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MotivationMotivation



What is What is stationaritystationarity??

““A stationary process has the property that A stationary process has the property that 
the mean, variance and autocorrelation the mean, variance and autocorrelation 
structure do not change over time.structure do not change over time.””

http://www.itl.nist.gov/div898/handbook/pmc/section4/pmc442.htm



Project RationaleProject Rationale
Many water policy, management and infrastructure Many water policy, management and infrastructure 
design decisions rest on the design decisions rest on the stationaritystationarity assumptionassumption

There is considerable There is considerable uncertaintyuncertainty surrounding the effects surrounding the effects 
of climate change on precipitation and of climate change on precipitation and streamflowstreamflow in the in the 
northeast regionnortheast region

Preparation for and Preparation for and adaptation to potential changeadaptation to potential change must must 
include exploring the sensitivity of desired outcomes to include exploring the sensitivity of desired outcomes to 
nonnon--stationaritystationarity in hydrologic parametersin hydrologic parameters



ObjectiveObjective

Design a modeling tool that will allow Design a modeling tool that will allow 
users to investigate how the outcomes of users to investigate how the outcomes of 
reservoir release policies may be affected reservoir release policies may be affected 
by nonby non--stationaritystationarity in input in input streamflowstreamflow
statisticsstatistics



TodayToday’’s Talks Talk

I.I. Main components of the basic reservoir Main components of the basic reservoir 
flow modelflow model

II.II. Design goalsDesign goals for hydrograph alteration for hydrograph alteration 
componentcomponent

III.III. ImplementationImplementation
IV.IV. Testing,Testing, refinementrefinement
V.V. Example applicationExample application: Pseudo: Pseudo--Climate Climate 

ChangeChange
VI.VI. Future WorkFuture Work



I. The CTIWR Reservoir ModelI. The CTIWR Reservoir Model



GUI: Basic Runtime OptionsGUI: Basic Runtime Options



GUI: Input GUI: Input 
ParametersParameters



II. Design goals for hydrologic II. Design goals for hydrologic 
alteration componentalteration component

EX:  EX:  ““More total annual flow, higher winter flows, More total annual flow, higher winter flows, 
lower summer flows, more variabilitylower summer flows, more variability””
Must be able to change both the overall series Must be able to change both the overall series 
statistics, individual monthly statistics, or both statistics, individual monthly statistics, or both 
simultaneouslysimultaneously
Must be able to manipulate separate statistical Must be able to manipulate separate statistical 
parameters independently or simultaneouslyparameters independently or simultaneously
Must be able to apply constant changes, trends Must be able to apply constant changes, trends 
or bothor both



III.III. ImplementationImplementation
Initial Signal Decomposition: Mean, Initial Signal Decomposition: Mean, 

Standard Deviation, Random ProcessStandard Deviation, Random Process



Alteration Method: Linear Scaling Alteration Method: Linear Scaling 
FunctionsFunctions

Four pre-calculated altered, 
statistical parameters:

• Monthly  means

• Monthly standard deviation

• Series means

• Series standard deviations



Internal Processing StepsInternal Processing Steps

Step 1. Extract the random process using 
the pre-calculated statistical parameters

Step 2. Alter the statistical parameters

Step 3. Reconstruct a hydrograph using 
ORIGINAL random process and 
ALTERED statistical parameters



GUI:  Hydrograph AlterationGUI:  Hydrograph Alteration



IV. Testing the Alteration ProcessIV. Testing the Alteration Process

Test QuestionsTest Questions
Is the intended parameter scaled Is the intended parameter scaled 
appropriately?appropriately?
Are there any significant, unintended side Are there any significant, unintended side 
effects?effects?
Will this work on actual Will this work on actual streamflowstreamflow data?data?



Alteration Test ScenariosAlteration Test Scenarios
Intercept terms only, not trend termsIntercept terms only, not trend terms
Data: Normal(1,1), Hubbard Brook 40 yrData: Normal(1,1), Hubbard Brook 40 yr
Scaled Series MeanScaled Series Mean
Scaled Series Standard DeviationScaled Series Standard Deviation
Scaled Scaled ““MarchMarch”” MeanMean
Scaled Scaled ““SeptemberSeptember”” Standard DeviationStandard Deviation
““Climate Change:Climate Change:””

Overall mean:  1.05Overall mean:  1.05
Monthly means:  OctMonthly means:  Oct--Mar, 1.1, AprMar, 1.1, Apr--Sep, 0.9Sep, 0.9
Overall standard deviation: 1.2Overall standard deviation: 1.2



Evaluation Metric: Altered/Evaluation Metric: Altered/OrigOrig

Series Mean: 1.1 – 1.9

Series SD: 1.1 – 1.9

March Mean: 1.1 – 1.9

September SD: 1.1 – 1.9

Means        SD                     Means        SD

Noise (1,1)                       Hubbard Brook 40 yr

“Climate Change”



V.V. Effects of Alteration on Flow: Effects of Alteration on Flow: 
PseudoPseudo--ClimateClimate--Change ScenarioChange Scenario

NO CHANGE IN SAFE YIELD FOR STORAGE RATIO .6 

HUBBARD BROOK:  Release Rule: Fixed Constant Augmented, .2cfsm
ALTERATION:  Series Mean: 1.05,  Series SD:  1.3

“Wet” Mo Means: 1.1 “Dry” Mo Means: 0.8
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VII.  Future workVII.  Future work

Current Approach: Mean, SD:Current Approach: Mean, SD:
Finish testing, trend termFinish testing, trend term
Decide how to handle negative flows (most likely by Decide how to handle negative flows (most likely by 
doing log transformation)doing log transformation)

Refined Approach:  Stochastic parameterization Refined Approach:  Stochastic parameterization 
((ieie, autoregressive or similar), autoregressive or similar)
Evaluate robustness of release policies in the Evaluate robustness of release policies in the 
under different hydrologic alteration scenariosunder different hydrologic alteration scenarios
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