tysis forcing no 1 (NRA) 1oz 4 & 4 T B 9 W M 12
3) Cormected "ffltiﬂﬂ with assimilation (AGNRA) Reot zene soil moisture at: a) Southern llinais, b) Northern lllineis, ¢) lowa, and d) New Mexico compared with the
4) Raw farcing with (ANRA) four simulations using the corlecbed (CNRA) am:l raw (MRA) versions of the forcing product with (ACHRA and
ANRA) and without data assimil. btained from the global soil moisture data bank GSMDB
Robock et al. 2000.

Runoff CDITIpaI'iSDI"IS At 41 stream gauge locations across Morlh America, average morthly discharge (1973-
1987) was compared with modeled discharge from the CNRA, NRA, ACNRA, ANRA simulations. In Table 3, we presenl
the percentage of stalions where the soil moisture assimilation runs (ACNRA. ANRA) were in closer agreement to
observalions than Ihe non-assimilaion runs (CHRA, NRA). Parlicularly in fhe case of the ANRA vs. NRA simulations, Ihe
impac! of the soil moisture assimilalion reduced (increased) bias (correlation) across the majority of the gauging localions.
The lecations of the gauging locations are shown below,

Table 3. Percentage of gauging stations where simulations of runoﬁ |mproved (hlgher correlation and
lower RMSE] through i ion of the assi

ACEASCRRA | ACBAZCEA ANRASNRA | ANRA <TA ‘
Correlation (r) RMSE Correlation (1) RMSE
16% 68% 71% 8% |

4. Discussion and Conclusions

--| In Tables 2 and 3 we demonsirale thal in general the soil meislure assimilation improves
the simulation of scil moisture and runoff despite the presence of forcing biases. The
improvements are especially evident in comparisens belween Ihe biased forcing
simulations (NRA vs. ANRA), where the assimilated soil moisture simulation (ANRA) is
closer fo observations (for soll melsture and runeff) than the simulalion eompleled with the
rew NCEPMCAR reanalysis foreing. Less improvement (fo soil meisiure and runcff) was
observed in the assimilalion run using the corected forcing (ACNRA). This resull may be
anticipaled based on the work of Reichle & al. (2004}, which demonsirated Ihal the NASA
CLSM and ihe satellile soil moisture observations show considerable wet bias as compared
| to seil moislure observations from the GSMDB (illustrated on left). In Ihis study,

' assimilalion of soil meisture inlo the CLSM appears to remove some of the biases related

Lt
°z 83 oa to the forcing (AMNRA vs. NRA comparisons), however, in the bias reduced forcing

UG8 e =t 1 I g ations (ACNRUA vs. CMRA) errors in the SMMR soil moisture observations begin to

Comparisans between e SMMEA satslne

obigrval ond and g CLEW W salrasnre  mpact Ihe model resulls increasing model bias, parlicularty fer the simulaiien of runeff.
observatons frem Felcho et &, 2004)
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