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Figure 4-16:  HEC-HMS Calculated Direct Runoff and Differences in Direct Runoff (NLDAS – 

CoOp) for Subbasin W1920.  This subbasin had the largest drainage area. 
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Figure 4-17:  HEC-HMS Calculated Direct Runoff and Differences in Direct Runoff (NLDAS – 

CoOp) for Subbasin W2060.  This subbasin has the smallest drainage area. 
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Table 4-4:  Direct Runoff Results for Subbasins W780, W920, W1130, W1920, and W2060 for 
the 1995 to 1996 Water Year  

Subbasin 
Drainage 

Area 
(mi2) 

Source 

Difference in 
Cumulative 

Precipitation 
(in., NLDAS - 

CoOp) 

Maximum 
Runoff 

(cfs) 

Average 
Yearly 

Difference 
(cfs, NLDAS-

CoOp) 

Runoff 
Ratio, 

ࢌࢌ࢕࢔࢛࢘	࢚ࢉࢋ࢘࢏ࢊ

࢔࢕࢏࢚ࢇ࢚࢏࢖࢏ࢉࢋ࢘࢖
 

(in./in.) 

W780 88.8 
NLDAS 

23.60 
8521.5 

55.3 
0.33 

CoOp 4771.1 0.30 

W920 9.6 
NLDAS 

0.24 
1204.1 

3.1 
0.35 

CoOp 2539.9 0.27 

W1130 37.3 
NLDAS 

-22.42 
3834.6 

-54.5 
0.29 

CoOp 9855.1 0.48 

W1920 147.5 
NLDAS 

-11.02 
2561.1 

-92.3 
0.33 

CoOp 4961.8 0.41 

W2060 0.7 
NLDAS 

1.15 
174.6 

-0.07 
0.39 

CoOp 157.1 0.43 
 
 
 Results of the cumulative precipitation and direct runoff comparisons are summarized in 

Table 4-4.  As expected, if the difference in the cumulative precipitation is positive, subbasins 

where the NLDAS precipitation is greater, the average yearly difference in direct runoff is 

positive.  The exception to this is Subbasin W2060 where the average yearly difference is 

negligible, 0.07 cfs.  Conversely, if the difference in the cumulative precipitation was negative, 

subbasins where the CoOp cumulative precipitation is greater, then the average yearly difference 

in direct runoff was negative.   

 An important observation based on Figures 4-13 through 4-17 is that for several subbasins, 

specifically W780 and W2060, there are known rainfall events where the HEC-HMS CoOp 

model shows no direct runoff.  For the September 8, 1996 storm event Subbasins W780 and 

W2060 in the HEC-HMS CoOp model show that no precipitation fell within these basins; 

however, given historic knowledge it is known that these subbasins experienced rainfall during 

the September storm.  This is a good example of where using CoOp precipitation can lead to 

errors in the inputs and errors in the predicted hydrologic responses. 
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 The ratio of cumulative direct runoff to cumulative precipitation is given in Table 4-4 for 

both precipitation data sources in each subbasin; generally the ratio is greater for the precipitation 

source which had the greater cumulative precipitation.  The difference in runoff ratio for 

Subbasin W780 is relatively small, while the difference in cumulative precipitation is large, and 

the difference in runoff ratio for Subbasin W920 is relatively large, while the difference in 

cumulative precipitation is relatively small.  Due to these observations, no other identifiable 

relationship between direct runoff and cumulative precipitation was realized.  This means that 

direct runoff is impacted by numerous factors beyond cumulative precipitation.  These factors 

include evapotranspiration, slope, soil properties, and land cover of the subbasin. 

4.2.2 Comparison to Observed Stream Flow 

 Stream flow as predicted by both models was compared at USGS Stations 0162200, 

0162600, 0163100, 01633000, 01634500 and 01636500 (Figure 4-18).  Station 01636500 is the 

most downstream gage located in the Shenandoah watershed.  

 Discharge is given as mean daily discharge at the USGS Stations, while the outflow 

predictions given by HEC-HMS are computed hourly.  Therefore, the outflows from the HEC-

HMS models were converted from hourly to daily mean discharge by averaging the outflows 

from 01:00 to 23:00 each day. 

 Hydrographs and difference graphs are presented in Figures 4-19 through 4-24.  The 

goodness-of-fit measures, i.e., R2, MA, Se/Sy, RMSE, and NSE, were calculated for both models 

at each station. 
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Figure 4-18: USGS Gage Locations within the Shenandoah Watershed 

 
 During the October 1, 1995, to September 30, 1996, water year, there were two major high 

flow events in the Shenandoah watershed, from snowmelt on January 21, 1996, and from rainfall 

on September 8, 1996.  The HEC-HMS hydrologic model used in this study is not set up for 

snowmelt therefore it is expected that there will be a significant discrepancy in discharge during 

the January 1996 event.   
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Figure 4-19:  Results at USGS Station 01622000:  Observed (USGS) and Modeled (CoOp and 

NLDAS) Mean Daily Discharge (A) and Discharge Differences (B) 
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Figure 4-20:  Results at USGS Station 01626000:  Observed (USGS) and Modeled (CoOp and 

NLDAS) Mean Daily Discharge (A) and Discharge Differences (B) 
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Figure 4-21:  Results at USGS Station 01631000:  Observed (USGS) and Modeled (CoOp and 

NLDAS) Mean Daily Discharge (A) and Discharge Differences (B) 
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Figure 4-22:  Results at USGS Station 01633000:  Observed (USGS) and Modeled (CoOp and 

NLDAS) Mean Daily Discharge (A) and Discharge Differences (B) 
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Figure 4-23:  Results at USGS Station 01634500:  Observed (USGS) and Modeled (CoOp and 

NLDAS) Mean Daily Discharge (A) and Discharge Differences (B) 
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Figure 4-24:  Results at USGS Station 01636500:  Observed (USGS) and Modeled (CoOp and 

NLDAS) Mean Daily Discharge (A) and Discharge Differences (B) 
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USGS Gages 01631000, 0163300, 01634500, and 01636500.  Generally, both the NLDAS and 

CoOp model over predict the mean daily discharge during low flow events. 

 The NLDAS model over predicted the mean daily discharge over the 1995 to 1996 water 

year at five stations and under predicted the mean daily discharge at Station 01634500         

(Table 4-5).  The NLDAS model over predicted the mean daily discharge by 232 cfs on average 

based on the six USGS Gages investigated.  The CoOp model over predicted the mean daily 

discharge over the 1995 to 1996 water year at all six stations.  The CoOp model over predicted 

the mean daily discharge by 405 cfs on average based on the six USGS Gages investigated.  

 
Table 4-5:  Average Bias in NLDAS and CoOp HEC-HMS models over the 

1995 to 1996 Water Year   

USGS Gage  Source Average Yearly Bias (cfs) 

01622000 
NLDAS  46.9 

CoOp  68.1 

01626000  
NLDAS  11.4 

CoOp  209 

01631000  
NLDAS  370.4 

CoOp  765.6 

01633000  
NLDAS  183.7 

CoOp  50.62 

01634500  
NLDAS  ‐35.9 

CoOp  21.83 

01636500  
NLDAS  814.9 

CoOp  1312.2 

 
 
 If the model objective is to predict the daily mean discharge for purposes such as water 

supply decisions, the NLDAS would be a better predictor.  The NLDAS model over predicted the 

mean daily discharge by an average of 230 cfs over the 1995 to 1996 water year.  The CoOp 

model over predicted the mean daily discharge by an average of 404 cfs over the 1995 to 1996 

water year. 
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 The NLDAS precipitation data are spatially varying throughout larger subbasins and have the 

ability to represent a storm moving through a subbasin.  The CoOp precipitation inputs are 

uniform across a subbasin and cannot account for spatial changes in rainfall across a subbasin 

due to a moving storm.  Due to this, it is expected to see a slower rate of increase along the rising 

limb of the hydrograph in response to the NLDAS input.  This would explain the deviations from 

the NDLAS to USGS discharges seen in the hydrographs during the September 8, 1996, event 

(Figures 4-19 through 4-24).  

 Based on the hydrographs and the difference graphs it is difficult to assess the accuracy of the 

models driven by NLDAS and CoOp precipitation data.  Therefore goodness-of-fit measures, i.e., 

residuals, R2, ME, Se/Sy, RMSE, and NSE, were computed to assess the NLDAS and CoOp 

HEC-HMS model accuracy to predict discharge for the 1995 to 1996 water year.  In addition, a 

comparison of peak outflow as computed by HEC-HMS without consideration to timing was 

reviewed. 

 ME and RMSE are hydrological values, while R2 and NSE are statistical values.  The 

following are the criteria used for each goodness-of-fit measure to assess the models’ accuracy 

when compared to USGS discharge data.   

1. ME – smallest absolute value is considered to be less biased. 

2. RMSE – smallest value represents less deviation from the observed. 

3. Se/Sy – smallest value represents model with better predictive power. 

4. R2 – smallest deviation from 1.0 is considered to be a better predictor of the observed. 

5. NSE – smallest deviation from 1.0 is considered to be a better predictor of the 

observed. 
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Table 4-6: Goodness-of-Fit Measures for CoOp and NLDAS HEC-HMS Models (n=365) 

USGS Gage Source ME (cfs) RMSE (cfs) Se/Sy R2 NSE 

1622000 
CoOp 68.13 1161.12 1.03 0.78 0.76 

NLDAS 46.87 1305.29 0.76 0.7 0.69 

1626000 
CoOp 208.99 777.9 2.13 0.66 -1.25 

NLDAS 11.35 390.04 1.04 0.53 0.43 

1631000 
CoOp 765.61 4195.27 1.09 0.75 0.69 

NLDAS 370.39 4154.12 0.75 0.7 0.69 

1633000 
CoOp 50.62 2222.07 0.58 0.25 0.24 

NLDAS 183.72 1948.65 0.76 0.43 0.42 

1634500 
CoOp 21.83 481.48 0.73 0.29 0.25 

NLDAS -35.86 477.35 0.57 0.27 0.26 

1636500 
CoOp 1312.17 6441.17 0.92 0.67 0.65 

NLDAS 814.86 6592.32 0.81 0.64 0.63 
 

Table 4-7:  Goodness-of-Fit (GOF) Measures Assessment.  X represents the model with the 
better GOF value based on the criteria given above. 

USGS Gage Source ME(cfs) RMSE (cfs) Se/Sy R2 NSE 

1622000 
CoOp    X X* X 

NLDAS X*   X     

1626000 
CoOp       X   

NLDAS X X X   X 

1631000 
CoOp       X* - 

NLDAS X X* X   - 

1633000 
CoOp X*   X     

NLDAS   X   X X 

1634500 
CoOp X   - - 

NLDAS   X* X  - - 

1636500 
CoOp   X   - - 

NLDAS X   X - - 
*Indicates that the goodness of fit measure was slightly better; - Indicates the goodness of measures was not 
significantly different 

 
 
 Based on the goodness-of-fit measures, it was determined that HEC-HMS hydrologic model 

that utilizes the NLDAS precipitation data provides a better representation of the hydrologic 

processes in the Shenandoah watershed at two of the six USGS stations analyzed, Stations 

01626000 and 01633000.  At Stations 01632000 the HEC-HMS hydrologic model utilizing the 
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CoOp precipitation data appears to be a better representation.  However, it should be noted that in 

previous studies of the Shenandoah watershed the calibrated model discharge did not match well 

with the observed discharge at Station 01634500 (Kim, 2012).  Based on these measures alone at 

Stations 1631000, 1634500 and 1636500 the bias and predictive accuracy of the precipitation 

datasets are equal. 

4.2.3 Other Criteria 

 The peak outflow and outflow residuals as calculated by HEC-HMS were analyzed to 

determine the accuracy of the models.  The time to peak events was not analyzed since the USGS 

data is in daily increments and the model data is in hourly.  The following criteria were used: 

1. Peak outflow – model with smallest deviation from the observed discharge is 

considered to be more accurate. 

2. Residuals (predicted outflow (in.) – observed outflow (in.)) – model with smallest 

absolute residual is considered to be a better representation of the observed.  

Residuals are computed in HEC-HMS for each junction. 

 Based on the six sites shown in Figure 4-16 analyzed, the NLDAS HEC-HMS model under 

predicted the peak discharge at Stations 0163100, 01634500, and 01636500 by 6.3, 47.9, and 

3.9%, respectively, and over predicted at Stations 01622000, 01626000, and 0163300 by 23.1, 

37.3, and 31.1%, respectively.  On average the NLDAS model over predicted the peak discharge 

by 5.6%.  The CoOp HEC-HMS model under predicted the peak discharge at Stations 1633000 

and1634500 by 41.9 and 32.2%, respectively, and over predicted at Stations 

01622000,01626000, 1631000, and 0163300 by 103.4, 184.3, 49.5, and 13.0%, respectively.  On 

average the CoOp model over predicted the peak discharge by 50.0%.   
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Table 4-7:  HEC-HMS Outputs for the 1995 to 1996 Water Year at USGS Gages Shown in 
Figure 4-16 

USGS 
Gage 

Precipitation 
Peak Outflow 

(cfs) 
Residual 

(in.) 

% Difference in Peak 
Outflow (Predicted – 

Observed) 

01622000 

CoOp 72,733 2.46 127.29 

NLDAS 39,383 1.69 23.07 

USGS 32,000 - - 

01626000 

CoOp 18,166 21.31 184.29 

NLDAS 8,775 1.16 37.32 

USGS 6,390 - - 

01631000 

CoOp 146,826 6.35 49.52 

NLDAS 92,048 3.07 -6.26 

USGS 98,200 - - 

01633000 

CoOp 18,707 1.35 -41.90 

NLDAS 42,207 4.90 31.08 

USGS 32,200 - - 

01634500 

CoOp 5,014 2.90 -32.24 

NLDAS 3,852 -4.77 -47.95 

USGS 7,400 - - 

01636500 

CoOp 150,265 5.86 12.98 

NLDAS 127,798 3.64 -3.91 

USGS 133,000 - - 
  
 
 If the model objective is to capture peak flow events such as that seen on September 8, 1996, 

for applications such as floodplain management and planning, decisions based on the CoOp 

model would be inaccurate since the model over predicted high flow events.  The NLDAS model 

would lead to better decisions given its ability to better predict high flow events. 

 Based on the outflow residuals, the NLDAS model is a better predictor of the outflow at 

Stations 01622000, 01626000, 01631000, and 01636500.  The CoOp model is a better predictor 

of the outflow at Stations 01633000, and 01634500.     
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Chapter 5 

Conclusions and Discussion 

 

5.1 Conclusions 

 The objective of this study was to determine the sensitivity of hydrologic responses in the 

Shenandoah watershed to distributed NLDAS precipitation data and assess if the NLDAS 

precipitation data can be used for predictive stream flow analyses.  Given advancements in 

hydrologic model and the increasing availability of gridded data it is important to understand the 

implications of using NLDAS precipitation data over traditional point data.   

 To fulfill the objectives, a hydrologic model of the Shenandoah watershed was built in the 

HEC-HMS modeling environment using open source data from federal entities.  Due to the size 

of the watershed and limited data availability, assumptions regarding estimations of parameters 

were made based on local and similar studies.  This led to parameter estimations, including 

Manning’s n and SMA loss method parameters, across the Shenandoah watershed that should not 

be taken as accurate without further examination.  The parameter estimates are appropriate for a 

sensitivity study as they capture the general hydrologic behavior of the watershed.  Holding the 

parameters constant for both simulations ensure that differences in the modeling output are due to 

the variation in precipitation data, not due to differences in parameter estimations via calibration.  

In addition, as the modeling process progressed, additional parameters were required to 

adequately represent the watershed.  While the inclusion of watershed parameters can improve 

model accuracy, it can also lead to unreasonable results if the parameters included are not 

calibrated and not based on attainable physical values.   

  Due to the significant amount of time required to build a hydrologic model of this magnitude 

and the computation time needed calibrate a hydrologic model, the HEC-HMS models used in 

this study were subjectively optimized, but uncalibrated.  While the study was useful to 
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determine the potential impacts of using different precipitation datasets, the models should be 

calibrated to more fully determine the models’ accuracy for predicting hydrologic responses.   

 Based on the NLDAS and CoOp precipitation data used in this study the following 

observations are made: 

1. The CoOp precipitation data appears to over predict the precipitation in the southern and 

northern extents and under predict the precipitation in the middle portion of the 

Shenandoah watershed.  The over estimation of precipitation is believed to be partly due 

to the lack of CoOp gauging stations within the Shenandoah watershed.  The under 

prediction of precipitation is believe to be due to missing precipitation data and the fact 

that CoOp gages do not record values below a tenth of an inch.  If precipitation data are 

missing, this could erroneously result in a subbasin not accounting for precipitation when 

in reality rainfall occurred.  The NLDAS data appears to be a better representation of 

precipitation in the Shenandoah watershed. 

2. Unlike the CoOp precipitation data, the NLDAS data has the ability to replicate a storm 

event that moves through a subbasin given its gridded nature.  This leads to a change in 

the predicted hydrograph shape and creates a slower rate of development of the rising 

limb.  This is due to the fact that precipitation is spatially distributed and routed through 

each subbasin and not assumed to be evenly distributed within the subbasin. 

3. Comparing subjectively optimized models, the NLDAS precipitation data represents the 

hydrologic processes of the Shenandoah watershed better than the CoOp data.  This 

assessment was determined through inspection of the hydrographs and goodness-of-fit 

measures.  The NLDAS model better predicted the observed daily mean discharge and 

the September 8, 1996, storm event.  The goodness-of-fit measures indicated that the 

NLDAS model was less biased and a better predictor of the observed at two of the six 
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USGS stations investigated.  At three of the six USGS stations investigated both the 

CoOp and NLDAS models showed similar abilities to predict the observed.  

 It is recommended that the HEC-HMS hydrologic model utilizing the NLDAS precipitation 

data be calibrated and further analyzed to determine its true predictive accuracy.  Based on the 

results of this study, it is believed based on the results of this study that the NLDAS precipitation 

data can be used to improve stream flow forecasts within the Shenandoah watershed, when 

compared to gaged data.  It should be noted that processing the NLDAS precipitation data for use 

in hydrologic models is time consuming, therefore it is important to define your model objectives 

early.   

 

5.2 Future Research 

5.2.1 Calibration and Verification 

 The HEC-HMS hydrologic models used in the study were subjectively optimized but not 

calibrated.  The models should be calibrated if intended to be used for stream flow predictions.  It 

is suggested that the model which utilizes the NLDAS precipitation data be calibrated and it 

appears the data is an improvement over gaged data.  Some of the parameters within the HEC-

HMS model which lend themselves well to calibration are:  1. Manning’s n value used in the 

reach routing method and Tc calculations; 2. The SMA parameters, not including percent 

impervious.  A majority of these parameters were estimated based on similar studies and/or 

through subjective calibration.  The subsurface storage and baseflow parameters were assumed to 

be the same for all subbasins, despite their physical differences.  Further research could 

determine if these parameters can be estimated from measurable or observable watershed 

characteristics.  In addition, the interaction of the subsurface layers and their impact on the 

hydrologic model is not fully understood as small changes in values during the subjective 

optimization process created large changes in resultant hydrologic responses (i.e., discharge);     
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3. Storage coefficient used in the transform method; and 4. Groundwater parameters used in the 

baseflow method. 

5.2.2 Timing differences 

 It was noted during the study that there were timing differences in peak events, large and 

small, between the CoOp and NLDAS models.  Given that the observed data were provided as 

mean daily discharge it is difficult to determine which peak time is more accurate.  If the modeler 

is only concerned about peak values, i.e., for water demand, without regard to time this, is not an 

issue.  However, if timing of the peaks is important, i.e., for reservoir/dam management, this 

issue should be investigated further. 

5.2.3 Gridded SMA method 

 For this study since gaged precipitation data was utilized as well as gridded precipitation, the 

lumped SMA loss method was used.  This would allow for the only change in models to be the 

precipitation and routing method.  A lumped SMA loss method approach assumes that the soil 

saturation is identical throughout a subbasin at a given time step.  Using the gridded SMA 

method would allow for the losses to be discretized across a subbasin and could potentially 

improve model accuracy.   
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Appendix A 

 

Shenandoah River Basin Physical Characteristics and Hydrologic Parameters 

General Watershed Parameters: 

Subbasin Reach 
Length 

(ft) 
Area 
(mi2) 

Average 
Slope (ft/ft) 

W1000 R10 80077 55 0.00204 
W1020 R100 95459 114 0.00421 
W1050 R110 2977 29 0.00243 
W1060 R1170 32597 17 0.00327 
W1070 R1190 62 14 0.02007 
W1080 R120 8871 1 0.00552 
W1090 R1220 40669 14 0.00933 
W1100 R1260 10727 8 0.01119 
W1110 R1280 87 17 0.05869 
W1120 R130 17163 31 0.00717 
W1130 R1330 13230 9 0.00108 
W1140 R1390 95227 35 0.00066 
W1160 R140 60571 26 0.00164 
W1180 R1430 14357 4 0.00208 
W1210 R1480 30434 21 0.00160 
W1250 R150 27117 46 0.00492 
W1270 R1540 80979 64 0.00142 
W1310 R1580 20316 27 0.00118 
W1320 R160 7203 1 0.00055 
W1360 R1640 133771 96 0.00111 
W1370 R1690 36081 13 0.00059 
W1420 R170 172990 100 0.00101 
W1470 R1740 259351 123 0.00100 
W1510 R1790 98456 102 0.00283 
W1520 R180 52466 47 0.00488 
W1560 R1840 131923 87 0.00341 
W1570 R1880 117336 95 0.00050 
W1610 R190 23922 33 0.00886 
W1620 R1940 113244 148 0.00046 
W1660 R1990 50040 39 0.00098 
W1670 R20 15596 5 0.00039 
W1710 R200 1899 25 0.00184 
W1720 R2030 7292 2 0.00292 
W1760 R2090 36224 45 0.00303 
W1770 R210 17194 6 0.00336 
W1810 R220 6008 1 0.00361 
W1820 R230 99721 78 0.00161 
W1870 R240 20253 22 0.00227 
W1920 R250 28315 37 0.00552 

Subbasin Reach 
Length 

(ft) 
Area 
(mi2) 

Average 
Slope (ft/ft) 

W1960 R260 62035 89 0.00322 
W1970 R270 6599 1 0.00318 
W2010 R280 148445 106 0.00150 
W2020 R290 57012 33 0.00136 
W2060 R30 15472 47 0.00147 
W2070 R300 24179 44 0.00689 
W610 R310 81092 79 0.00867 
W620 R330 45410 53 0.00956 
W640 R340 16698 10 0.00484 
W650 R350 19356 20 0.00211 
W670 R360 2156 25 0.01251 
W680 R370 70685 38 0.00476 
W690 R380 17364 44 0.00222 
W700 R390 32787 28 0.00172 
W710 R40 28869 22 0.00169 
W720 R410 82591 108 0.00123 
W730 R420 10621 27 0.00327 
W740 R430 23621 19 0.00090 
W750 R440 27611 26 0.00073 
W760 R450 52592 44 0.00092 
W770 R460 10186 27 0.00306 
W780 R470 20287 35 0.00474 
W800 R480 28308 16 0.00205 
W810 R490 11548 1 0.00068 
W820 R50 30017 12 0.00072 
W830 R500 53011 6 0.00096 
W840 R510 84162 27 0.00156 
W870 R520 17290 28 0.00268 
W890 R530 73596 92 0.00263 
W900 R540 105257 102 0.00164 
W910 R550 42960 22 0.00224 
W920 R560 87676 92 0.00159 
W930 R570 26849 37 0.00448 
W940 R60 6201 22 0.00005 
W950 R70 19926 15 0.00056 
W960 R80 14624 27 0.01624 
W970 R90 13750 2 0.00010 
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SCS Loss Method Parameters: 
Subbasin SCS CN Impervious (%) 
W1000 73.74 9.36 
W1020 77.72 1.53 
W1050 71.49 0.69 
W1060 74.44 4.89 
W1070 72.98 2.33 
W1080 69.77 1.17 
W1090 71.72 0.71 
W1100 78.78 1.60 
W1110 75.41 3.46 
W1120 73.32 12.05 
W1130 64.97 0.87 
W1140 69.59 2.18 
W1160 73.60 2.32 
W1180 74.79 1.05 
W1210 65.32 0.07 
W1250 70.05 0.07 
W1270 63.84 0.05 
W1310 75.25 2.19 
W1320 74.72 2.70 
W1360 79.09 1.68 
W1370 78.12 2.14 
W1420 67.77 4.65 
W1470 69.74 15.17 
W1510 70.98 3.16 
W1520 67.93 2.19 
W1560 69.30 0.44 
W1570 69.45 0.67 
W1610 73.18 1.85 
W1620 69.01 1.49 
W1660 73.20 4.25 
W1670 67.95 2.07 
W1710 69.73 0.58 
W1720 73.61 2.16 
W1760 73.53 1.17 
W1770 69.19 0.16 
W1810 72.40 1.19 
W1820 67.93 0.23 
W1870 70.85 0.88 
W1920 75.65 0.95 

Subbasin SCS CN Impervious (%) 
W1960 74.68 6.80 
W1970 73.19 3.01 
W2010 72.71 6.43 
W2020 70.87 0.59 
W2060 79.80 25.07 
W2070 78.43 1.92 
W610 76.49 2.12 
W620 75.38 2.81 
W640 78.48 3.09 
W650 65.76 5.97 
W670 70.64 0.80 
W680 68.20 0.37 
W690 62.73 0.24 
W700 73.16 1.89 
W710 70.38 0.16 
W720 69.44 0.09 
W730 67.82 0.24 
W740 72.62 0.78 
W750 76.70 1.25 
W760 74.83 1.94 
W770 73.94 1.52 
W780 68.82 2.01 
W800 68.47 0.09 
W810 74.19 1.11 
W820 69.10 0.14 
W830 71.29 0.35 
W840 69.63 0.22 
W870 69.54 0.30 
W890 70.39 2.31 
W900 69.06 0.44 
W910 64.86 0.56 
W920 76.12 3.47 
W930 74.62 1.13 
W940 71.04 0.91 
W950 76.68 3.11 
W960 60.38 0.02 
W970 78.08 15.74 
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SMA Loss Method Parameters: 

Subbasin 
Initial Soil/ 

GW 1/    
GW 2 (%) 

Maximum 
Infiltration 

(in/hr) 

Impervious 
(%) 

Soil 
Storage 

(in) 

Tension 
Storage 

(in) 

Soil/GW 1 
Percolation 

(in/hr) 

GW 1/GW 
2 Storage 

(in) 

GW 1/GW 2 
Coefficient 

(hr) 

GW 2 
Percolation 

(in/hr) 
W1000 10 4.47 9.36 3.71 0.98 0.00402 0.80 360 0 
W1020 10 4.47 1.53 3.71 0.98 0.00402 0.80 360 0 
W1050 10 4.14 0.69 3.41 0.98 0.00373 0.80 360 0 
W1060 10 4.14 4.89 3.41 0.98 0.00373 0.80 360 0 
W1070 10 4.14 2.33 3.41 0.98 0.00373 0.80 360 0 
W1080 10 4.14 1.17 3.41 0.98 0.00373 0.80 360 0 
W1090 10 4.14 0.71 3.41 0.98 0.00373 0.80 360 0 
W1100 10 4.14 1.60 3.41 0.98 0.00373 0.80 360 0 
W1110 10 4.14 3.46 3.41 0.98 0.00373 0.80 360 0 
W1120 10 4.14 12.05 3.41 0.98 0.00373 0.80 360 0 
W1130 10 4.14 0.87 3.41 0.98 0.00373 0.80 360 0 
W1140 10 4.14 2.18 3.41 0.98 0.00373 0.80 360 0 
W1160 10 4.47 2.32 3.71 0.98 0.00402 0.80 360 0 
W1180 10 4.47 1.05 3.71 0.98 0.00402 0.80 360 0 
W1210 10 4.14 0.07 3.41 0.98 0.00373 0.80 360 0 
W1250 10 4.14 0.07 3.41 0.98 0.00373 0.80 360 0 
W1270 10 4.14 0.00 3.41 0.98 0.00373 0.80 360 0 
W1310 10 4.14 2.19 3.41 0.98 0.00373 0.80 360 0 
W1320 10 4.47 2.70 3.71 0.98 0.00402 0.80 360 0 
W1360 10 4.14 1.68 3.41 0.98 0.00373 0.80 360 0 
W1370 10 4.14 2.14 3.41 0.98 0.00373 0.80 360 0 
W1420 10 4.14 4.65 3.41 0.98 0.00373 0.80 360 0 
W1470 10 4.14 15.17 3.41 0.98 0.00373 0.80 360 0 
W1510 10 4.14 3.16 3.41 0.98 0.00373 0.80 360 0 
W1520 10 4.14 2.19 3.41 0.98 0.00373 0.80 360 0 
W1560 10 4.47 0.44 3.71 0.98 0.00402 0.80 360 0 
W1570 10 4.47 0.67 3.71 0.98 0.00402 0.80 360 0 
W1610 10 3.81 1.85 3.55 1.07 0.00343 0.80 360 0 
W1620 10 3.81 1.49 3.55 1.07 0.00343 0.80 360 0 
W1660 10 3.60 4.25 3.17 1.06 0.00324 0.80 360 0 
W1670 10 3.60 2.07 3.17 1.06 0.00324 0.80 360 0 
W1710 10 2.88 0.58 3.47 1.10 0.00259 0.80 360 0 
W1720 10 2.88 2.16 3.47 1.10 0.00259 0.80 360 0 
W1760 10 3.44 1.17 3.60 1.08 0.00310 0.80 360 0 
W1770 10 2.88 0.16 3.47 1.10 0.00259 0.80 360 0 
W1810 10 3.60 1.19 3.17 1.06 0.00324 0.80 360 0 
W1820 10 2.88 0.23 3.47 1.10 0.00259 0.80 360 0 
W1870 10 3.60 0.88 3.17 1.06 0.00324 0.80 360 0 
W1920 10 2.61 0.95 3.70 1.20 0.00235 0.80 360 0 
W1960 10 2.08 6.80 3.49 1.13 0.00188 0.80 360 0 
W1970 10 2.08 3.01 3.49 1.13 0.00188 0.80 360 0 
W2010 10 4.47 6.43 3.71 0.98 0.00402 0.80 360 0 
W2020 10 4.47 0.59 3.71 0.98 0.00402 0.80 360 0 
W2060 10 4.47 25.07 3.71 0.98 0.00402 0.80 360 0 
W2070 10 4.47 1.92 3.71 0.98 0.00402 0.80 360 0 
W610 10 3.60 2.12 3.17 1.06 0.00324 0.80 360 0 
W620 10 3.60 2.81 3.17 1.06 0.00324 0.80 360 0 
W640 10 3.44 3.09 3.60 1.08 0.00310 0.80 360 0 
W650 10 3.60 5.97 3.17 1.06 0.00324 0.80 360 0 
W670 10 2.88 0.80 3.47 1.10 0.00259 0.80 360 0 
W680 10 3.81 0.37 3.55 1.07 0.00343 0.80 360 0 
W690 10 3.60 0.24 3.17 1.06 0.00324 0.80 360 0 
W700 10 2.88 1.89 3.47 1.10 0.00259 0.80 360 0 
W710 10 4.47 0.16 3.71 0.98 0.00402 0.80 360 0 
W720 10 4.47 0.09 3.71 0.98 0.00402 0.80 360 0 
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Subbasin 
Initial Soil/ 
GW 1/GW 

2 (%) 

Maximum 
Infiltration 

(in/hr) 

Impervious 
(%) 

Soil 
Storage 

(in) 

Tension 
Storage 

(in) 

Soil/GW 1 
Percolation 

(in/hr) 

GW 1/GW 
2 Storage 

(in) 

GW 1/GW 2 
Coefficient 

(hr) 

GW 2 
Percolation 

(in/hr) 
W730 10 4.47 0.24 3.71 0.98 0.00402 0.80 360 0 
W740 10 2.88 0.78 3.47 1.10 0.00259 0.80 360 0 
W750 10 2.88 1.25 3.47 1.10 0.00259 0.80 360 0 
W760 10 4.47 1.94 3.71 0.98 0.00402 0.80 360 0 
W770 10 4.47 1.52 3.71 0.98 0.00402 0.80 360 0 
W780 10 3.81 2.01 3.55 1.07 0.00343 0.80 360 0 
W800 10 4.47 0.09 3.71 0.98 0.00402 0.80 360 0 
W810 10 4.47 1.11 3.71 0.98 0.00402 0.80 360 0 
W820 10 4.47 0.14 3.71 0.98 0.00402 0.80 360 0 
W830 10 4.47 0.35 3.71 0.98 0.00402 0.80 360 0 
W840 10 4.47 0.22 3.71 0.98 0.00402 0.80 360 0 
W870 10 4.47 0.30 3.71 0.98 0.00402 0.80 360 0 
W890 10 4.47 2.31 3.71 0.98 0.00402 0.80 360 0 
W900 10 4.47 0.44 3.71 0.98 0.00402 0.80 360 0 
W910 10 3.81 0.56 3.55 1.07 0.00343 0.80 360 0 
W920 10 4.47 3.47 3.71 0.98 0.00402 0.80 360 0 
W930 10 4.14 1.13 3.41 0.98 0.00373 0.80 360 0 
W940 10 4.14 0.91 3.41 0.98 0.00373 0.80 360 0 
W950 10 4.14 3.11 3.41 0.98 0.00373 0.80 360 0 
W960 10 4.14 0.02 3.41 0.98 0.00373 0.80 360 0 
W970 10 4.47 15.74 3.71 0.98 0.00402 0.80 360 0 
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Clark UH/ModClark Transform Method Parameters: 
Subbasin Tc (hr) R (hr) 
W1000 12.51 16.26 
W1020 12.95 16.84 
W1050 4.85 6.31 
W1060 6.16 8.01 
W1070 4.08 5.30 
W1080 1.33 1.73 
W1090 3.99 5.19 
W1100 2.56 3.33 
W1110 6.19 8.05 
W1120 7.97 10.36 
W1130 7.61 9.89 
W1140 20.22 26.29 
W1160 5.38 6.99 
W1180 2.19 2.85 
W1210 7.01 9.11 
W1250 10.54 13.70 
W1270 15.28 19.86 
W1310 5.50 7.15 
W1320 3.01 3.91 
W1360 12.02 15.63 
W1370 3.45 4.49 
W1420 15.84 20.59 
W1470 28.13 36.57 
W1510 13.89 18.06 
W1520 7.39 9.61 
W1560 18.20 23.66 
W1570 15.65 20.35 
W1610 4.82 6.27 
W1620 24.31 31.60 
W1660 21.48 27.92 
W1670 2.57 3.34 
W1710 6.09 7.92 
W1720 0.89 1.16 
W1760 14.01 18.21 
W1770 2.79 3.63 
W1810 0.66 0.86 
W1820 20.18 26.23 
W1870 5.28 6.86 
W1920 6.72 8.74 

Subbasin Tc (hr) R (hr) 
W1960 9.34 12.14 
W1970 1.07 1.39 
W2010 31.47 40.91 
W2020 12.02 15.63 
W2060 18.27 23.75 
W2070 6.38 8.29 
W610 10.27 13.35 
W620 6.57 8.54 
W640 6.59 8.57 
W650 14.27 18.55 
W670 4.68 6.08 
W680 9.73 12.65 
W690 16.83 21.88 
W700 17.63 22.92 
W710 10.88 14.14 
W720 10.95 14.24 
W730 9.04 11.75 
W740 4.21 5.47 
W750 9.39 12.21 
W760 14.01 18.21 
W770 9.49 12.34 
W780 7.63 9.92 
W800 8.30 10.79 
W810 2.70 3.51 
W820 7.62 9.91 
W830 9.05 11.77 
W840 11.60 15.08 
W870 12.86 16.72 
W890 17.26 22.44 
W900 28.59 37.17 
W910 5.62 7.31 
W920 21.90 28.47 
W930 9.97 12.96 
W940 6.69 8.70 
W950 6.46 8.40 
W960 4.31 5.60 
W970 0.98 1.27 
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Baseflow Parameters: 

Subbasin 
Initial GW 1 

/GW 2 
Baseflow (cfs) 

GW 1/GW 2 
Coefficient 

(hr) 

GW 1 
/GW 2 

Reservoirs 
W1000 3.99 60 1 
W1020 3.81 60 1 
W1050 4.00 60 1 
W1060 4.00 60 1 
W1070 2.41 60 1 
W1080 5.22 60 1 
W1090 13.66 60 1 
W1100 0.96 60 1 
W1110 15.13 60 1 
W1120 4.13 60 1 
W1130 5.54 60 1 
W1140 13.60 60 1 
W1160 2.58 60 1 
W1180 2.13 60 1 
W1210 2.14 60 1 
W1250 1.17 60 1 
W1270 2.57 60 1 
W1310 6.56 60 1 
W1320 1.38 60 1 
W1360 0.19 60 1 
W1370 5.13 60 1 
W1420 0.63 60 1 
W1470 3.10 60 1 
W1510 3.25 60 1 
W1520 9.44 60 1 
W1560 2.76 60 1 
W1570 3.96 60 1 
W1610 4.87 60 1 
W1620 14.31 60 1 
W1660 2.28 60 1 
W1670 1.98 60 1 
W1710 0.32 60 1 
W1720 18.20 60 1 
W1760 8.23 60 1 
W1770 15.17 60 1 
W1810 0.18 60 1 
W1820 12.87 60 1 
W1870 14.09 60 1 

    
    

Subbasin 
Initial GW 1 

/GW 2 
Baseflow (cfs) 

GW 1/GW 2 
Coefficient 

(hr) 

GW 1 
/GW 2 

Reservoirs 
W1920 21.91 60 1 
W1960 3.22 60 1 
W1970 5.85 60 1 
W2010 3.20 60 1 
W2020 0.23 60 1 
W2060 0.10 60 1 
W2070 6.72 60 1 
W610 0.67 60 1 
W620 1.77 60 1 
W640 7.01 60 1 
W650 3.34 60 1 
W670 16.87 60 1 
W680 14.85 60 1 
W690 4.05 60 1 
W700 3.91 60 1 
W710 4.25 60 1 
W720 4.62 60 1 
W730 7.02 60 1 
W740 6.88 60 1 
W750 0.17 60 1 
W760 11.56 60 1 
W770 15.73 60 1 
W780 13.19 60 1 
W800 4.93 60 1 
W810 0.87 60 1 
W820 3.76 60 1 
W830 0.11 60 1 
W840 5.43 60 1 
W870 11.72 60 1 
W890 16.01 60 1 
W900 7.80 60 1 
W910 6.52 60 1 
W920 1.43 60 1 
W930 2.93 60 1 
W940 5.60 60 1 
W950 4.18 60 1 
W960 3.77 60 1 
W970 6.57 60 1 
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Muskingum-Cunge Routing Method: 

Reach 
Length 

(ft) 

Average 
Slope 
(ft/ft) 

Manning's 
n 

Width 
(ft) 

Side 
Slope 
(H:V) 

R10 80077 0.00204 0.05 67.54 0.5 
R1170 32597 0.00327 0.06 44.74 0.5 
R120 8871 0.00552 0.07 74.71 0.5 

R1220 40669 0.00933 0.07 111.27 0.5 
R1260 10727 0.01119 0.07 128.50 0.5 
R1330 13230 0.00108 0.06 57.31 0.5 
R1390 95227 0.00066 0.08 220.06 0.5 
R140 60571 0.00164 0.08 145.36 0.5 

R1430 14357 0.00208 0.08 75.00 0.5 
R1480 30434 0.00160 0.07 148.12 0.5 
R1540 80979 0.00142 0.07 296.53 0.5 
R1580 20316 0.00118 0.08 330.38 0.5 
R160 7203 0.00055 0.06 124.26 0.5 

R1640 133771 0.00111 0.08 258.47 0.5 
R1690 36081 0.00059 0.08 98.79 0.5 
R170 172990 0.00101 0.06 108.36 0.5 

R1740 259351 0.00100 0.08 183.80 0.5 
R180 52466 0.00488 0.07 64.75 0.5 

R1880 117336 0.00050 0.06 75.62 0.5 
R1940 113244 0.00046 0.06 73.22 0.5 
R1990 50040 0.00098 0.06 94.78 0.5 
R20 15596 0.00039 0.06 99.87 0.5 

R2030 7292 0.00292 0.06 281.38 0.5 
      

Reach 
Length 

(ft) 

Average 
Slope 
(ft/ft) 

Manning's 
n 

Width 
(ft) 

Side 
Slope 
(H:V) 

R210 17194 0.00336 0.06 469.87 0.5 
R220 6008 0.00361 0.07 472.58 0.5 
R230 99721 0.00161 0.06 74.22 0.5 
R240 20253 0.00227 0.06 57.46 0.5 
R270 6599 0.00318 0.07 145.83 0.5 
R290 57012 0.00136 0.05 106.19 0.5 
R340 16698 0.00484 0.05 99.39 0.5 
R350 19356 0.00211 0.06 63.47 0.5 
R370 70685 0.00476 0.07 60.67 0.5 
R390 32787 0.00172 0.07 69.96 0.5 
R40 28869 0.00169 0.07 79.25 0.5 
R410 82591 0.00123 0.07 353.28 0.5 
R430 23621 0.00090 0.07 357.27 0.5 
R440 27611 0.00073 0.07 127.23 0.5 
R450 52592 0.00092 0.07 48.61 0.5 
R480 28308 0.00205 0.07 62.90 0.5 
R490 11548 0.00068 0.06 119.33 0.5 
R50 30017 0.00072 0.07 107.91 0.5 
R500 53011 0.00096 0.07 186.60 0.5 
R510 84162 0.00156 0.06 188.56 0.5 
R550 42960 0.00224 0.05 206.38 0.5 
R60 6201 0.00005 0.06 333.89 0.5 
R70 19926 0.00056 0.07 459.56 0.5 
R90 13750 0.00010 0.07 152.24 0.5 
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Appendix B 

 

Python Scripts 

Extract NetCDF files in ArcGIS and save as a raster: 
# Import arcpy module 
import arcpy 
from arcpy import env 
from arcpy.sa import * 
 
# Check out any necessary licenses 
arcpy.CheckOutExtension("3D") 
arcpy.CheckOutExtension("Spatial") 
 
# Sources: 
arcpy.env.overwriteOutput = True 
arcpy.env.workspace = "C:\\Documents and Settings\\EHill\\Desktop\\Shenandoah\\NLDAS" 
outputfolder = "C:\\Documents and Settings\\EHill\\Desktop\\Shenandoah\\NLDAS\\extract" 
 
# Loop: 
NCFiles = arcpy.ListFiles("*.nc") 
for filename in NCFiles: 
    print("Processing:" + filename) 
    inNCFiles = arcpy.env.workspace + "/" + filename 
    fileroot = filename[0:(len(filename)-3)] 
    TempLayerFile = "precip" 
    outNCFiles = outputfolder + "/" + fileroot 
 
    # Process: Make NetCDF Raster Layer: 
    arcpy.MakeNetCDFRasterLayer_md(inNCFiles, "APCPsfc_110_SFC_acc1h", "lon_110", 
"lat_110", TempLayerFile, "", "", "BY_VALUE") 
 
    # Process: Copy Raster: 
    arcpy.CopyRaster_management(TempLayerFile, outNCFiles + ".tif", "", "", "", "NONE", 
"NONE", "") 
 
Clip projected raster to watershed: 
# Import arcpy module 
import arcpy 
from arcpy import env 
from arcpy.sa import * 
 
# Check out any necessary licenses 
arcpy.CheckOutExtension("3D") 
arcpy.CheckOutExtension("Spatial") 
 
# Sources: 
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arcpy.env.overwriteOutput = True 
arcpy.env.workspace = "C:\\Documents and 
Settings\\EHill\\Desktop\\Shenandoah\\NLDAS\\projected" 
outputfolder = "C:\\Documents and Settings\\EHill\\Desktop\\Shenandoah\\NLDAS\\clipped" 
NLDAS_Grid_Reference = "swtshd.shp" 
 
# Loop: 
rasters = arcpy.ListRasters() 
for inRaster in rasters: 
    outRaster = outputfolder + "/" + inRaster 
 
    # Process: Extract by Mask 
    arcpy.gp.ExtractByMask_sa(inRaster, NLDAS_Grid_Reference, outRaster) 
 
 
Resample NLDAS grid cells to match cell size of grid cells in HEC-HMS: 
 
import arcpy 
from arcpy import sa 
arcpy.gp.overwriteOutput=True 
arcpy.CheckOutExtension("spatial") 
import glob 
 
Input=glob.glob("C:\\Documents and 
Settings\\EHill\\Desktop\\Shenandoah\\NLDAS\\final\\*tif") 
 
for i in Input: 
    arcpy.Resample_management(i, i+"_2000.tif", "2000", "NEAREST") 
 
Project raster: 
# Import arcpy module 
import arcpy 
from arcpy import env 
from arcpy.sa import * 
 
# Check out any necessary licenses 
arcpy.CheckOutExtension("3D") 
arcpy.CheckOutExtension("Spatial") 
 
arcpy.env.overwriteOutput = True 
arcpy.env.workspace = "C:\\Documents and 
Settings\\EHill\\Desktop\\Shenandoah\\NLDAS\\resample" 
outputfolder = "C:\\Documents and Settings\\EHill\\Desktop\\Shenandoah\\NLDAS\\projecta" 
 
# Loop: 
rasters = arcpy.ListRasters() 
for inRaster in rasters: 
    outRaster = outputfolder + "/" + inRaster 
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    # Process: Project Raster 
    arcpy.ProjectRaster_management(inRaster, outRaster, 
"PROJCS['USA_Contiguous_Albers_Equal_Area_Conic_USGS_version',GEOGCS['GCS_Nort
h_American_1983',DATUM['D_North_American_1983',SPHEROID['GRS_1980',6378137.0,29
8.257222101]],PRIMEM['Greenwich',0.0],UNIT['Degree',0.0174532925199433]],PROJECTIO
N['Albers'],PARAMETER['False_Easting',0.0],PARAMETER['False_Northing',0.0],PARAMET
ER['Central_Meridian',-
96.0],PARAMETER['Standard_Parallel_1',29.5],PARAMETER['Standard_Parallel_2',45.5],PA
RAMETER['Latitude_Of_Origin',23.0],UNIT['Meter',1.0]]", "NEAREST", "2000", "", "", 
"PROJCS['NAD_1983_UTM_Zone_18N',GEOGCS['GCS_North_American_1983',DATUM['D
_North_American_1983',SPHEROID['GRS_1980',6378137.0,298.257222101]],PRIMEM['Green
wich',0.0],UNIT['Degree',0.0174532925199433]],PROJECTION['Transverse_Mercator'],PARA
METER['false_easting',500000.0],PARAMETER['false_northing',0.0],PARAMETER['central_m
eridian',-
75.0],PARAMETER['scale_factor',0.9996],PARAMETER['latitude_of_origin',0.0],UNIT['Meter'
,1.0]]") 
 
Convert forcing units to depth of precipitation: 
# Import arcpy module 
import arcpy 
from arcpy import env 
from arcpy.sa import * 
 
# Check out any necessary licenses 
arcpy.CheckOutExtension("3D") 
arcpy.CheckOutExtension("Spatial") 
 
# Sources: 
arcpy.env.overwriteOutput = True 
arcpy.env.workspace = "C:\\Documents and 
Settings\\EHill\\Desktop\\Shenandoah\\NLDAS\\clipped" 
outputfolder = "C:\\Documents and Settings\\EHill\\Desktop\\Shenandoah\\NLDAS\\final" 
constant = "0.03937" 
 
# Loop: 
rasters = arcpy.ListRasters() 
for inRaster in rasters: 
    outRaster = outputfolder + "/" + inRaster 
 
    # Process: Times 
    arcpy.Times_3d(inRaster, constant, outRaster) 
 
Convert raster to ascii: 
import arcpy 
from arcpy import sa 
arcpy.gp.overwriteOutput=True 
arcpy.CheckOutExtension("spatial") 
import glob 
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Input=glob.glob("C:\\Documents and 
Settings\\EHill\\Desktop\\Shenandoah\\NLDAS\\projecta\\*tif") 
 
for i in Input: 
    arcpy.RasterToASCII_conversion(i, i+".asc") 
 
Compile ascii files into DSS: 
import os 
 
os.system(r"asc2dssGrid.exe INPUT=nldas_fora0125_h.a19951001.0000.002.tif_2000.tif.asc 
PATHNAME=//SHENANDOAH/PRECIPITATION/30SEP1995:2300/01Oct1995:0000/NLDA
S/ DSSFILE=NLDAS.dss GRIDTYPE=SHG DTYPE=PER-CUM DUNITS=IN") 
. 
. 
. 
os.system(r"asc2dssGrid.exe INPUT=nldas_fora0125_h.a19960930.2300.002.tif_2000.tif.asc 
PATHNAME=//SHENANDOAH/PRECIPITATION/30Sep1996:2200/30Sep1996:2300/NLDAS
/ DSSFILE=NLDAS.dss GRIDTYPE=SHG DTYPE=PER-CUM DUNITS=IN") 
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