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Snow characteristics depend on where
accumulation occurs
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Snow characteristics depend on where
accumulation occurs

Mountain show is I Lowland snow is l

* Shallower

* Wind blown

* More homogenous

* Less important to
spring/summer runoff*

* Deep

* Cold
* Highly variable %
* Large component to ‘
spring/summer runoff* I

Ph he NPS, Rocky M i i
oto by the NPS, Rocky Mountain National Park Photo by the NPS, Grand Teton National Park

* Li et al. (2017) GRL



North America is
~25% mountainous

How much of the
continent’s snow is in
the mountains?



Global data products estimate ~25% of

North America’s snow is in the mountains.
ERA-Interim MERRA
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Continental SWS
Simulations

* Forcing data: ERA-Interim

* Spatial resolution: 9 km

(nested down from 27 km)

* WREF version 3.6.1

External forcing data: NARR
Land surface model: Noah-MP
Microphysics: Thompson
Spatial resolution: 9,27 km
(one Wa)’ nested) Mtn w/ seasonal snow
* Time step: 3 minutes, output =

Mtn w/o seasonal show

saved every 3 hours -




Snow Water Equivalent (mm)

o

We created a new
North American

mountain show
climatology.

Used the WREF regional
model and simulated an
average water year for each
mountain range to build a
representative climatology.

Wrzesien et al. (2018) GRL
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mountain show
water storage

Percent difference
from WRF maximum:

 ERA-Interim -63%
* GLDAS -66%

* MERRA -40%

e VIC -57%

e CanSISE -66%

Wrzesien et al. (2018) GRL



Evaluating WRF against snow pillows and SNODAS
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CanSISE global SWE product

e Canadian Sea Ice and Snow
Evolution (CanSISE) network

a Multi-Dataset Mean SWE b Mean SWE / Spread

5/1

* One degree blended SWE s
product RN lls/a

e
4/5
1/2
1/3
1/5

* Includes GlobSnow, ERA-I
Land, MERRA, Crocus, and
GLDAS

* Produced by Mudryk and
ro uce y u ry an F1G, 5. (a) Cimatology of multidataset mean SWE for February-March over 1981-2010 penod, (b) Ratio of
o chimatologecal SWE to spread among the five component datasets calculated for February-March over [981-2010
e r (Se n an aval a e perrod. The black contour delineates the 1:1 ratio

Mudryk et al. (2015) Journal of Climate
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Create North America ... o |

. CanSISE total
snow climatology . 1687 km’ GanisE o
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Snow Water Equivalent (mm)

Wrzesien et al. (2018) GRL

A revised estimate of
North American snow
water storage in mountains

~1000 km?

Total North American
snow water storage

~1700 km?3

WRF CanSISE

® Mountain Non-Mountain



Implications of SWE
underestimation on
the Water Budget

 Are SWE biases due to
underestimation in
precipitation?
* Implications for continental
water budget

* Do the mountain SWE
biases persist across the
entire watershed?

* Implications for runoff

Columbia




Snow Water Storage
(SWS) and PreC|p|tat|on
Datasets

* WRF @ 9 km*
* MERRA2:0.5°x0.67°
« GLDAS?2:0.25°

*note:WRF 9 km domains covered
both mountains and lowlands of each
watershed




SWS (km’

SWVS differences vary by basin; generally latitude seems more important
than what fraction of basins are mountainous in determining SWVS bias in

MERRA and GLDAS.
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Mountan Precpitation (mm)

Lowtand Precofation (mm)
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Averaged 60 MERRA
over all six L ¢, | ®GLDAS
basins >
ke 40 -
* Differences exist G 30 .
o e . v
for precipitation & 5
peak SWS 5 20
* Difference in peak £
SWVS is significantly E 0
greater than
precipitation, 0 - =
especially for Mountain Lowland Mountain  Lowland SWS

MERRA Precipitation Precipitation SWS



Conclusions

* How important is mountain snow for the continental water budget!?

* WREF results indicate that mountains are 25% of North America, yet hold 60% of the
continent’s seasonal SWS

* WRF and global models produce similar winter precipitation and SWS in
lowland areas across all watersheds

* Global models may be underestimating mountain snow by 60%

* WRF SWS is 50%-60% greater than MERRA2 and GLDAS2, with smaller
differences at higher latitudes
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Comparison to MODIS s

* Count “snowy pixels”

* Does WRF correctly identify the
presence/absence of snow?

 Shown here for the entire
Sierra Nevada
* 3 resolutions of WRF (3, 9, 27 km)
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Assuming WREF is correct:

« MERRA is 15% low, on
average

e GPCPis 33% low
e CRU is 40% low

Global products almost
always lower than the WRF
estimate



Mountain area: 28.9 million km? (19% total land area)
Seasonal snow: 15.2 million km?
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Elevation
High : 8752
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Published estimates of global*/North Hemisphere snow
accumulation
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Published estimates of global*/North Hemisphere snow
accumulation

Snow Water Storage (km?3)
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® VWRF ®mMERRA mGPCP = CRU

Winter
watershed

precipitation
October - March

In comparison to VWREF:
* MERRA is 16% lower
« GPCP is 32% lower

* CRU is 41% lower



Fraction of s
winter 0.8
recipitation
P P 0.6
that fallsas
SNOW 0.4
0.3
0.2

Similar snow/rain
partitioning for 0.1
for WRF and MERRA 0
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Snow Water Storage (im’)
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How important is mountain
snow for the continental
water budget!
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Wrzesien et al. (2017) JHM



How important is mountain
snow for the continental
water budget!

* |nitial work — see how the Weather
Research and Forecasting (VWRF)
model compares to other
estimates of snow water storage

(SWS) for the Sierra Nevada
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Wrzesien et al. (2017) JHM



How important is mountain
snow for the continental
water budget!?

* Weather Research and Forecasting
(WRF) model setup:
* WREF version 3.6.1
* External forcing data: NARR
* Land surface model: Noah-MP
* Microphysics: Thompson
* Spatial resolution: 3,9,27 km (one
way nested)

* Time step: 3 minutes, output saved
every 3 hours
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Wrzesien et al. (2017) JHM



Time series of snow water storage
reveals two groupings of datasets

* Comparing reference to <] | [——sNopas
WRF iy

« WRF SWS is within +50% s
of the reference mean
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