Report on the project 
‘Parameterization of SAC-SMA model specifically for dry basins’
Part I: Derivation of Climate adjustment relationships
Victor Koren

1.
Introduction: statement of the problem

Climate adjustment.
Earlier work on the data assimilation/calibration project for the West Gulf region showed some potential for the improvement of a priori parameter estimation in that region. A few calibrated parameters specifically UZTWM display considerable correlation (R = 0.64) with a climate index defined as the ratio of annual precipitation, P, to annual potential evaporation demand (PE). PE was estimated as the surface water evaporation adjusted by vegetation greenness factor (Koren et al., 1998). CONUS grids of these variables are available. Annual precipitation over each study basin was estimated from NEXRAD hourly grids as an average for the calibration period 1997 – 2002. An example of UZTWM parameter relationship for 13 West Gulf basins is shown in Fig. 1. A regression equation of this relationship is:
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(1) 

where UZTWMpriori is a priori estimate from soils data.
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Figure 1. Dependency of UZTWM parameter on the climate index P/PE estimated from the calibration data set.

All other parameters might be adjusted using basic equations from Koren et al. (2002) and adjusted upper zone depth, Zup,adj, based on the upper zone capacity from equation (1):
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(2)
e.g., the lower zone tension water capacity relationship will be:


[image: image4.wmf]up

adj

up

priori

adj

Z

Z

Z

Z

LZTWM

LZTWM

-

-

=

max

,

max

*

,





(3)
Zmax and Zup are a priori estimates of the total and upper zone depths.

This analysis was performed on a lumped approach using basin-averaged parameters. However, the main goal is to generate the nation-wide adjusted a priori grids. In this case a commonly used climatologic data of precipitation need to be used, e.g., PRIZM grids, that can make problem. PRIZM annual precipitation climate for study basins was very different from precipitation ‘climate’ used in the analysis because of different time periods and data sources. As a result, equations (1)-(3) could not be used in generation adjusted a priori grids. Another consideration was a small set of the study basins. To reduce these problems, a climate index was estimated using PRIZM data. Also, study basins were extended over the Oklahoma mesonet that coincide with comprehensive soil moisture measurement network.
Percolation parameter.
Another consideration is ZPERC parameter. From the SAC-HT definition, percolation parameter can be estimated using known maximum percolation rate, Imax:
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(4)
where Io = LZFSM*LZSK + LZFPM*LZPK is the base flow from the lower zone.
The original version of a priori ZPERC parameter definition is based on the assumption that the maximum percolation rate equals the maximum contents of the lower layer storages released per some time interval (Koren, et al., 2002):
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(5)
However, it is not clear what kind of time interval to use in (4). In the original version, 24 hours time interval was used. While this approach produces reasonable results in some areas, ZPERC values are often much lower than manually calibrated values. 
To improve a priori ZPERC parameter estimation, this study utilizes Darcy infiltration theory. It is assumed that water losses at the maximum percolation rate occur till Darcy-type infiltration curve riches the maximum of curvature during recession. 
From the SAC-HT definition, the maximum infiltration rate from the upper layer occurs when upper layer is filled and lower layer is empty. So, the Darcy-type percolation rate, I(t), under these conditions can be drawn:
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(6)

Ks is the hydraulic conductivity at the saturation, H is the capillary water potential in the lower zone, Zup is the SAC-HT upper layer thickness, θs,up and θwlt,up are the upper layer soil moisture content at saturation and wilting point respectively, L(t) is a thickness of the infiltration column in the lower soil layer. 
On the other hand, one can write down the water balance for a soil element dL:
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(7)
where D is the soil moisture deficit, and dt is the time interval. Combining (6) and (7) one can estimate the rate of movement of the infiltration column:
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(8)    

Under maximum percolation conditions, soil moisture deficit equals soil saturation, and it is possible to integrate Eq. (8):
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Eq. (9) can be simplified for the practical use. The ratio L(t)/B usually less than 2 that leads to approximate equality of
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(10)
Combination of (9), (10), and (6) leads to the percolation equation as a function of time:
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(11)
The curvature of this function (needed to estimate the defined earlier time of maximum infiltration) equals:
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(12)
A time of the maximum curvature of the infiltration function can be found by equalizing (12) to zero:
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(13)
Soil moisture deficit D is replaced by the potential soil moisture content of the lower zone reduced by the wilting point. 

Then the potential maximum percolation can be estimated substitution of tmax in Eq. (11):


[image: image16.wmf]max

,

,

,

,

max

max

)

](

(

[

2

t

Z

H

K

t

K

I

lo

wlt

lo

s

up

wlt

up

s

up

s

s

q

q

q

q

-

-

+

+

=




(14)
Then Eq. (4) can be used for estimation of a priori ZPERC parameter by substituting Imax from (14) instead of (5).
This approach requires an additional soil property, the capillary water potential H. Rawl’s (Maidment, 1993) field data was used in this study. Max-min interval averages from Rawl’s data for each soil type assumed to be representative for that texture class.

	Texture class
	Minimum H, mm
	Maximum H, mm
	Average, mm

	Sand
	10
	254
	130

	Loamy sand
	10
	280
	150

	Sandy loam
	30
	450
	240

	Silt loam
	30
	950
	490

	Silt
	
	
	550*

	Loam
	10
	590
	300

	Sandy clay loam
	40
	1080
	610

	Silt clay loam
	60
	1310
	680

	Clay loam
	50
	910
	480

	Sandy clay
	40
	1400
	710

	Silt clay
	60
	1390
	730

	Clay
	64
	1560
	810


* Estimated using Rawl’s simplified equation (Maidment, 1993)
Some uncertainty may arise when Eq. (14) is applied to non-uniform soil profile when the hydraulic conductivity significantly differs in the upper and lower SAC-HT zones. Logically, the minimum hydraulic conductivity is more suitable for the use in Eq. (14). However, spatial and vertical soil heterogeneity may affect considerably on the infiltration process. Some kind of combination of two zone properties may perform better. We tested three possible options of the hydraulic conductivity estimation: 1) use hydraulic conductivity of the lower zone, 2) use the minimum hydraulic conductivity of two zones, and 3) use an average hydraulic conductivity of two zones if the upper zone conductivity is lees than the lower zone conductivity. Results of these tests are shown in Fig. 2 for two cases of the upper zone hydraulic conductivity: light soil (loamy sand), Fig. 2a, and heavy soil (clay), Fig. 2b. The ZPERC parameter is estimated and plotted for all soil types of the lower zone. The original a priori ZPERC parameter is also shown in Fig. 2. As can be expected, ZPERC values estimated using an average hydraulic conductivity (case 3) are between other two cases, the lower zone hydraulic conductivity (case 1) and the minimum hydraulic conductivity (case 2). The case 3 option was used as basic option in all following simulations. 
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Figure 2. Comparing ZPERC parameter calculated using different estimates of the hydraulic conductivity: lower zone value (new_Ksat_LZ), minimum value of upper and lower zones (new_Ksat_MIN), and averaged value (new_Ksat_AVG). Original a priori values are also shown (old_priori). 

CONUS-wide grids of original and new ZPERC parameter are shown in Fig. 3. The new grid overall has higher percolation parameter values. The biggest differences associated areas with very light sandy soils distributed over the entire profile. 
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Figure 3. Original (top) and new (bottom) a priori ZPERC parameter. 
Comparison of an old and new a priori ZPERC parameters averaged over a number of basins is shown in Fig. 4. Calibrated ZPERC values are also shown in this plot. It can be seen that the new estimates follow much better calibrated ZPERC values than the old one although significant deviation can be observed for few basins. The old ZPERC estimates are usually much smaller than calibrated, and do not follow at all calibrated parameter pattern. Statistics for runoff and soil moisture simulated using old and new ZPERC parameters can be seen in Table 1. Results from 75 basins in Oklahoma region were used in this analysis.

[image: image19.emf]0

100

200

300

400

500

7154500 7300500 7303400 7148400 7326000 7311000 7311500 7153000 7177500 BLUO2 7191000TIFM7 7247500 WTTO2

TALO2

ELDO2 7247250

ZPERC

calibrated

new_Ksat_AVG

old_priori


Figure 4. Calibrated and a priori ZPERC parameters for a number of Oklahoma region basins

Table 1. Runoff and soil moisture statistics from simulations using old and new ZPERC.

	Variable
	STDobs
	STDsim
	RMSE
	Bias
	R

	Old ZPERC

	Daily runoff
	1.503
	1.817
	1.218
	0.105
	0.714

	5-day runoff
	1.085
	1.220
	0.719
	0.105
	0.790

	10-day runoff
	0.916
	0.984
	0.558
	0.105
	0.820

	0-25 SM
	0.125
	0.148
	0.114
	-0.022
	0.776

	25-75 SM
	0.116
	0.140
	0.132
	-0.050
	0.747

	New ZPERC

	Daily runoff
	1.503
	1.574
	1.068
	0.078
	0.721

	5-day runoff
	1.085
	1.095
	0.644
	0.078
	0.794

	10-day runoff
	0.916
	0.904
	0.506
	0.078
	0.822

	0-25 SM
	0.125
	0.147
	0.112
	-0.021
	0.781

	25-75 SM
	0.116
	0.149
	0.134
	-0.018
	0.748


Overall statistics of runoff and soil moisture are better when the new a priori ZPERC parameter was used. 

2.
Extended analysis of the potential for climate adjustment to soil-based a priori parameters
More than 50 watersheds were selected in the Oklahoma region. Basin average a priori parameters including the new version of ZPERC parameter and input data (PE in addition to precipitation) were estimated by simple averaging of HRAP pixels located inside each basin. About half basins used in the calibration and rest considered as a test set. Similar to the previous analysis calibration and tests were performed in the lumped mode. 
2.1.
Climate index
PRIZM-based climate index is used in this analysis instead of NEXRAD calibration data set period. There is a wide range of the climate index in the region, from very dry basins with P/PE=0.60 to rather wet basins with P/PE=1.25. As one can expect, this region has a clear dependency of the index from the longitude, Fig.5. 
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Figure 5. Relationship between climate index and Longitude for Oklahoma region.

As mentioned above, PRIZM-based index can deviate from NEXRAD-based index that can lead to a problem with establishing parameter-index relationship. Fig. 6 is a plot similar to Fig. 1 plot but NEXRAD-based index replaced by PRIZM-based index. It can be seen that there is no any correlation (R=0.04) when PRIZM-based index is used in Fig. 5. Another problem with P/PE index is that PE data have large uncertainty because it is not measured [image: image29.emf]b) Upper zone is clay
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Figure 5. Calibrated UZTWM parameter vs. climate index estimated from PRIZM precipitation.

In extended analysis, a new climate index is added: annual average vegetation greenness fraction which calculated from NESDIS monthly data set (Gutman et al., 1995). This index is more consistent because it does not depend on the calibration data set (period) and does not require potential evaporation data. It also correlates well (R=0.94) with the P/PE index, Fig. 6.     
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Figure 6. Relationship between two climate indexes: annual greenness fraction, 

Gavg, and P/PE ratio.

2.2.
Study basins and data
Study basins with their location and some basic properties are listed in Appendix 1. First 25 basins were used in calibration process, and rest 32 basins were used for test purposes. There is a clear dependency of annual runoff on the climate index, Fig. 7. As can be seen, a number of basins are very dry with a runoff coefficient close to zero.
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Figure 7. Runoff dependency on the climate index for the Oklahoma region
A priori soil-based SAC-SMA parameter grids over the coterminous USA (Koren et al., 2004) were used without any adjustment to Oklahoma Mesonet soil properties. Rough estimates of channel and hillslope routing parameters from Koren et al. (2004) were applied to generate hydrographs at the selected watershed outlets. To match the soil moisture measurement layers, SAC-HT soil moisture contents at variable layers were recalculated into soil moisture at measurement soil layers. 
Hourly NEXRAD precipitation for the period from 1996 till 2003 used to drive SAC-HT model. Climatological monthly potential evaporation demand, estimated as a product of the surface water evaporation and vegetation adjustment factor (Koren et al., 1998), was averaged over each basin. USGS daily discharges were used in calibration and verification.
The test region has a unique soil moisture data collection network, the Oklahoma Mesonet. The Oklahoma Mesonet provides real-time data including soil moisture measurements at four depths (5, 25, 60, and 75 cm) from more than 100 sites since 1997. However, only 64 sites provide measurements at all four depths. All sites are equipped with heat dissipation soil moisture sensors which measure the temperature change of a heat pulse (Brock et al., 1995). In this study, the soil moisture database generated by Koren et al. (2006) was used. All analyses were performed with daily soil moisture saturation, SR, (Koren et al., 2006) for the period 1 January 1997 to 31 December 2002. Weighted averages of soil moisture over two soil layers: the top 0–25 cm layer and the deeper 25–75 cm layer were compared with model simulated values. For each layer, point saturation ratio values are interpolated to 4 km grid cells for the entire Oklahoma state using an inverse distance weighting method. Weights are computed on a daily basis depending on station locations with available data at a given day. Later, the gridded daily maps of SR have been used to generate time series of basin average soil moisture saturation. 

A priori soil-based SAC-SMA parameter grids over the coterminous USA (Koren et al., 2004) were used without any adjustment to Oklahoma Mesonet soil properties. Rough estimates of channel and hillslope routing parameters from Koren et al. (2004) were applied to generate hydrographs at the selected watershed outlets. To match the soil moisture measurement layers, SAC-HT soil moisture contents at variable layers were recalculated into soil moisture at measurement soil layers. 
2.3.
Analyses performed

The main goal of this project is the SAC-SMA a priori parameter adjustment to improve simulations of low frequency flow components specifically overall water balance. A priori SAC-SMA parameters were derived mostly using soil properties. Climatology variables did not accounted explicitly. Some studies, e.g. Duan et al. (2000), suggest that climatology variables such as annual precipitation, potential evaporation effect considerably on the available soil water capacity. Available water capacity is critical parameter in many hydrological models. Also, it is expected that the adjustment can be applied over CONUS or, at least, over a large region. It means that a final adjustment rules should not relay only on a single basin calibration, but rather on some regionalization approaches. Following these considerations, few step analyses were performed.
2.3.1.
Climate adjustment to potential evaporation demand

The main goal of these tests was removal of potential biases in monthly climatological evaporation demands (PED) without changing other SAC-HT parameters. Climate adjustment was applied to vegetation adjustment parameter (PEadj) that accounts for effect of vegetation on the surface water evaporation. Calibration criterion was defined to better fit low frequency components of runoff (monthly and overall bias) and soil moisture (monthly at two soil layers):
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(15)
δQ, δsmup, δsmlo are root mean square errors of monthly runoff, overall volume, and upper and lower soil moisture saturation respectively, νQ is a relative runoff volume bias estimated from initial parameters run and kept constant during calibration, and σQ, σsmup, σsmlo are standard deviations of monthly discharge, and upper and lower soil moisture saturations respectively. 

Calibration was performed on a single basin and multi-basin performance. In a single basin calibration, three parameters of a priori relationship of monthly evaporation adjustment (PEadj,i) factor and monthly greenness fraction, Gi, were calibrated:
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(16)   

a,b,m are calibrated parameters; their a priori values are 1.144, 0.202, 1.0 respectively. 
The main objective was to analyze if there was a trend in relationship between adjustment parameters and climate index.
In a multi-basin calibration, additional tests were performed with a climate index included directly into the calibration process. Annual average greenness (Gavg) was used as a climate index in these tests. Corrected monthly adjustment factors calculated as:
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(17)
c, d, n are calibrated parameters. A priori parameters of relationship (16) were kept constant. Criterion (15) was cumulated for all calibrated basins, and error variables were normalized by the standard deviation of respective variable:
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(18)
N is the number of calibrated basins, or
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2.3.2. Adjustment of selected SAC-HT parameters
In these tests a few SAC-HT parameters responsible for the water balance were calibrated. As follows from the model definition, upper and lower tension water capacities, UZTWM and LZTWM, are responsible for the overall water balance. Few other parameters, e.g., the lower zone free water capacities, LZFSM and LZFPM, were also calibrated in some tests. To get a regional adjustment, multi-basin calibration was used with criterion (18). Each selected parameter was adjusted using multiplication option similar to Eq. (17).
3.
Simulation results   

3.1.
Potential evaporation adjustment              

Single basin calibration results.  Fig. 8 is a plot of PEadj values for a few basins calculated using relationship (16) parameters obtained from a single basin calibration. A priori values are also plotted. As can be seen from the figure, calibration adjusted values display clear dependency on the climate index unlike a priori estimates. Simulation statistics (monthly runoff, overall runoff bias, upper and lower layer soil moisture) are improved for the most basins. Biggest improvement (73%) achieved for the overall 
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Figure 8. Dependency of PEadj fraction on climate index, Gavg, and monthly greenness: results from a single basin calibration of a priori relationship (16). A priori values for the same basins are shown as solid symbols.
runoff bias. However, while there is a slight declining trend in parameter a of relationship (16) with reducing a climate index, no correlation at all for two other parameters, see Fig. 9. As a result, it is impossible to regionalize the climate dependency of potential evaporation adjustment from this calibration. Model sensitivity to data uncertainty as well as SAC-HT parameter uncertainty can cause this inability to get consistent adjustment parameters. 
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Figure 9. Calibration adjusted parameters (a, b, m) of a priori relationship between PEadj parameter and climate index Gavg: single basin calibration
Multi-basin calibration results.  One of the possibilities to reduce the effect of data uncertainty is to run calibration in the multi-basin mode. 
First calibration test was performed on parameters of the same relationship (16) without the use of any climate index. Second test was performed with the use of a climate index effect applied to a priori PE adjustment factor (relationship (16)). Only parameters c, d, n of (17) were calibrated but a priori values of a, b, m were kept constant. Fig. 10 is a plot of a priori and calibrated relationship (16) from the first test. Calibrated parameters were 
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Figure 10. Comparison PEadj estimated from a priori and adjusted relationship (16).

very close to a priori parameters (1.04, 0.27, 0.87 compared to 1.144, 0.202, 1.0 respectively). Relationship (16) with calibrated parameters displays some nonlinearity with slight increased PEadj values at dry end, and practically no change at the wet end. 

[image: image37.emf]0.6

0.8

1

1.2

0.20 0.40 0.60 0.80

Gavg

m parameter


Figure 11. PEadj dependency on monthly greenness fraction and climate index, Gavg, estimated from multi-basin calibrated relationships (16) and (17). Open circles are monthly PEadj from single basin calibration. 

Although calibration with the use of the climate index added three new parameters (c=0.753, d=0.105 and n=0.361), only minor improvement in runoff bias comparing to the first case was achieved (about 2%). However, monthly runoff and soil moisture accuracy was reduced by about the same percentage. Combined results from the both tests are shown in Fig. 11. Results from a single basin calibration are also plotted in this figure. As can be seen from Fig. 11, addition of the climate index allows better coverage of the spread of PEadj values from a single basin calibration comparing to a single line from the adjusted relationship (16). However, a single basin calibration does not suggest reasonable relationship to the climate index. 
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Figure 12. Runoff bias (a) and RMSE of monthly runoff (b) and monthly lower layer soil moisture (c) from simulations with a priori PEadj and climate adjusted PEadj using eq. (16) or (17). Circles represent calibrated basins and triangles test basins.  
Overall runoff volume bias was improved significantly for calibrated and test basins: 26.4% and 15.2% respectively in the first test, and 28.1% and 17.7% in the second test, Fig. 12a. However, monthly runoff and soil moisture accuracy was reduced considerably, Fig. 12b,c. Root mean square error of lower layer soil moisture was reduced by 17% specifically for dry basins. Lower zone evaporation treatment as well as uncertainty of a priori SAC-HT parameters may be responsible for this deficiency. The goal of next calibration tests performed on some SAC-HT parameters was reduction of this deficiency.
3.2.
Adjustment of selected SAC-HT parameters
The upper and lower zone tension water capacities, UZTWM and LZTWM, were selected for the climate adjustment. The main reason of the selection is that these parameters are responsible for the overall water balance. Also, a single basin calibration shows some trend of their dependency on the climate index, Fig. 13. 
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Figure 13. UZTWM (a) and LZTWM (b) parameters from a single basin calibration.

Calibration tests were performed using relationship (17) applied to UZTWM and LZTWM parameters. An optimization criterion (18) was used with two runoff time scales, 10-day and monthly. 

Climate adjustment parameters were very close for UZTWM and LZTWM:


c = 0.62
d = 0.193
n = -0.579
for UZTWM
and


c = 0.64
d = 0.180
n = -0.579
for LZTWM       
Adjustment effects mostly dry basins where both UZTWM and LZTWM parameters increase by more than two times. They slightly decrease for wet basins, Figs. 14, 15. 
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Figure 14. Climate adjustment factors to SAC-HT parameters UZTWM and LZTWM
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Figure 15. Example of climate adjusted LZTWM parameter for selected climate index values and a priori parameter values.

As can be seen in Fig. 16, the most improvement achieved for very dry basins specifically for runoff bias (overall improvement by 25% compared to not adjusted parameters). Overall improvement in runoff and lower layer soil moisture RMSE was 2-3%. Accuracy of the upper layer soil moisture decreased by 7%, mostly for dry basins. Deficiency of SAC-HT evaporation split between upper and lower soil zones can cause this problem.
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 Figure 16. Improvement from parameter adjustment to runoff bias (a) and RMSE of monthly runoff (b), upper layer soil saturation (c), and lower layer soil saturation (d) for calibrated and test basins. 

Simulations with adjusted parameters also reproduce reasonably well seasonal variation of runoff and soil moisture. Figs. 17, 18 are plots of monthly average runoff and soil moisture for selected wet and dry basins. [image: image25.emf]Basin BLUO2, Gavg=0.46
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Figure 17. Average runoff and soil moisture saturation at the upper and lower soil layers for wet basin. 

Figure 18. Average runoff and soil moisture saturation at the upper and lower soil layers for dry basin.

Summary
This study introduced a new approach of parameter adjustment over a region with the use of multi-basin calibration. A climate index that is based on the ratio of annual precipitation and potential evaporation was replaced by an annual average greenness index. This index does not require the use of non-measurable data, such as potential evaporation, that potentially reduces its uncertainty.  
All tests were performed over the Oklahoma Mesonet region. 57 watersheds with the large range in basin areas were used in the analysis. Tests with calibration of potential evaporation adjustment factor separately from water balance responsible SAC-HT parameters do not lead to consistent adjustment of all water balance components such as runoff volume and distribution as well as soil moisture at different layers. While water balance accuracy improves considerably, other components accuracy degrades.

Adjustment to the upper and lower zone tension water capacities improved accuracy of all but upper zone soil moisture. The most improvement was achieved for dry basins.

Results suggest that there is a deficiency in the SAC-HT evapotranspiration component. It affects mostly dry region basins where the model could evaporate to much water from the lower zone even if vegetation cannot evaporate water during very dry periods. It may be the main reason that climate adjustment cannot improve accuracy of soil moisture for both upper and lower zones.
On-going work

All analyses were performed using lumped simulations. Model parameters were adjusted using basin average climate index. The use of rather large basins can increase uncertainty in parameter adjustment at the higher spatial scale, e.g., HRAP pixel size. To evaluate the effectiveness of the climate adjustment, new adjusted parameter grids will be generated over the region. Simulations using RDHM will be performed with basic a priori and climate adjusted parameters. 
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Appendix 1. Study basins in the Oklahoma region.
	ID
	Lat
	Lon
	Area

Ml2
	Elev.

Ft
	P
	PE
	Q
	P/PE
	G

	7147070
	37.7958
	97.0128
	426
	1231
	843
	992
	215
	0.85
	0.41

	7167500
	37.7084
	96.2253
	129
	978
	921
	1074
	272
	0.86
	0.43

	7169500
	37.5084
	95.8336
	827
	819
	918
	1075
	240
	0.85
	0.44

	7172000
	37.0037
	96.3153
	445
	763
	905
	1081
	239
	0.84
	0.44

	7176500
	36.4868
	96.0642
	364
	651
	967
	1070
	313
	0.90
	0.45

	7184000
	37.2817
	95.0325
	197
	818
	1074
	1021
	305
	1.05
	0.49

	7187000
	37.0231
	94.5163
	427
	887
	1096
	1106
	309
	0.99
	0.60

	7191000
	36.5684
	95.1522
	450
	622
	1078
	1084
	296
	0.99
	0.52

	7191220
	36.3347
	94.6414
	133
	868
	1155
	1135
	288
	1.02
	0.62

	7231000
	34.9654
	96.5125
	865
	732
	937
	1078
	140
	0.87
	0.45

	7247000
	34.919
	94.2988
	203
	570
	1235
	1106
	439
	1.12
	0.66

	7249400
	35.1626
	94.4072
	147
	460
	1148
	1075
	382
	1.07
	0.61

	7303400
	35.0117
	99.9037
	416
	1715
	580
	947
	40
	0.61
	0.28

	7311000
	34.3623
	98.2825
	675
	938
	777
	1015
	135
	0.77
	0.39

	7311500
	34.2209
	98.4531
	617
	924
	733
	946
	78
	0.77
	0.35

	      7315700
	34.0043
	     97.5670
	572
	728
	855
	1085
	95
	0.79
	0.43

	7316500
	35.6264
	99.6684
	794
	1901
	575
	980
	17
	0.59
	0.30

	7326000
	35.1437
	98.4428
	307
	1254
	745
	1043
	50
	0.71
	0.42

	7335700
	34.6384
	94.6127
	40.1
	887
	1451
	1160
	770
	1.25
	0.67

	      BLUO2
	33.997
	96.2411
	476
	504
	1034
	1094
	218
	0.94
	0.46

	      CBNK1
	37.1289
	97.6014
	794
	1108
	728
	988
	166
	0.74
	0.41

	      ELDO2
	35.9212
	94.8386
	307
	701
	1175
	1123
	391
	1.05
	0.59

	      KNSO2
	36.1865
	94.7069
	110
	855
	1160
	1141
	337
	1.02
	0.62

	      SAVOY
	36.1031
	94.3444
	167
	887
	1172
	1113
	358
	1.05
	0.62

	      WTTO2
	36.1301
	94.5722
	635
	894
	1154
	1115
	361
	1.03
	0.63

	7144200
	37.8322
	97.3881
	1327
	1326
	770
	986
	111
	0.78
	0.41

	7145200
	37.5642
	97.8531
	650
	1358
	687
	1021
	126
	0.67
	0.39

	7145700
	37.25
	97.4037
	154
	1157
	780
	934
	198
	0.84
	0.41

	7147800
	37.2242
	96.9948
	1880
	1083
	869
	1018
	234
	0.85
	0.42

	7148400
	36.815
	98.6481
	1009
	1292
	627
	983
	64
	0.64
	0.33

	7153000
	36.3437
	96.7995
	576
	803
	858
	1024
	196
	0.84
	0.44

	7170700
	37.2667
	95.4683
	37
	796
	1042
	1062
	217
	0.98
	0.48

	7177500
	36.2784
	95.9542
	905
	579
	959
	1069
	278
	0.90
	0.45

	7186000
	37.2456
	94.5661
	1164
	833
	1102
	1055
	270
	1.04
	0.56

	7230000
	35.2217
	97.2139
	257
	966
	897
	1058
	85
	0.85
	0.43

	7230500
	35.1726
	96.9320
	456
	899
	914
	1068
	118
	0.86
	0.44

	7243500
	35.674
	96.0686
	2018
	633
	923
	1065
	184
	0.87
	0.45

	7247250
	34.7737
	94.5122
	74.4
	684
	1356
	1147
	786
	1.18
	0.67

	7247500
	34.9126
	95.1558
	122
	541
	1182
	1169
	454
	1.01
	0.60

	7249413
	35.1657
	94.6530
	1767
	388
	1211
	1131
	438
	1.07
	0.63

	7299670
	34.3545
	99.7404
	303
	1426
	585
	898
	36
	0.65
	0.28

	7300000
	34.9576
	100.221
	1222
	1941
	556
	932
	18
	0.60
	0.26

	7300500
	34.8584
	99.5087
	1566
	1490
	565
	936
	13
	0.60
	0.27

	7301110
	34.479
	99.3823
	1878
	1260
	585
	932
	41
	0.63
	0.29

	7311200
	34.6234
	98.5637
	24.6
	1215
	766
	986
	209
	0.78
	0.37

	7325000
	35.5309
	98.9670
	1977
	1467
	634
	1007
	46
	0.63
	0.34

	7327442
	34.8926
	98.2331
	11.6
	1259
	776
	1068
	136
	0.73
	0.42

	7327447
	34.8378
	98.1245
	61.9
	1184
	785
	1068
	129
	0.74
	0.42

	7328180
	34.9715
	97.5848
	7.33
	1024
	907
	1075
	100
	0.84
	0.43

	7329852
	34.4954
	96.9886
	44.1
	897
	981
	1083
	356
	0.91
	0.45

	7334000
	34.2715
	95.9122
	1087
	440
	1062
	1135
	245
	0.94
	0.51

	      BLKO2
	36.8114
	97.2773
	1859
	967
	758
	967
	192
	0.78
	0.42

	      DUTCH
	35.8801
	94.4866
	40.6
	986
	1218
	1116
	385
	1.09
	0.61

	      ELMSP
	36.222
	94.2885
	130
	1052
	1146
	1108
	414
	1.03
	0.64

	      SPRING
	36.2162
	94.6044
	59.8
	1173
	1162
	1127
	379
	1.03
	0.63

	      TALO2
	35.9229
	94.9236
	959
	664
	1154
	1126
	358
	1.03
	0.62

	      TIFM7
	36.6315
	94.5869
	872
	751
	1119
	1117
	290
	1.00
	0.62
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