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The Study ObjectivesThe Study Objectives

Develop a modeling system that produces likely future 
streamflow scenarios at the Nogales USGS Gauge site. 

Integrate the future streamflow scenarios with a 
groundwater model

Evaluate the future streamflow – groundwater response in 
various schemes of water consumptions.
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Zoom into the study areaZoom into the study area
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LandscapeLandscape
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Trends in summer (Jul-Aug) flowTrends in summer (Jul-Aug) flow
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Pool and Coes (1999) found similar trend in Charleston gauge –San Pedro
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Variability in Monthly FlowVariability in Monthly Flow
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Nogales precipitation Vs. climatic indicesNogales precipitation Vs. climatic indices

Correlations with Nogales precipitation (1915-2000).
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Simulation of Precipitation Vs. StreamflowSimulation of Precipitation Vs. Streamflow

Precipitation (Pros)
Better linked to climatic forcing and global circulation 
Less affected by geomorphological changes and human 
activity in regional scale.
Independent of the basin antecedent condition 

Precipitation (Cons) 
Point measurement rather than areal measurement that 
contributes to the flow. 
Requires a model to transform into streamflow
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Daily streamflow transformation model 
for the basin outlet

Groundwater storage changes in the 
downstream aquifers

Long term risk assessment for a variety 
of management schemes

Stochastic hourly precipitation over the 
basin drainage area

Daily streamflow transformation model 
for the basin outlet

Groundwater storage changes in the 
downstream aquifers

Long term risk assessment for a variety 
of management schemes

Stochastic hourly precipitation over the 
basin drainage area

The Modeling Scheme The Modeling Scheme 
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Total Seasonal Flow Total Seasonal Flow 
Seasonal division:
Winter: November-March
Spring: April–June
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Evaluation of the simulated streamflow
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Precipitation estimates from tree-ringsPrecipitation estimates from tree-rings

Current record

Reconstructed by, David Meko, The Tree-Ring Research Laboratory, The University of Arizona
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How can the model output be used?How can the model output be used?

Time  

Flow

Ensemble of possible scenarios

Threshold

Water consumption

Well

Groundwater Storage

Chance to drop 
bellow the t-hold

Aquifer

Risk Analysis
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Various water consumption scenarios
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Ensemble with 100 realizations

Ensemble with 1000 realizations

Consecutive monthly stress 

Consecutive Months Below 50%

Consecutive Months Below 50%
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Future ChallengesFuture Challenges

The use of risk analysis as exemplified in this work 
in collaboration with regional officials and 
agencies to establish policy regarding regional 
development.

Incorporation of climate change scenarios to 
possibly improve the generation of future 
streamflow ensembles. 

Application in other semi-arid or arid regions
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http://www.hrc-lab.org/projects/dsp_projectSubPage.php?subpage=santacruz

Project Report:
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Precipitation EvaluationPrecipitation Evaluation

Medium Summer

Red –Observed
Blue -Simulated
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Nogales GaugeNogales Gauge

Nogales gauge hydrograph
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Precipitation areal distributionPrecipitation areal distribution

How is precipitation distributed over the area?

With the lack of dense raingauges, we used:

Regional atmospheric model with high spatial resolution 
Analysis was done for 6 historical winter storms
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Areal distribution of precipitation for 6 winter storms
from regional atmospheric model
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Stochastic Hourly Precipitation Model
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Exponential Distribution cont.Exponential Distribution cont.
Table B-2:  Parameter values of the exponential distributions that are used to simulate the hourly 
precipitation at Nogales. In parenthesis are the fitted parameters that are used to match the flow. 
 Cluster inter arrival 

period 
Duration of 

cluster 
Hourly precipitation magnitude 

 A B A B A B 
 Winter:  Wet 0.06  0.17  0.02 0.26 0.02 0.1 (0.5) 

               Medium  0.11 0.4 -0.05 0.1 0.008 0.14 

               Dry 0.12 0.3 -0.04 0.1 0.08 0.12 

Summer: Wet 0.06 0.4  (0.1) 0.02 0.17 -0.04 0.13 (0.5) 

              Medium 0.04 0.5 (0.15) -0.01 0.3 (0.2) -0.03 0.1 

       Dry 0.02 0.45 (0.4) -0.015 0.2  -0.04 0.15 (0.1) 

 Hourly precipitation 
chance 

  Magnitude 

Fall -0.03 0.2 (0.05)   -.009 0.04 (0.015) 

Spring  0.04 0.24    -0.01 0.087 (0.01)  
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Seasonal Daily flow of the three moments

simulations are from 100 realizations 100 year each. (mean and the standard deviation of the moments from the 100 realizations).
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Ensemble of 100 realizations using the tree ring 
reconstruction of precipitation

Ensemble of 100 realizations using the tree ring 
reconstruction of precipitation


