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 Model Calibration 

Instantaneous rainfall data was provided by USGS 131729144393766 (USGS -3766) 

for the period of October 2007 to March 2019. This rain gage is located near the coast at 

Umatac, Guam. As the topography of Guam has little effect on rainfall during major 

precipitation events, rainfall is expected to be similar near the coast and in the upper 

watershed . Due to the close proximity of USGS 3766 to the La Sa Fua and Umatac 

watersheds, use of other rainfall gages is not necessary for calibration. Hourly rainfall 

data at this rain gage was also available for the July 2002, Typhoon Chata’an event. 

The hyetograph for Typhoon Pongsona, December 8, 2002 was created by taking 

the total rainfall midnight-to-midnight December 7-8, 2002 as provided by the National 

Weather Service (2003), and creating a similar distribution to Typhoon Chata’an. The 

intent was to include a significant event in the calibration by creating a synthetic 

hyetograph; however, this methodology is not ideal and this event was not weighted 

strongly in determining the final optimized parameters. 

There is one continuous streamflow gage within the Umatac watershed: USGS 

16816000 (USGS 6000). The period of record for this gage is very limited: October 

2007 to September 2009. As such, the La Sa Fua watershed was also modeled in HMS 

and calibrated to a wider range of historical events. The streamflow gage on the La Sa 

Fua River, USGS 16809600 (USGS 9600), provides historical observations from June 

2000 to September 2018. Two events were selected for calibration purposes at Umatac: 

November 2007 and August 2009; and six events were selected for calibration 

purposes at La Sa Fua: July 2002, December 2002, August 2009, December 2009, July 

2012, and September 2015. 

Table 1-1 and Table 1-2 present the effectiveness of calibration efforts to match the 

historical peak flow and hydrograph for each event. The Nash-Sutcliffe model efficiency 

(NSE) coefficient is used to assess the predictive power of hydrologic models. This 

number can range from -∞ to 1. An efficiency of 1 corresponds to a perfect match of the 

simulated discharge to observed data (Moriasi, et al., 2007). Generally a model is 

sufficiently calibrated if the NSE is at least 0.6. Calibration of peak flow (Column D) was 

prioritized over hydrograph shape (Column E) for each event.  
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Table 1-1: Observed and Computed Peak Flows for the HEC-HMS 

Model, Umatac Watershed 

A B C D E 

Calibration 
Event 

Observed Peak 
Flow (m3/s) 

Computed Peak 
Flow (m3/s) 

Percent 
Difference (%) 

Nash-
Sutcliffe 

Nov 2007 74.5 74.5 0 0.713 

Aug 2009 90.9 89.2 1.89 0.822 

 

Table 1-2: Original and Calibrated Peak Flows for the HEC-HMS 

Model, La Sa Fua Watershed 

A B C D E 

Calibration 
Event 

Observed Peak 
Flow (m3/s) 

Computed Peak 
Flow (m3/s) 

Percent 
Difference (%) 

Nash-
Sutcliffe 

Jul 2002 60.6 60.3 0.496 0.614 

Dec 2002 28.6 28.7 0.350 0.219 

Aug 2009 28.1 28.7 2.11 0.680 

Dec 2009 40.5 40.7 0.493 0.657 

Jul 2012 43.6 43.6 0 
0.117 
0.8041 

Sep 2015 45.6 16.8 92.3 0.255 

Aug 2018 41.9 42.0 0.238 0.778 

Sep 2018 32.3 32.3 0 0.688 

1: rainfall data adjusted for a 30-minute delay; refer to Section 1.7. 
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 Umatac Watershed, November 2007 

As instantaneous streamflow data in the Umatac watershed is very limited, the 

November 19, 2007 event was selected for calibration as it was the most significant event 

in Water Year 2008. This event only corresponds to about a 50% to 20% AEP (2 to 5 year 

frequency) event. The resulting streamflow hydrograph simulated by the model (output) 

is shown as a solid blue line in Figure 1-1. Instantaneous stream flow recorded by USGS 

6000 was added as a reference and is shown as a solid black line, along with the peak 

flow for the event as a dashed black line. The percent difference between the observed 

and computed peak flow is 0% (perfect match); the NSE is 0.713 (good). 

 

 

Figure 1-1: HEC-HMS Calibration at Umatac Watershed, USGS -6000 for 

November 2007 
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 Umatac Watershed, August 2009 

Similar to the previous event, the August 4, 2009 event was selected for calibration 

as it was the most significant event in Water Year 2009. This event also corresponds to 

about a 50% to 20% AEP (2 to 5 year frequency). The resulting streamflow hydrograph 

simulated by the model (output) is shown as a solid blue line in Figure 1-2. Instantaneous 

stream flow recorded by USGS 6000 was added as a reference and is shown as a solid 

black line, along with the peak flow for the event as a dashed black line. The percent 

difference between the observed and computed peak flow is 1.89% (very good); the NSE 

is 0.822 (very good). 

 

Figure 1-2: HEC-HMS Calibration at Umatac Watershed, USGS -6000 for August 

2009 
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 La Sa Fua Watershed, July 2002 

On July 5, 2002, Typhoon Chata’an passed directly over northern Guam with a 

cumulative rainfall of more than 53 cm (21 in) over south-central Guam (USGS 2014). A 

thorough fact sheet of the event, Flooding Associated with Typhoon Chat’an, July 5, 2002, 

Guam, was published by the USGS and includes storm rainfall totals, maximum rainfall 

totals, and peak stages and/or flows for several rainfall and streamflow-gaging stations 

across Guam. This event has instantaneous data for both streamflow and precipitation, 

which makes it ideal for model calibration. This event corresponds to a 10% AEP (10 year 

frequency) event. It is the greatest recorded peak flow at USGS 9600. 

The hourly rainfall hyetograph for this event, as recorded by USGS 3766, was added 

to the HMS model (input). The resulting streamflow hydrograph simulated by the model 

(output) is shown as a blue line in Figure 1-3. Instantaneous stream flow recorded by 

USGS 9600 was added as a reference and is shown as a solid black line, along with the 

peak flow for the event as a dashed black line. The percent difference between the 

observed and computed peak flow is 0.496% (very good); the NSE is 0.614 (satisfactory). 

It is believed that the instantaneous data was collected at regular 15-minute intervals and 

the peak flow occurred at some point between two intervals. With consideration to this 

and the understanding that calibration of the model prioritized peak flow over hydrograph 

shape, the model is considered to be well calibrated to this event. 
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Figure 1-3: HEC-HMS Calibration at La Sa Fua Watershed, USGS 9600 for July 

2002 
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 La Sa Fua Watershed, December 2002 

Super Typhoon Pongsona, which arrived on December 8, 2002, is perceived locally 

as the worst typhoon to ever strike Guam. During this event, the most populated and 

developed part of the island experienced the worst part of the storm; the greatest 

amount of rainfall occurred in central Guam, 65 cm (26 in) over a 24-hour period. The 

southwestern region of Guam, where the La Sa Fua watershed is located, experienced 

much less rainfall than central Guam (about 23 cm or 9 inches over a 24-hour period). 

This event corresponds to greater than 50% AEP (less than 2 year frequency) for the La 

Sa Fua watershed. 

Instantaneous rainfall data was not available near the site. A synthetic hyetograph 

was created based on published estimates of total rainfall over a 24 hour period (NWS, 

2003) using a similar distribution to what was recorded for Typhoon Chata’an. However, 

this methodology is not ideal and this event was not weighted strongly in determining 

the final optimized parameters. Overall, the percent difference between the observed 

and computed peak flow is 0.350% (very good); the NSE is 0.219 (unsatisfactory). 



Flood Hazard Study for Umatac River Appendix B 

 

  

Figure 1-4: HEC-HMS Calibration at La Sa Fua Watershed, USGS 9600 for Dec 

2002
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 La Sa Fua Watershed, August 2009 

The August 4, 2009 rainfall event was the most significant event in Water Year 2009. 

The HMS model for the Umatac watershed was also calibrated to this event and described 

previously in Section 1.2. This event also corresponds to greater than 50% AEP (less 

than 2 year frequency) for the La Sa Fua watershed. 

The resulting streamflow hydrograph simulated by the model is shown as a blue line 

in Figure 1-5. Instantaneous stream flow recorded by USGS 6000 was added as a 

reference and is shown as a solid black line, along with the peak flow for the event as a 

dashed black line. The percent difference between the observed and computed peak flow 

is 2.11% (good); the NSE is 0.680 (satisfactory). 

 

Figure 1-5: HEC-HMS Calibration at La Sa Fua Watershed, USGS 9600 for Aug 

2009 
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 La Sa Fua Watershed, Dec 2009 

The December 24, 2009 rainfall event was the most significant event in Water Year 

2010. It was selected as a calibration event because it was the sixth largest peak flow 

recorded by USGS 9600 overall and instantaneous precipitation data was also available 

at USGS 3766 nearby. This event corresponds to a 50% AEP (2 year frequency) for the 

La Sa Fua watershed. 

The resulting streamflow hydrograph simulated by the model is shown as a blue line 

in Figure 1-6. Instantaneous stream flow recorded by USGS 6000 was added as a 

reference and is shown as a solid black line, along with the peak flow for the event as a 

dashed black line. The percent difference between the observed and computed peak flow 

is 0.493% (very good); the NSE is 0.657 (satisfactory). 

 

Figure 1-6: HEC-HMS Calibration at La Sa Fua Watershed, USGS 9600 for Dec 

2009 
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 La Sa Fua Watershed, July 2012 

A large cluster of thunderstorms, which would later become Severe Tropical Storm 

Khanun, were located to the northwest of Guam on July 12-13, 2012. The resulting rainfall 

led to USGS 9600 to record its fourth largest peak flow event. This event corresponds to 

a 50% AEP (2 year frequency) for the La Sa Fua watershed.  

The resulting streamflow hydrograph simulated by the model (output) is shown as a 

blue line in Figure 1-7. Instantaneous stream flow recorded by USGS 9600 was added as 

a reference and is shown as a solid black line, along with the peak flow for the event as 

a dashed black line. The percent difference between the observed and computed peak 

flow is 0% (perfect match); the NSE is 0.117 (unsatisfactory).  

 

Figure 1-7: HEC-HMS Calibration at La Sa Fua Watershed, USGS 9600 for July 

2012 
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The simulated hydrograph in Figure 1-7 is similar in shape to the observed 

hydrograph, but the early arrival of the peak runoff suggests that the time of concentration 

is too small. When the time of concentration is increased, the peak flow is greatly reduced 

and unable to be increased with adjustment of other parameters that are already at their 

minimum (e.g. storage coefficient, constant loss).  

It is reasonable to assume that during this event, rainfall occurred 30 minutes sooner 

in the La Sa Fua watershed than in the adjacent Umatac watershed where the rainfall 

gage is located. When the rainfall is adjusted for a 30 minute delay, the percent difference 

between the observed and computed peak flow is 0% (perfect match) and the NSE is 

0.804 (very good). 

 

 

Figure 1-8: HEC-HMS Calibration at La Sa Fua Watershed, USGS 9600 for July 

2012, Adjusted for 30-minute Delay in Precipitation 
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 La Sa Fua Watershed, September 2015 

As the second largest peak flow recorded on the Umatac River, the September 7-8, 

2015 event was initially included as a calibration event. Unfortunately, instantaneous 

streamflow data was only available at the La Sa Fua watershed and the HMS model was 

not able to replicate observed results effectively.  

The 15-minute rainfall hyetograph for this event, as recorded by USGS 3766, was 

added to the HMS model (input) and shown at the top of Figure 1-9. This event 

corresponds to just greater than 50% AEP (less than 2 year frequency) for the La Sa Fua 

watershed. The resulting streamflow hydrograph simulated by the model (output) is 

shown as a blue line at the bottom of the same figure. Instantaneous stream flow recorded 

by USGS 6000 was added as a reference and is shown as a solid black line, along with 

the peak flow for the event as a dashed black line. The percent difference between the 

observed and computed peak flow is 92.3% (unsatisfactory); the NSE is 0.255 

(unsatisfactory). 

This is likely caused by inaccurate rainfall data; it was either not recorded for the peak 

event which occurred at approximately 00:00 on 08 September 2015; or additional rainfall 

occurred in the La Sa Fua watershed, but not the Umatac watershed where the rainfall 

gage is located. Either way, the HMS model was not able to simulate observed results 

effectively due to inaccurate or incomplete rainfall input and was not used for calibration 

purposes. 
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Figure 1-9: HEC-HMS Calibration at La Sa Fua Watershed, September 2015 
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 La Sa Fua Watershed, Aug 2018 

Heavy rainfall during August 19-21, 2018 led to another significant flood event. The 

15-minute rainfall hyetograph for this event, as recorded by USGS 3766, was added to 

the HMS model. This event corresponds to just greater than 50% AEP (less than 2 year 

frequency) for the La Sa Fua watershed. The resulting streamflow hydrograph simulated 

by the model (output) is shown as a blue line at the bottom of the same figure. 

Instantaneous stream flow recorded by USGS 9600 was added as a reference and is 

shown as a solid black line. The percent difference between the observed and computed 

peak flow is 0.238% (very good); the NSE is 0.778 (good). 

 

 

Figure 1-10: HEC-HMS Calibration at La Sa Fua Watershed, September 2018 
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 La Sa Fua Watershed, September 2018 

A recent and largely significant event, Typhoon Mangkhut occurred on and around 

September 10, 2018. The 15-minute rainfall hyetograph for this event, as recorded by 

USGS 3766, was added to the HMS model. This event corresponds to just greater than 

50% AEP (less than 2 year frequency) for the La Sa Fua watershed. The resulting 

streamflow hydrograph simulated by the model (output) is shown as a blue line at the 

bottom of the same figure. Instantaneous stream flow recorded by USGS 9600 was added 

as a reference and is shown as a solid black line. The percent difference between the 

observed and computed peak flow is 0% (perfect match); the NSE is 0.688 (satisfactory). 

 

 

Figure 1-11: HEC-HMS Calibration at La Sa Fua Watershed, September 2018 
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Each calibration scenario was assigned a weight of influence from zero to five (0-5), 

with zero having no influence, on the final HMS parameters. This value was assigned 

based on engineering judgment with consideration towards the ability of the calibrated 

model to simulate the observed peak flow and shape of the hydrograph, significance of 

the storm event, and other special considerations described in the preceding sections. 

The assigned weights of influence and the final HMS parameters for the La Sa Fua 

watershed are presented in Table 1-3. 

Table 1-3: Initial and Final Parameters for the HEC-HMS Model, 

La Sa Fua Watershed, “LaSaFua_DA” Subbasin 

Calibration 
Scenario 

Initial 
Loss 
(mm) 

Constant 
Loss Rate 
(mm/hr) 

Time of 
Concentration 

(hr) 

Storage 
Coefficient 

(hr) 

Weight of 
Influence 

Initial 0.1 0.15 0.673 0.545 -- 

Jul 2002 10 3 0.8 0.6 5 

Dec 2002 15 5 0.1 2 1 

Aug 2009 40 15 0.5 0.65 3 

Dec 2009 20 13 0.1 0.4 3 

Jul 2012 25 0.1 0.28 0.1 2 

Sep 2015 10 3 1 0.1 0 

Aug 2018 30 3 0.34 0.3 3 

Sep 2018 45 1 0.3 0.3 3 

Final 26 5.81 0.419 0.508 -- 

Percent 
change (%) 

259 37.7 -0.377 -0.069 -- 

 

Determination of the final HMS parameters for the Umatac watershed was a little 

trickier as it relied upon calibration scenarios from both the Umatac and La Sa Fua 

watersheds. Both sites simulated the August 2009, which can be used to compare 

differences between the two watersheds. Overall, the percent change for constant loss 

rate and time of concentration from their initial values were similar for both sites; a greater 
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initial loss was used at La Sa Fua watershed; and the storage coefficient decreased for 

the Umatac watershed (in La Sa Fua, it increased).  

Table 1-4: Initial and Final Parameters for the HEC-HMS Model, 

Umatac Watershed, “Laelae_DA” Subbasin 

Calibration 
Scenario 

Initial 
Loss 
(mm) 

Constant 
Loss Rate 
(mm/hr) 

Time of 
Concentration 

(hr) 

Storage 
Coefficient 

(hr) 

Weight of 
Influence 

Initial 0.1 0.15 0.762 0.550 -- 

Nov 2007 3 1 0.7 0.18 3 

Aug 2009 11 15 0.6 0.25 3 

La Sa Fua1 25.9 5.81 0.474 0.512 5 

Final 12.7 3.53 0.585 0.490 -- 

Percent 
change (%) 

126 22.5 -0.233 -0.109 -- 

1: Percent change from Table 1-3 of the Initial values of Laelae_DA 

 

Table 1-5: Initial and Final Parameters for the HEC-HMS Model, 

Umatac Watershed, “Madog_DA” Subbasin 

Calibration 
Scenario 

Initial 
Loss 
(mm) 

Constant 
Loss Rate 
(mm/hr) 

Time of 
Concentration 

(hr) 

Storage 
Coefficient 

(hr) 

Weight of 
Influence 

Initial 0.1 0.15 0.482 0.264 -- 

Nov 2007 3 1 0.75 0.12 3 

Aug 2009 0.1 15 0.6 0.25 3 

La Sa Fua1 25.9 5.81 0.300 0.246 5 

Final 10.9 3.24 0.531 0.208 -- 

Percent 
change (%) 

108 20.6 0.101 -0.211 -- 

1: Percent change from Table 1-3 of the Initial values of Laelae_DA 
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Table 1-6: Initial and Final Parameters for the HEC-HMS Model, 

Umatac Watershed, “Umatac_DA” Subbasin 

Calibration 
Scenario 

Initial 
Loss 
(mm) 

Constant 
Loss Rate 
(mm/hr) 

Time of 
Concentration 

(hr) 

Storage 
Coefficient 

(hr) 

Weight of 
Influence 

Initial 0.1 0.15 0.239 0.178 -- 

Final 28.3 3.38 0.223 0.222 -- 

Percent 
change (%) 

117 21.5 -0.066 -0.160 -- 

 

 


