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Chapter 9-Terms, Problems and Questions
A. Terms
	channel precipitation             modified Berggren equation     soil latent heat

	freezing degree-days             overland flow                            soil thermal conductivity

	fusion parameter                    permafrost                                subsurface stormflow

	groundwater flow                  rain-on-snow flood                    thermal ratio

	hydrograph                             routing coefficients                   translatory flow

	infiltration capacity                saturated overland flow            water balance

	lag times                                 soil heat capacity



B. Problems

9.1.  Compute the average vapor exchange rate (cm d-1) of a subfreezing snowpack during a five-day period during which snowpack water equivalent increased from 14.8 cm to 16.3 and snowfall equal to 1.7 cm water equivalent occurred.  Assume no melting occurred during the period.  (Answer: 0.04 cm d-1) 
9.2.  Estimate the average melt rate of a ripe snowpack (cm d-1) during a five-day melting period during which water equivalent of the snowpack declined from 16.3 to 5.6 cm, 0.33 cm of rainfall fell, and no net vapor exchange occurred.  Assume no net change in liquid water storage occurred during the period.  (Answer: 2.14 cm d-1)

9.3.  Compute the total lag time and storage losses that would occur before liquid water could appear at the base of a 100-cm deep snowpack with a cold content of 2 cm, a water equivalent of 32 cm, and a liquid water holding capacity of 3 % by weight, if the daily melt rate is 0.6 cm d-1 and the rate of water movement in ripe snow averages 0.5 cm min-1. (Answer: 5.07 days time lag, 2.96 cm storage losses)

9.4.  Using the lag and route procedure complete the following table using a lag of 1 hour and routing coefficient of 0.4 hr-1.  Compare graphs of the storage and outflow over time with those in Table 9.1 to see effects of changes in the routing coefficient.

	Time, hrs.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Input Melt, mm
	2
	6
	12
	6
	2
	0
	0
	0
	0
	0
	0
	0

	Lagged Input, mm
	0
	
	
	
	
	
	
	
	
	
	
	

	Storage, mm
	0
	
	
	
	
	
	
	
	
	
	
	

	Outflow, mm
	0
	
	
	
	
	
	
	
	
	
	
	


9.5.   Estimate the maximum depth of soil frost penetration for a site in the Rocky Mountains of southern Colorado that has a mean number of freezing degree-days of 556 (C-days, a mean annual air temperature of 7.22(C, and a mean duration of the freezing period of 80 days.  Assume a clay loam soil with a thermal conductivity of 0.978 W m-1 (K-1, a dry density of 1,200 kg m-3, and a water content of 22% by weight. (Answer: 0.841 m)

9.6.  During a 24-hr period with an estimated melt rate of 2.4 cm, determine the cumulative infiltration capacity of a frozen boreal forest soil with a temperature of -4(C, surface saturation of 0.7, and initial liquid saturation of 0.4.  Also determine if all meltwater could infiltrate the soil during that period. (Answer: 0.538 cm, no)

C. Questions

9.1  What are the errors inherent in determining melt rates using a snowpack mass balance?

9.2  How does the delivery of meltwater to stream channels along the four major hydrologic flow paths differ from that for rainfall?

9.3  How does increasing soil water content affect depth of soil frost formation? 

9.4  Describe the major factors affecting the infiltration capacity of soil frost layers.

9.5  How do streamflow hydrographs from snowmelt differ from those from rainfall?

9.6  What are the conditions favorable for large rain-on-snow flood events?

