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The City of Austin Watershed Protection Department (WPD) is charged with protecting 
the lives and property of City of Austin residents from flooding, erosion, and water 
pollution. To that end, WPD has developed watershed models to answer a variety of 
questions related to erosion and water pollution. The impetus for these models was the 
Stream Functional Pyramid developed by Harman et al (2012), which linked hydrology 
with geomorphology, chemistry, and biology. WPD then adapted this framework to 
include the human/social component in watershed science. With this framework, they 
are able to examine how these components interact with each other using four 
modeling techniques: sociological modeling, superforecasting, physics-based watershed 
models, and deep learning algorithms. Mr. Porras will discuss sociological modeling and 
superforecasting briefly, but focus this presentation on physics-based modeling and 
deep learning algorithms. Using these models at a fine scale, WPD is able to identify 
problems and propose solutions.
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How can we know what’s going on in our watersheds?

1. Superforecasting

2. Sociological modeling

3. Physics-based modeling

4. Deep learning



Superforecasting



How to know something with 
sparse data

▪ Will (hopefully) answer questions related to nature-based 
policies, projects, programs, and practices.  For example:

▪            How effective are education outreach programs in 
mitigating over-fertilization?

▪             How do the life cycle costs compare between concrete 
channels and natural riparian areas?

▪              How effective are biofiltration ponds at removing 
nutrients from the system?



Our Plan for Superforecasting

1 . S E N D  O U T R E A C H  T O  W A T E R S H E D  P R O T E C T I O N  

D E P T.

2 . H A V E  I N T E R E S T E D  P E R S O N S  T A K E  A N  A S S E S S M E N T

3 . B A S E D  O N  T H A T  A S S E S S M E N T  A N D  O T H E R  

C R I T E R I A ,  S E L E C T  T O P  1 0 - 1 5  P E O P L E

4 . T R A I N  T H E  S E L E C T E D  G R O U P

5 . S T A R T  S U P E R F O R E C A S T I N G !



Sociological modeling

MEASURING PEOPLE’S BEHAVIORS TO AN 
ACTION/INCENTIVE

SOCIO-HYDROLOGY



Sociological modeling – measuring latent 
variables



Sociological modeling – for raincatching 
actions

Problem 
Awareness Attitude Personal 

Norms

Behavior
Change

Social 
Capital



Sociological modeling – raincatching 
actions
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Norms
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Capital



Sociological modeling – measuring latent 
variables

Problem 
Awareness Attitude Personal 

Norms

Social 
Capital

Raincatching
Actions



Results from sociological modeling  raincatching 
actions



Physics-based modeling

G R I D D E D  S U R F A C E  S U B S U R F A C E  

H Y D R O L O G I C  A N A LY S I S  T O O L  

( G S S H A )



Urban Watershed Pyramid

14

Hydrology: Driver
(Catchment in/out, Hydrograph, Infiltration, H2O balance, Soil Moisture, etc.) 

Hydraulics/Geomorphology: Response/Driver
(Floodplains, Channels, Habitat, Sediment Transport, etc.)

Physicochemical: Response/Driver
(Nutrients, Temperature, E. coli, Contaminants, etc.)

Biology: Response
(Species, Communities, etc.)

Geology Climate



WMS – Land use



WMS – soil type



Hydrograph result





Study area



Study area-discretized



Urban Watershed Pyramid
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Hydrology: Driver
(Catchment in/out, Hydrograph, Infiltration, H2O balance, Soil Moisture, etc.) 

Hydraulics/Geomorphology: Response/Driver
(Floodplains, Channels, Habitat, Sediment Transport, etc.)

Physicochemical: Response/Driver
(Nutrients, Temperature, E. coli, Contaminants, etc.)

Biology: Response
(Species, Communities, etc.)

Geology Climate



Deep learning algorithms



USING DEEP LEARNING



Using Deep Learning with Hydrology

Observed 
Ecologic
Community 
Metric



Using Deep Learning with Hydrology

Testing

Training

TARGET INPUTS



Evaluating Deep Learning



Predicting Benthic Macroinvertebrates Metrics

From the watershed model, we have a hydrograph 

at every point.

Then, using the DL model, we can now estimate the 

Ecology metric at every point

We can then validate these models by sampling for 

Ecology metrics in the field

1. We can estimate the anthropogenic 
impact from land surfaces using literature 
values, Superforecasting, and sociological 
modeling 

2. We can use GIS data and climate data to 
estimate hydrographs all around Austin 
using physics-based models

3. Then we can use the outputs of the 
physics-based models with empirical data 
collected on ecological community 
metrics to train a DL model

4. Finally, we can make predictions of the 
ecological community metrics using the 
trained DL model

5. We can use this framework to include 
other environmental data, such as 



Meet the team

H A R S H I T A  M A H A S E T H

28

A N D R E W  C H U

Y O U N G - H O O N  J I N Y A Z M I N  A V I L A

A N G E L  S A N T I A G O



THANK YOU

Questions?

Abel Porras

512-468-7095

Abel.Porras@austintexas.gov
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