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MotivationMotivation

Investigate model and parametric Investigate model and parametric 
uncertainties using Oklahoma uncertainties using Oklahoma MesonetMesonet
soil moisture datasoil moisture data

Improve parameter calibration consistencyImprove parameter calibration consistency



Oklahoma Mesonet Gauge Network and Test Oklahoma Mesonet Gauge Network and Test 
BasinsBasins



Calibration TestsCalibration Tests
20 basins not affected significantly by regulation were selected20 basins not affected significantly by regulation were selected for for 
calibration testscalibration tests
Local pattern search technique was used in parameter estimationLocal pattern search technique was used in parameter estimation
Two sets of calibration results were analyzed:Two sets of calibration results were analyzed:

Calibration criteria (Calibration criteria (FFqq) was based only on outlet hydrograph multi) was based only on outlet hydrograph multi--scale scale 
goodnessgoodness--ofof--fit (fit (RMSERMSEqq))

Soil moisture simulation errors (Soil moisture simulation errors (RMSERMSEsmsm) at two soil layers were ) at two soil layers were 
accounted for in addition to discharges. Soil moisture errors weaccounted for in addition to discharges. Soil moisture errors were re 
weighted by a ratio of outlet discharge variability to soil moisweighted by a ratio of outlet discharge variability to soil moisture ture 
variabilityvariability
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Calibration Results:  Calibration Results:  Statistics of daily runoff and soil moisture simulated Statistics of daily runoff and soil moisture simulated 
using 1) a priori parameters (black), 2) calibrated using runoffusing 1) a priori parameters (black), 2) calibrated using runoff only only 
(magenta), and 3) calibrated using runoff and soil moisture (gre(magenta), and 3) calibrated using runoff and soil moisture (green)en)
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Calibration Results:  Calibration Results:  Correlation coefficient of daily runoff and soil Correlation coefficient of daily runoff and soil 
moisture simulated using 1) a priori parameters (black), 2) calimoisture simulated using 1) a priori parameters (black), 2) calibrated brated 
using runoff only (magenta), and 3) calibrated using runoff and using runoff only (magenta), and 3) calibrated using runoff and soil soil 

moisture (green)moisture (green)
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Calibration Results:  Calibration Results:  Comparing model parameters calibrated with Comparing model parameters calibrated with 
and without use of soil moisture measurementsand without use of soil moisture measurements

0.680.68--0.100.100.870.870.100.10--0.050.050.520.52--0.210.210.010.01--0.060.06Without soil m. Without soil m. 
datadata

0.510.510.210.210.250.250.470.470.800.800.730.730.030.030.730.730.700.70With soil m. dataWith soil m. data
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Calibration Results:Calibration Results: Monthly soil moisture and runoff estimated from a priori Monthly soil moisture and runoff estimated from a priori 
and calibrated parameters with/without use of soil moisture measand calibrated parameters with/without use of soil moisture measurementsurements
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Calibration ResultsCalibration Results:: Change in model parameters calibrated using Change in model parameters calibrated using 
different data sets and calibration criteria:  only outlet hydrodifferent data sets and calibration criteria:  only outlet hydrograph errors graph errors 

(left); outlet hydrograph and soil moisture errors (right)(left); outlet hydrograph and soil moisture errors (right)

Average Discharge RMSE = 11.9 cms 
Average Soil Moisture (upper layer) RMSE = 0.13
Average Soil Moisture (lower layer)  RMSE = 0.13

Average Discharge RMSE = 12.1 cms 
Average Soil Moisture (upper layer) RMSE = 0.08
Average Soil Moisture (lower layer)  RMSE = 0.06

Case 1.  Not much difference in simulated soil moisture from two calibration approaches

Parameters consistent from year to year in this case
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Calibration Results:Calibration Results: Monthly soil moisture and runoff estimated from a priori Monthly soil moisture and runoff estimated from a priori 
and calibrated parameters with/without use of soil moisture measand calibrated parameters with/without use of soil moisture measurementsurements
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Calibration Results:Calibration Results: Change in model parameters calibrated using Change in model parameters calibrated using 
different data sets and calibration criteria:  only outlet hydrodifferent data sets and calibration criteria:  only outlet hydrograph errors graph errors 

(left); outlet hydrograph and soil moisture errors (right)(left); outlet hydrograph and soil moisture errors (right)

Average Discharge RMSE = 2.37 cms 
Average Soil Moisture (upper layer) RMSE = 0.34
Average Soil Moisture (lower layer) RMSE = 0.14

Average Discharge RMSE = 2.35 cms 
Average Soil Moisture (upper layer) RMSE = 0.07
Average Soil Moisture (lower layer)  RMSE = 0.07

Case 2.  Considerable difference in simulated soil moisture from two calibration approaches

Addition of soil moisture reduces uncertainty in this case
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Statistics from discharge only (Statistics from discharge only (QclbQclb) & discharge and SM ) & discharge and SM 

((Q&SMclbQ&SMclb) calibration) calibration

0.7250.725--0.4470.447--0.0020.002--0.1000.1000.0620.0620.1430.143AverageAverage

0.7600.760--0.4600.4600.0070.007--0.1130.1130.0570.0570.1410.141TIFM7TIFM7

0.7300.7300.4000.400--0.0070.007--0.0360.0360.0620.0620.0920.092TALO2TALO2

0.7500.750--0.0200.020--0.0040.004--0.0650.0650.0610.0610.1250.125ELDO2ELDO2

0.6500.650--2.3602.360--0.0050.005--0.1890.1890.0700.0700.2150.215BLUO2BLUO2

Soil saturation index at 25Soil saturation index at 25--75 cm layer75 cm layer

0.7440.744--0.1350.135--0.0100.010--0.0380.0380.0730.0730.1540.154AverageAverage
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Q&SMclbQ&SMclbQclbQclbQ&SMclbQ&SMclbQclbQclbQ&SMclbQ&SMclbQclbQclb
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SUMMARYSUMMARY
Test results suggest that hydrographTest results suggest that hydrograph--based based 
calibration improves simulation results for all studied calibration improves simulation results for all studied 
basins. However, significant soil moisture biases can basins. However, significant soil moisture biases can 
be observed which can be larger than those be observed which can be larger than those 
generated from the a priori parameters generated from the a priori parameters 

Use of soil moisture data in calibration process Use of soil moisture data in calibration process 
reduces simulated soil moisture biases without reduces simulated soil moisture biases without 
considerable reduction in runoff accuracy. However, considerable reduction in runoff accuracy. However, 
soil moisture measurement uncertainties should be soil moisture measurement uncertainties should be 
accounted properly accounted properly 

Calibration tests with different data sets suggest that Calibration tests with different data sets suggest that 
the use of soil moisture observations reduces the use of soil moisture observations reduces 
parametric uncertaintyparametric uncertainty


