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Integrated hydrologic models can be used to
explore groundwater surface water

INteractions

Traditional land surface models simplify
processes but are efficient

Integrated hydrologic models are
comprehensive but expensive



Integrated models as a tool to characterize the role of
groundwater in hydrologic systems

The role of storage changes in

Groundwater residence time Contributions of lateral subsurface e
distributions flow to transpiration partitioning surface water partitioning
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| Hyper-resolution
(1km?) ParFlow-
model covering
~6,000,000 km? of
the continental US
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Model Inputs: From
national datasets but
with customizations

* Topograph
* land cover
* soil properties

* hydraulic
conductivity

* atmospheric
forcings



This is a data and
computationally
intensive problem

* 500,000 core hours

* 2,000 cores

1 week wall clock

* 3TB Input

* 13TB total output

e 200GB summarized
output




Model Evaluation

¢ SNOTEL Sies

®  Syeam Gauges
Groundwalor Wells

~1.2 million
observations
available for
a one-year
simulation

378 SNOTEL Stations
3,050 USGS gages
29,385 USGS Wells
e Varying temporal
resolution



The ParFlow project has a diverse user community
and distributed development

200 users from academia, research and industry
with a range of backgrounds, HPC and
modeling experience

Ten developers from academia and national
laboratories worldwide

Range of priorities with no centralized funding

Open source, community development with
best software practices

https://www.parflow.org



IDEAS-Watersheds

Interoperable Design of Extreme-scale
Application Software (IDEAS)
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HydroFrame

A national community hydrologic modeling
framework for scientific discovery.
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Surface water bodies
Land energy fluxes
develop and evolve

controlled by soil ParFlow - CLM () dynamically based on

moisture and

. e 0 . topography and
atmospheric < 0 "k p. grapny
. l e < moisture content
variables A R A [ Nae
= : 7:’ Y o
e = i Vadose
/ . jzone
__E
ESatumed
:subsurhce
Variably saturated :
flow is solved
throughout the

subsurface (i.e. no a
priori specification of
vadose zone)




Simulation / Experiment Descriptors

Descriptor Descriptor definition

How acoessible is this parbcaular
version of B model'code? How
often does the code version
change? Ease of software
instaliation, setup, otc. IP barmiers,
ombargo periods for new model
development?

Model'Code Avallabiity'Ease of
uso

MHow speciaized the platform
Platiorm/System Avalablity nooded is (particular hardware,
compilers, source code needed)

Person-hours required to reproduce

Human Effort dataset

How much effort is it to get and
manage all the inputs used by the
simulation?

Simulation Inputs

Simulation / Experiment Descriptor Classes

SAVE MORE OUTPUT
Class 1

Dificult 10 acquire &
manage

Significant time &
expertise required to
replicate simulation.

Likely will require contact
with & guidance from
original data producer(s).

If inputs are difficult to
acquire & manage,
retaining output lowers
burden for others who
might want to re-run
model or use outputs.

SAVE LESS OUTPUT
Class 3

Model is sharsable, but Valdatod version of a highly
specific changes were accesstie model was used’.
implemeniod that make it | Easy to instal and run on many
TR Onments

Does not require specal
hardware resources 10 run

Trivial effort required to replicate
simulation for most end users.

Easy to acquire & manage

Theme

Accessibility

Accessibility



Simulation / Experiment Descriptors

Descriptor

Computational Cost

Siorage reeds'costs

Data vansfer cost

Foature Reproducteity

Descriptor definition

The economic cost (oombination of
run Sme and Compuler accass
Costs ) of completng he simulations

The volume of cuUput Pt s

actially generated by e model
aperrrent or smuiaston.

Limtarsons on transfernng data

The economic cost of archiving the
simuiations - who will pary for it now
and s Pe fure? And for how
long? Is Pove e avallabiey of »
Dudget, SISrNge SON0e, repo, el
Wilingness and means 10 curale,
mantain, and migrato as roeded.
now and o the Rtue. Tha
ndudes the svadabity of a
satablo reposiiony within Budoet

The abéty 10 regroduce speciic
{atrosphenc) featiures (of gves
SCale ) within an acceplable
staistcal range of emor

Simulation / Experiment Descriptor Classes

SAVE MORE OUTPUT
Class 1

SAVE LESS OUTPUT

Class 3

Theme




Questions?

lecondon@arizona.edu
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