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APPENDIX B – Hydrologic Model – Spring Event 
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• Calibration and Validation Results 
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• Stage-Storage-Discharge: Richmond Fen – Goodwood Marsh 
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Calibration and Validation Results 
 
 
For the Spring runoff in 2003, snowpack data provided by the RVCA and temperature/rainfall data 
from AES Ottawa CDA were used to synthesize an input hyetograph for the Spring hydrologic 
model of the Jock River. The synthesis process is discussed, in more detail, in the “Design Flows” 
section and requires the use of a snowpack melt-factor in developing the input hyetograph.  
 
For the calibration and validation exercise, in which the elements of the hydrologic model are 
refined (API, infiltration, Tp, and CN), the melt-factor is a variable and is different for each year. It 
was determined by developing a “best fit” between observed snowpack behaviour and simulated 
snowpack behaviour. Figure B1(a) illustrates the impact of melt-factor on estimating snow pack 
melt behaviour by comparing observed water equivalent and estimated water equivalent (using 
melt-factor) during the Spring 2003 runoff: for this runoff event, a melt-factor of 1.99 was chosen 
as providing the best estimation of snowpack behaviour. While a melt-factor of 1.15 appears to 
provide a better fit with observed data, the tail-end of the snowpack depletion simulation using this 
factor, would significantly overestimate melt volume.   
 
The resulting synthetic hydrograph at Moodie Drive and the observed hydrograph at Moodie Drive 
were compared and adjustments made in the hydrologic model (API, infiltration, Tp, CN) until 
there was a “best fit” between peak magnitude, volume of runoff and timing. The final calibration 
result is provided in Figure B1(b): the “best fit” is adequate and the peak and volume are 
overestimated by 30% and 15% respectively. 
 
Spring runoff events in 1978, 1993, 1997 and 1998 were then simulated by the model and results 
were compared with observed flows. The comparison is illustrated in Figure B2 and shows a range 
of “fit” for peak, volume and timing. For two events the peak magnitudes are within 5% while for 
two others, they range between 15% and 30%. This suggests appropriate validation of the model.  
 
Additional validation of the model is obtained by comparing the results of Return Period design 
event simulations with the results of SSFA of the observed record of maximum instantaneous peak 
flows at Moodie Drive. Table B3 compares the results of three different design event assumptions 
regarding CN value during Spring runoff:  
 

� The first uses a fixed CN value of “35” and allows, in the SWMHYMO simulation, for 
snowmelt to be stored in the snowpack for release over a period of time; the acceptability of 
this approach was  confirmed by a recent project completed for the City of Gatineau (JFSA).   

� the second uses a fixed CN value of “90” to reflect frozen ground conditions and the high 
degree of imperviousness but no storage component. 

� The third uses a CN that varies according to Antecedent Precipitation Index (API), Initial 
Abstraction (IA) and  a storage factor (Sk)  – similar to the CN* approach used in 
QUALHYMO. 
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The comparison indicates that the CN=35 modeling assumptions provide peak flows that are within 
5% of the SSFA results for observed Spring peaks at Moodie Drive, for the 25, 50 and 100 year 
events. This provides additional support for model validity in the Jock River watershed. 
 
Design Flows 
 
 
The estimates of Spring flow, based on hydrologic model, were developed with several 
assumptions: 
 
1. “Return Period” synthetic springmelt hyetographs (hourly precipitation inputs in terms of 

snowmelt and rainfall) could be based on “Return Period” snowmelt+rainfall volumes 
developed by AES.  

a. These volumes are provided in the form of intensity, duration, frequency relationships 
(see Table B2).  

b. They were derived from statistical analysis (Gumbel Extreme Value) of maximum 
annual snowmelt+rainfall volumes: the volumes were developed for 1 to 30 day periods 
based on observed precipitation (snow + rain) and temperature at the Ottawa CDA site 
from 1890 through to 1997 (see Table B1).  

c. annual volumes were estimated by Environment Canada using a snowpack 
accumulation/depletion algorithm as identified in Figure B5 

 
2.  a 10 day melt event, as illustrated in Figure B3,  is a reasonable duration for a springmelt 

hyetograph: flow simulation results correlate well with the 100 year SSFA results for the 
Moodie Drive gauge as shown in Table B3.   

 
3. these volumes have been distributed over the 10 day duration in the following manner: The “1 

day” volume from Table B2 is assigned to day 5; the “2 day” volume minus the “1 day” volume 
is assigned to day 6; the “3 day” volume minus the “1 day” plus “2 day” volumes is assigned to 
day 4 (alternating volume placement about day 5) …. And so on until the 10 day event is 
constructed in terms of volume allocation on a daily basis.  

 
4. A sine curve distribution could be used to allocate snowmelt+rainfall volume on an hourly basis 

for each day of the 10 day event.  
 
The final simulated runoff hydrographs, for Spring events at Moodie Drive, with Return Periods 
ranging from 2 years to 100 years, are provided in Figure B4.   
 
 













Table B3 – Validation – At Moodie Drive - SSFA/observed vs. Design Event 
   
 
 
SPRING (Dec-Apr)      Flows (m3/s) 
  

Return Period (years) 
 
Flow     Flow Type 2 5 10 25 50 100 
Estimation 
Technique 
 
 
Design Event   Qmax inst 80 109 128 158 182 206 
(10 day return period 
rainfall+snowmellt) 
(CN=35) 
 
Design Event   Qmax inst 83 123 150 183 208 233 
(10 day return period 
rainfall+snowmellt) 
(CN=90) 
 
Design Event    Qmax inst 64 95 119 152 177 200 
(10 day return period 
rainfall+snowmellt) 
(CN=variable) 
 
SSFA – LP3   Qmax inst 91 123 142 160 181 196 
(observed) 
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Explanation of AES rain+snowmelt extreme value analysis 
Prepared by: 
Hydrometeorology Division, Canadian Climate Centre, Atmospheric Environment Service 
 
 
Daily rainfall and snowmelt estimates for the noted stations are analysed assuming a Gumbel 
extreme value distribution. Data are for the period of record shown on the attached computer 
printout. The results provide annual extreme values for durations from 1 to 30 days and estimated 
amounts for return periods up to 100 years. The snowmelt estimates were based on degree-day type 
equations. Five different snowmelt equations were used giving five different sets of snowmelt 
values. 
 
  
Data 
 The input data used in this analysis and in the calculation of the snowmelt estimates were daily 
maximum and minimum temperatures, daily rainfall total and daily depth of fresh snow 
measurements by ruler. A snow density of 0.1 was assumed to convert snow depth into its water 
equivalent.  Such snow measurements may not be spatially representative. The snowmelt estimates 
should therefore be considered with the same precaution in mind. 
 
 Snowmelt Calculation 
Daily snowmelt estimates were calculated using degree-day type equations. Five different equations 
were used and a description of each is given below. The units of measure indicated below are the 
units used in the original presentation of the model. All models and resulting output have been 
converted to metric (SI) units in the computer software. The algorithm for accumulating and 
depleting the snow pack is given in Figure B5. 
 
Method of Analysis 
The algorithm is based upon synthetic snowpacks which are accumulated according to the daily 
snowfall measurements and depleted according to the snowmelt as determined by each of the 
snowmelt models. The algorithm ceases to operate when the synthetic snowpack is reduced to zero. 
Daily rainfall is added to the daily snowmelt as calculated by each model and the maxima of the 
combined rain plus snowmelt values are used to determine the annual maximum series for the 
different durations. 
  
Maximum annual values for rainfall plus snowmelt for each of the five snowmelt estimate data sets 
were determined for 1 to 30 day periods. These annual maximum value series were then analyzed 
assuming a Gumbel extreme value (EV1) distribution and using a method of moments fit (see Hogg 
and Carr, 1985) to derive extreme value estimates for return periods up to 100  years. The annual 
maximum values for each duration period have been tabulated together with the starting date of 
each maximum event. 
  
No attempt was made to estimate missing data. Periods with missing data were not analyzed for 
maximum values but an annual maximum was still deter mined provided 90% of the data were 
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available for the critical period of the year as specified on the printout. Such annual maxima based 
on an incomplete data year are flagged; (**). 
  
Rigorous testing of the annual maximum series for goodness of fit to the Gumbel distribution has 
not been done. However, plots of several randomly chosen series on Gumbel graph paper have 
shown reasonably good fits. (See Louie and Hogg, 1980) 
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1)   Model 1 - Eastern Canada Forested Basin 
           SM1 = 0.0397 (Ta - 27.6)   (inches/day) 
          Ta  = mean daily air temperatures F 
           Ref: Pysklywec, D.W., K.S. Davar and D.I. Bray (1968): Snowmelt at 
               an Index Plot, Water Resour. Res., 4(5), 937-946. 
  
2)   Model 2 - Western North America Mountain Basin 
           SM2 = (0.074 + 0.007 R) (Ta - 32) + 0.05   (inches/day) 
          R   = daily rainfall in inches 
          Ta  = mean daily air temperature F 
           Ref: United States Army Corps of Engineers (1956): Snow Hydrology,  

North Pacific Division, Portland, Oregon 
  
3)   Model 3 - Western Canada Mountain Basin 
           SM3 = 3.0 (Ta + TCA) (((Tx - TN)/8) + TN)  (mm/day) 
          Ta  = mean daily air temperatures C 
          Tx  = maximum daily temperature C 
          TN  = minimum daily temperature C 
          TCA = (TN/4.4) but must be IN THE RANGE OF 0 TO 1.5 
           Ref: Quick, M.C. and A. Pipes (1975): The UBC Watershed Model, 
               Proceedings of Symposium in Bratislava, Application of 
               Mathematical Models in Hydrology and Water Resource Systems, 
               IAHS Pub. No. 115 
  
     4)   Model 4 - Southern Ontario 
           SM4 = 0.02 (Tx - 32)   (inches/day) 
          Tx  = maximum daily air temperature F 
           Ref: Bruce, J.P. and R.H. Clark (1966): Introduction to Hydro 
               meteorology, p. 257, Pergamon Press, Toronto 
  
     5)   Model 5 - Modification of Model 4 
           SM5 = 0.08 (Ta - 32)   (inches/day) 
          Ta  = mean daily air temperature F 
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FIGURE B5 
  
            ALGORITHM FOR ACCUMULATING AND DEPLETING 
                      THE SNOWPACK 
                   _____________________ 
                  |                     | 
                  | INITIALIZE SNOWPACK | 
                  |       TO ZERO       | 
                  |_____________________| 
                             | 
          ___________________| 
         |                   | 
         |       ____________|____________ 
         |      |                         | 
         |      | INPUT DAILY MAX. & MIN. | 
         |      | TEMP. PLUS DAILY RAIN   | 
         |      |       AND SNOW          | 
         |      |_________________________| 
         |                   | 
         |                   | 
         |        ___________|___________ 
         |       |                       |           ______ 
         |       |          TEST         |          |      | 
         |       |       END OF DATA     |--- YES---| STOP | 
         |       |_______________________|          |______| 
         |                   | 
         |                  NO 
         |        ___________|___________ 
         |       |                       | 
         |       |  ADD SNOWFALL DATA TO | 
         |       |        SNOWPACK       | 
         |       |_______________________| 
         |                   | 
         |           ________|________ 
         |          |                 | 
         |          | CALCULATE DAILY | 
         |          |     SNOWMELT    | 
         |          |_________________| 
         |                   | 
         |                   | 
         |        ___________|___________ 
         |       |                       | 
         |       |         TEST          | 
         |       | SNOWMELT > SNOWPACK   |--- YES ----- 
         |       |_______________________|             | 
         |                   |                _________|___________ 
         |                  NO               |                     | 
         |                   |               | MAKE SNOWMELT EQUAL | 
         |                   |---------------|     TO SNOWPACK     | 
         |                   |               |_____________________| 
         |       ____________|____________ 
         |      |                         | 
         |      |   DEPLETE SNOWPACK BY   | 
         |______|     AMOUNT OF DAILY     | 
                |        SNOWMELT         | 
                |_________________________| 
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