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It’s Complicated… 



By the Numbers 

• GOA Drainage Basin = 450,000 sq. km. 

•  17% permanent snow / ice 

• Annual precipitation ~ 770 cu. km. 

• Annual runoff ~720 cu. km. 

• Annual glacier volume loss ~ 60 cu. km. 

• Annual evapotranspiration ~ 110 cu. km. 

 

 



Modeling Freshwater Discharge 

• Models inform at several levels 

– Characterizing existing conditions (total flow to GOA) 

– Exploring critical processes (impact of ice melt) 

– Estimating impacts of change (shift in snowmelt timing) 

• Pairing a question with a relevant modeling 
approach can be guided by understanding the 
hydrology and the modeling framework 



Streamflow metrics 

• Amount 

– Daily, monthly, annual flow statistics 

• Timing 

– Shifts in breakup date, length of high flows, 
diurnal flow 

• Extremes 

– Flood frequency, low-flow frequency, exceedance 
probability 

 



What drives streamflow? 

• Streamflow patterns are the ‘response’ of a 
particular landscape (terrain, landcover, etc.) 
to a particular meteorologic forcing (temp, 
precip, etc.) 

• Viewed as a hydrograph, the influence of 
various drivers can be identified, measured, 
and tracked over time 

 



Rain, snow, and glacier ice 

• The basic drivers of streamflow for streams in 
Alaska are rainfall, snowmelt, and melt of 
glacier ice. The relative strength and timing of 
these drivers vary. 

• Characterizing basins by their streamflow 
drivers provides an insightful window into the 
applicability of the modeling or analysis 
approach 



Examining long-term seasonal streamflow 
patterns 

• Local and regional categories emerge 

– Wide-ranging in case of snowmelt, for example 

– Can also be specific to a geography: mountain front, 
lowland, glacierized basin 

• Provides perspective not gained from a single year 

• Readily compiled from USGS daily streamflow 
statistics (see next slide) 



http://waterdata.usgs.gov/ak/nwis/sw 



Mean daily discharge, 

compiled from 14-38 

years of record. 

 

Modified from Figure 2, 

Wiley and Curran, 2003, 

USGS WRIR 03-4114 

Southeast Alaska 

Yukon Territory 

Southcentral Alaska 

Example: 
General categories 
of seasonal  
streamflow 
patterns in Alaska 
and transboundary 
waters (from Wiley 
and Curran, 2003) 



Example: Hydrologic Regime Typing  
(from Joel Trubilowicz) 

• Classify watershed sub-
basins into known 
hydrologic regimes in 
BC/AK region 

– Identify ‘prototype’ 
watersheds 

– Use K-nearest-
neighbour classification 
to fit ungauged basins 
to most similar 
prototype 

• Use HUC 
watersheds in 
Alaska and 
Freshwater Atlas in 
BC 
 



Example: Selecting index stations for 
estimating daily discharge (Susitna River Basin) 

• Hydrograph of all 
available stations 
(here by water 
year) highlighted 
obvious misfits to 
exclude from use 
as index stations 

• From Curran, 2012, 
USGS SIR 2012-
5210 



Susitna River basins categorized by streamflow driver 



Streamflow drivers for extremes can 
be different than for daily flows 



Overview of model approaches 

• Empirical (relatively easy to build and use) 
– Data driven, observation oriented. Cannot account for process. 

– Ex: Correlate a streamflow metric to watershed data (regression) 

• Conceptual (more challenging) 
– Parameterizes processes in terms of readily available data 

– Ex: “Temperature-index” models (snowmelt = function of T) 

• Physical or process-based (most challenging) 
– Follow laws of physics and use dynamic analysis to simulate process 

– Require large amts of input and validation data 

– Often incorporates precipitation, melt, evapotranspiration, and other 
processes 



Model considerations 

• Input data 

– Specific input data (particular climate dataset) 
may be required 

– Output is only as resolute, accurate, and process-
specific as the input 

• Spatial and temporal resolution 

– Is a 1 km grid, point estimate, or watershed-scale 
estimate suitable? 

– Is a daily, monthly, annual time step needed? 

 



Model limitations 

• Do the model assumptions allow changes in 
input data? Would using future climate 
variables violate assumptions? 

• Is the model transferable between streams 
with vastly different streamflow drivers? 

• Are the important processes included in the 
model? (make sure a glacier module is 
included if intent is to examine effect of 
reduction in glaciers) 



Some existing models for freshwater discharge 
in Southeast Alaska/Gulf of Alaska 

• Empirical:  
– Curran et al. (2016, 2003) – extremes (flood frequency, low-flow 

frequency) high-flow and low-flow duration 

– Hill et al. (2015; JGR) – monthly flows 

– Shanley and Albert (2014, PLoS ONE) 

• Conceptual 
– Wang (2004) – daily flows 

– Moore, Trubilowicz, and Buttle (2012) – water balance model, 
monthly flows 

• Physical 
– Beamer et al. (2016; WRR) – daily flows, 1 km scale 

 



Distributed Climate Water Balance 
Model (Trubilowicz) 

• Conceptually based water 
balance model 

• Monthly time step 
• Flexible spatial scale 

– 400 m resolution most common 

• Uses gridded climate data as 
input 

– http://climatewna.com/ClimateW
NA.aspx  

• Runoff, SWE, ET can be 
produced as output 

• Potentially useful for predicting 
future scenarios 

• Available as an R package 
– https://github.com/jwtrubil/DCWB

M  
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