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ISnobal Overview

Physically based snow model
(Marks et al. 1999)

Varying spatial and temporal
resolution

Easily handles rain and rain on
snow events

O Important for flood
forecasting

O Risk management and
mitigation
Input data

O Air temp, RH, precipitation,
wind, radiation

O New framework for

developing forcing data
(SMRF)

% Jet Propulsion Laboratory

California Institute of Technology

Forcing Variables

Incoming Thermal Radiation

Net Solar Radiation
Precipitation Mass

Soil Temperature

Air Temperature

Vapor Pressure

Wind Speed \

iSnobal:

an energy balance
snowmelt
model

Latent Heat Exchange
Net All-wave Radiation
Sensible Heat Exchange
Snow/Soil Heat Exchange

Advection from Precipitation

Energy Fluxes

State Variables

Average Snow Liquid
Water Content

Average Snow Cover
Temperature

Snow Surface Layer
Temperature

Snow Density

Snow Depth

Melt

Evaporation

Cold Content
Surface Water Input

Mass Fluxes
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Why hasn’t iSnobal been implemented yet?

Limits to development of forcing data
Computational limits on running iSnobal

This effort is possible because we have addressed and
solved these problems




Why hasn’t iSnobal been implemented yet?

Limits to development of forcing data
Computational limits on running iSnobal

This effort is possible because we have addressed and
solved these problems

Solved the forcing data problem — a 200X improvement!

I/O and parallel improvements in model software — a
10-20X improvement!

O All the improvements were made possible by the work
in ldaho with USBR and NRCS




Operational Application

WY 2016 Boise River Basin

02-Oct-2015 iszggobal Results Water Storage [KAF]
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SMRF and iSnobal now make it operationally feasible to run a

physically based model at large scales e e e




Operational Application

WY 2016 Boise River
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From research to operations
COLong term model runs
LI Build new forecast relationships




Long Term Runs
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Long Term Runs
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Long Term Runs:

Run SMRF/iSnobal

Model results

For the past 15 years
O Run iSnobal

|

Featherville, Idaho Gauging Station
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Analyze the forcing data and
model outputs
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O Build new relationships

Oct Jan Apr Jul

O Based on 15 years instead

of 4
Massive support from water -
managers to build these new k5 - \
. . b P 0‘()'a Ve
relationships = = -\5(\//
O Bridges the gap from current o PR /,/’//
methods to the new methods = L f;,//

O Make decisions with less risk
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A plan going forward




Technology Transfer

| Today l 5 years l 10 years E

Product improvement

Testing with end users for
implementation

Begin transitioning
products to operational
users

% Jet Propulsion Laboratory

California Institute of Technology

Run new products
parallel with old methods

ARS will provide support
on implementation

Tuning products to the
application

Parallel testing complete

Full implementation of
new water supply
forecasting




The Partnerships

~ )
_ Development
Next generation NASA-JPL and
water supply B
forecast USDA-AR'S
partnership
\_ / _

RN

[ RS ][ USER ][ CDWR ] Implementation into
operational practice




Overall Project Stucture

Airborne Snow Observatory
(ASO)

O Lidar over flights measure snow
height multiple times per winter

O Combine with ARS modeled snow
density

O Produce snapshot of basin SWE

Airborne
Snhow
Observatory

ARS
Research

ARS Research

O Model research and development
Operational

: O Develop new forecasting methods
Institute

O Develop improved physically based
models

Operational Institute

O Provides operational products to
stakeholders

O Delivers snapshots of basin SWE

O Operational application of ARS
research developments
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ASO  €—>

Airborne Snow Observatory =<, >

Partnership between
NASA-JPL and USDA-
ARS

Close to becoming fully
operational

Large support for
biweekly flights in
numerous CA basins

Aimed at improving
information for CA
Department of \Water
Resources

Data
Processing

ARS:
Real time
modeling




ARS Research

Developing new forecast methods

O Based on physically based
models

ARS
Modeling

Develop 15 year datasets

O Run iSnobal and hydrology
model

Statistical
forecasts
15 year data

Improved
operational
models

Produce new statistical forecasts
from distributed model results

O Aims to redo current methods

O Ensures easier transition for . 2
operational users Stakeholders
tF)’rowccjle |rndpr|oved physically CDWR RES
ased models (Institute)

O Pass to operational users for

application

N<A})A USDA 500 parkBiva., suite 105
—_— Boise, Idaho 83712 aa
) " JetPropulsion Laboratory _ (208) 4220700

California Institute of Technology




Operational Institute

Critical infrastructure
necessary for long term
technology transfer:

O Modeling
O Over flights

Implements the ARS
research in operational
mode

O Transition all research
within 10 years

Uses ASO measurements

Airborne
Snow
Observatory

ARS
Research

Operational
Institute

and ARS models to Stakeholders
provide operational CDWR
modeling Other operational users




For those interested

Docs » Spatial Modeling for Resources Framework View page source

PR Oes

Goal is to make everything —
available so it’s easy to run
physically based snow models

Spatial Modeling for Resources Framework

Spatial Modeling for Resources Framework (SMRF) was developed by Dr. Scott Havens at the USDA
Agricultural Research Service (ARS) in Boise, ID. SMRF was designed to increase the flexibility of
taking measured weather data and distributing the point measurements across a watershed. SMRF
was developed to be used as an operational or research framework, where ease of use, efficiency,

g and ability to run in near real time are high priorities.

Input Data

Distribution Methods Features

SMRF was developed as a modular framework to enable new modules to be easily intigrated and
utilized.

« Load data into SMRF from MySQL database, CSV files, or gridded climate models (i.c. WRF)
siopHoplogyo « Variables currently implemented:

. . . o vons
o wil gt bugs
Looking for users interested in
© Vapor pressure

. Precipitation mass, phase, density, and percent snow
te Stl n g Wind speed and direction
n f ;M I 2 I + Data queue for multithreaded application

« Computation tasks implemented in C

.

O iSnobal = et v

Solar radiation
Project Activity Repository Graphs Issues Merge Requests Wiki

Real time model simulations &

Thermal radiation

» Output variables to NetCDF files

smrf e

distributed models
 Star o HTTPS v https://gitlab.com/ars-snow, Wy
O P ip, temp, d int, et
recip, temp, adew point, etc..

P t t- I f t el1adbd2 updated docs for the wind model - 19 days ago by Scott Havens

Spatial Modeling for Resources Framework (SMRF] was developed by Dr. Scott Havens at the USDA Agricultural Research Service (ARS) in Boise, ID. SMRF was designed to increase the flexibility of
. taking measured weather data and distributing the point measurements across a watershed. SMRF was developed to be used as an operational or research framework, where ease of use, efficiency,
and ability to run in near real time are high priorities.
Read the documentation full for SMRF.
. Navigation
moael In under ours

2. Installation

se Contribution guide X

Spatial Modeling for Resources Framework

1 Ubuntu
2. Mac 0SX

O (Minus data correction...

4. Credits

Features

SMRF was developed as a modular framework to enable new modules to be easily intigrated and utilized.
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Questions?

Sign up for WY2017 BRB reports!
scott.havens@ars.usda.gov
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ISnobal Overview

Solar Thermal Advective  Latent Sensible Sublimation, Rain
irradiance  irradiance heat flux  heat flux heat flux Evaporation, Snon;
Solar Thermal Condensation
reflectance exitance I l
A Snow layer 1

Snow layer2
Conductive
heat flux

Soil Melt water
outflow

2 layer snowpack, energy transfer with atmosphere from surface layer
Melt is calculated from thermal state of snowpack (cold content)
Snow Water Input (SWI)

O Melt water drainage or rain on bare soil
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Future Work: PRMS

Currently establishing methods P
for a “base line” PRMS run TS
XPEQURR PUEB &

O Allows comparison for RO A LR

5 Data

. 5 Z o . 2]
- 7 Ze | File Import
Improvements ; | F . USSR 7 e
Lk . S A & 4 i 4 station Data
d Sl 1 =\ A
AN 13 Model
HRU Forcing Data

Distribute forcing data with A7 B R K P il

Forecast

SMREF (climate_hru) e AL A e e

perations Test Run

Replace the snow module

O iSnobal snow water input
and route to streamflow

O Removes a significant
number of calibrated ” ot s B wosos B s -l o

15439.2 44,0087

scalars HRU_ID hru_area hru_lat hru_x hru_y covden_sum covden_win cov_type @ hru_elev hru_aspect hru_d
p a ra m e te rS ngw 1 204818 440212 | 1528055 2492047 | 0201382 0.164035 1 219338 135 1
2 6041.9 44019 1542463 | 2494775 | 0.308032 0.269076 4 2037.4 225 1
hru 3 445547 439986 | 1557102 | 2495496 0333117 0.298868 4 1754.41 135 1
nmonths 4 6397.7 439972 | 1554167 | 2494719 | 031991 0.289373 4 1766.49 180 1
5 9686.04 440177 | 1548879 | 2495955 | 0331489 0294203 4 18982 135 1
nesr 6 331125 439991 1547619 | 2493571 | 0.358987 034435 4 1869.79 315 1
snarea_curve 7 12390 439852 | 1545384 2491525 | 031837 0291243 4 1981.21 0 1
8 4 223031 270 1

1523057 2489785 | 0.238985 0214428
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Long Term Runs:

Ensembles

Need uncertainty
O Regulatory agencies face litigation over water supply
O Make decisions with less risk

Big data problem
O Have to place bounds on the results

With SMRF/iSnobal link
O First ever ensemble run of physically based model at these scales

Only model output:
O ~500 TB for 100 runs/yr
O Current ARS HPC has only 1.2 PB




