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Research Goal

New advancements allow more informed
water resource management.

|mproved measurements of snow energy balance components

improvements to existing models
airborne/satellite mapping of snow depth, albedo, temperature, etc.
+ high resolution weather forecasts

> integrated Wx forecasts, snow models, & hydrologic models (e.g. WRF-driven iSnobal + PRMS)




Modeling density for ASO

WHY iSnobal?
1.
2.
(wind redistribution, canopy shading, etc.).
3.
4,
5.

Physics-based energy AND mass balance model.
Optimized for high resolution (<100m) processes

Can be re-initialized when data become available.
Computational efficiency permits rapid spin-up
1 to 3 hour forcing data captures diurnal cycle.

LIMITATIONS:

1.
2.

2-layer model - does not track layers through season
Previous version did not account for compaction

explicitly (new version does)

Dated binary file format (requires extra read/write

steps)

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
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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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Modeling density for ASO

 NASA-JPL / USDA-ARS partnership since 2013
e ASO measures snow depth snapshots throughout winter/spring.

e Physically based iSnobal snow model provides density estimates needed for ASO SWE product.

iSnobal + ASO
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2013 — present: Tuolumne River 2017 (preliminary), 2018 — onward: San 2018 (prellmlnary)
Basin, CA (nrt) Joaquin above Friant Dam, CA (nrt) Uncompahgre River Basin, CO

*nrt = near-real time



Modeling density for ASO

 NASA-JPL / USDA-ARS partnership since 2013

e ASO measures snow depth snapshots throughout winter/spring.
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e Physically based iSnobal snow model provides density estimates needed for ASO SWE product.

*nrt = near-real time

iSnobal w/o ASO
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Modeling density for ASO

measured albegg *

Station A/measured depths\ SWE
Data :
iSnobal | ASO
Spatial — | T~
e ! | Albedo
2 ~_"Todeled density _¥
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+18 other snowpack properties |
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I
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(energetics & mass) * (in progress)

e Conversely, ASO lidar provides spatial snow depth information to force iSnobal model (direct
insertion).
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Model overview

* 95% of effort is creating forcing data fields.

e Model results only as good as measurement quality and data interpolation schemes.

The iSnobal modeling procedure

Distribute variables:

Auto download Spatial Modeling

: Resource
PRIEEEIE /v Framework (SMRF) \ > o
QA/QC .
data iSnobal
Spatial —v
Locate Info. ~— —V
hourly stations |

in/near basin :
/ +18 other snowpack properties

(energetics & mass)
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Recent development

e 2017 was a very wet year in the Sierra Nevada
* jSnobal density algorithm modified to address compaction
 Model now considers*:

1. Destructive metamorphism —temperature dependent
2. Compaction due to overburden

3. Addition of liquid water (melt or rain)

.. see Danny Marks’ talk tomorrow morning for more info.

* Each parameterization from Anderson (1976) and Kojima (1967).
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Cell Scenario 1

e Upscale 3m depths to 50m

model resolution ASO iSnobal
... . . . measures predicts
e Create initialization file from last z,=0mm | z,>0mm

iSnobal time step
easy! == Remove snow conditions from cell (density, snowpack temp.,

e Restart model with updated ,
H,O saturation)

state variables:
e Depth (from ASO)

* Bulk density Cell Scenario 2
* Layer temperatures ASO iSnobal

' . ) ISN0oba
* Liquid H,0O saturation measures | predicts

z,>0mm ‘ z,=0mm

not as easy... == Populate empty model cells with density, snowpack temp.,
and liquid H,O saturation (expanding window interp.)
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Direct insertion of ASO snow depth

e Upscale 3m depths to 50m * Expanding window interpolation —
model resolution Grow search window until minimum number of
e Create initialization file from last cells obtained for averaging
iSnobal time step (] 2ao— 0.2~ 0
e Restart model with updated e eolole alalste [ 2450 > 0, Zisupa > 0
state variables: e selse e eee W 20> 0. 2500 =0
* Depth (from ASO) /oo de |oe °® AN Search radii (n cells)
o0 ée0 clele
* Bulk density /| #el@0 1 Joloje/e[\| |\ O 2
®/®® 00 Y C ee O 4
* Layer temperatures /o dee [0 @ olo VY
* Liquid H,0O saturation : : . 8 ? (1 : : ? g 6
eoeooja |\ V1] O 8
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e Upscale 3m depths to 50m
model resolution

e Create initialization file from last

iSnobal time step Cell Scenario 3
e Restart model with updated ASO iSnobal
state variables: measures predicts
* Depth (from ASO) 25> 0mm | z,>0mm
* Bulk density ==) Retain model states for density, layer temperature and liquid
* Layer temperatures H,O content.

* Liquid H,0O saturation



Direct insertion of ASO snow depth
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Tuolumne River Basin Showpack Summary
Water Year 2017, June 4
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USDA Agricultural Research Service, Boise ID

Tuolumne Snowpack Summary for June 4, 2017

This is the Tuolumne River Basin Summary for the time belween May 3 and June 4, 2017. The
amount of water dored in the snowpack asof June 4 isestimated at 1106 KA F, which represents
anet loss of 356 KAF of snow slorage during the reporting period.
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Tuolumne River Basin Showpack Summary
Water Year 2017, June 4
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USDA Agricultural Research Service, Boise ID

Tuolumne Snowpack Summary for June 4, 2017

This is the Tuolumne River Basin Summary for the time belween May 3 and June 4, 2017. The
amount of water dored in the snowpack asof June 4 isestimated at 1106 KA F, which represents
anet loss of 356 KAF of snow slorage during the reporting period.
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Currently in development

 More physically based albedo decay
e Build semi-empirical model from ASO spectrometer reflectances.

iSnobal SWE
iSnobal + ASO SWE
iSnobal SWI
-------- iSnobal + ASO SWI
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_ "« 5 years modeling Tuolumne snowpack

e Prior density solution did not work in 2017
(400mm storms!).

e Prior albedo decay curve did not melt
snow fast enough in all years.

~ « How many surveys are necessary?

e First survey is usually most impactful.

* Need to perform more testing to
determine optimal # of flights.

- * Couple to hydrology model (“PRMS-
like”).

"~ < Now is the time to expand this
\ modeling to more basins!
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