Study guide for stream flow response to precipitation
Vocabulary:
Rising limb (hydrograph rise), falling limb (hydrograph recession), base flow, peak flow, event flow (quick flow), baseflow index, runoff ratio (for event flow), old water, new water, source water separation, load, end member mixing analysis (EMMA), transfer function, rational method, design flood, time of rise, time of concentration, SCS (or NRCS) curve number method, effective rainfall (another name for event flow), curve number, maximum storage volume, retention storage volume, initial abstraction storage volume, unit hydrograph
Concepts:
[bookmark: _GoBack]Understand how to interpret the baseflow index, where streams and rivers with a high baseflow index are less likely to respond to precipitation or have less flashy responses to storms.
Understand how to interpret the runoff ratio for storms, when the change in storage can no longer assumed to be negligible.  In other words, understand how the runoff ratio for runoff during a storm represents partitioning of precipitation between runoff and storage.
Understand how to perform hydrograph separation between base flow and event flow based on the simple straight line graphical method (from the initial rise to the transition back to base flow).  Understand how to interpret the results of the separation. 
Understand that event flow is the difference between the stream hydrograph and base flow.  Understand that runoff ratio for event flow (i.e., total event flow divided by the total precipitation for the event) is typically much smaller than 1, indicating that much of the precipitation input is not part of event flow output.
Understand what a solute or material transport load is, and how it can be calculated from the product of discharge and concentration.
Understand how to use a solute water quality concentration (or an indicator like electrical conductivity) to perform a simple source water separation estimate between “old” and “new” water.  Understand “old” represents water already in the watershed and “new” represents water introduced to the watershed as rainfall.  Understand the assumptions that affect the accuracy of this method.
Understand that a large fraction of an event flow may be composed of “old” water.
Understand the concept that energy moves faster than water through a watershed, and that arrival of a high flow is an indication of the arrival of the pressure wave and not necessarily the arrival of the precipitation water that caused the flood.  (One of the mechanisms that explains the large fraction of “old” water in event flow.)
Understand the concept that a watershed acts as a transfer function from the rainfall input function to the output event flow hydrograph function.
Understand how the SCS (or NRCS) curve method is used to approximate the transfer function of the watershed.  Understand how the curve number, time of concentration, and area of the watershed represent different characteristics of the watershed necessary to predict effective rainfall (event flow) and peak flow from an event.
Understand that empirical methods such as the rational and SCS (or NRCS) curve number methods are only suitable for small catchments, because they do not take into account the time for transport in larger river networks.
Understand the concept of the unit hydrograph as a scaled representation of residence time in the watershed from a unit input of precipitation.

Useful equations:
Event flow () is the difference between the stream hyrograph () and the base flow () determined from a hydrograph separation.

Runoff ratio for a storm event () is the total amount of event flow (area under event flow curve, ) divided by the total amount of precipitation (area under hyetograph, ).

The load of material transported by water (, dimensions mass per time [M T-1]) is the product of the discharge of the water (, dimensions volume per time [L3 T-1]) and the concentration (, dimensions mass per volume [M L-3]) of the material dissolved or suspended in the water.

For a two-end-member mixing model, stream flow () is a mixture of old water (water already in the watershed, ) and new water (water input to the watershed by rainfall, ).

For a two-end-member mixing model, the total load of a solute in stream water () is the sum of the loads from the old water () and new water ().

The last 2 equations combined provide end member mixing estimates of the contributions of old water and new water to stream flow, given known concentrations of the solute in the stream (), old () and new () water.



The SCS (or NRCS) curve method is an empirical estimate of the effective rainfall (, or event flow ) resulting from a storm on a watershed.  It first requires calculation of a maximum volume of water storage (, area normalized) from the curve number ().
For units of inches:  		For units of mm:  

where  is the total volume of rainfall for the storm.  Units of  and  need to be consistent with the units calculated for  from the curve number equation.  Note that for this formulation of the method,  is an approximation of the portion of storage considered to be the rapidly responding “initial abstraction” potential of the watershed, which means that a total precipitation less than the initial abstraction can be entirely stored in the watershed and will not generate event flow.  In other words, only total precipitation above the threshold  has potential to generate event flow.
The peak flow can be estimated from the SCS method with another set of empirical equations, based on the assumption of a triangular hydrograph.  First, estimate the time of rise ( of the hydrograph.

where  is the duration of the storm, and  is an estimate of the time of concentration for the watershed.  All times must be in units of hours.
The peak flow can then be estimated from the time of rise and the effective rainfall.
For units of ft3 sec-1 with  in inches and watershed area () in mi2:  
For units of m3 sec-1 with  in mm and watershed area () in km2:  

