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Mountain water cycle: very important topic

Importance: Regional hydrology, economy, regional and

global water budget.

Growing interest: very important in a changing climate as

cold mountains and high latitudes warm faster than other
regions, more rain and less snow, loss of steady water
resources...

Challenge: Need to estimate Light rainfall, snowfall,

precipitation over frozen land, orographic precipitation.

Uncertainty: Largest uncertainties over cold mountains.

Obs. limitation: Sparse and unreliable ground observation.

Scale: very important due to topography ...
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Scale: using ASO Very high resolution analysis of snowfall

NASA Airborne Snow Observatory (ASO)

Tuolumne upstream of Hetch Hetchy reservoir ~ SWE accumulation during a 34-day period calculated
and the adjacent Cherry/Eleanor basins by subtracting ASO 50m acquisitions on
Jan 29 & Mar 3rd, 2017
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Point versus areal BIAS

£ 0.2 TUM -4 - DAN -*- HRS —— Mean
W .
2 01 - 4.7% bias (2.2 cm)  w_
© \\\
[0} \\
5 00 ko < :
£ \I S ~a 20 dm bias
— | x* - - . .
& -01 T~ e Bias increases an order of
' ; . = & = ' - .
: 0 s00m oom oo, |, magnitude moving from
I =02 7 ' 2000 m
= : S S CCLIIETETITE SRR 3 100m to 2.2 km scale
Q -0.3
<
I | 1 |
0.5 1.0 1.5 2.0

Spatial resolution of evaluation (km)
The spatial representation of in-situ snow accumulation measurements at point locations
when compared to spatially aggregated snow accumulation data from ASO.

» The bias at 2.2 km is an order of magnitude larger than the ASO biases inferred at
100m even when the same data are simply coarsened.

» The use of alternative evaluation data that provide areal estimates (such as robust
radar or ASO) are crucial in the robust evaluation of remote sensing products.

- The University of Arizona

8th GEWEX Open Science Conference: Extremes and Water on the Edge
- NASA JPL

May 6 - 11, 2018 | Canmore, Alberta, Canada



products

Spatial distribution of snowfall : ASO & gridded precip.

(c) PRISM

(b) Mountain Mapper

Comparison of Snow
accumulation
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Satellite/radar products significantly underestimate snowfall accumulation,
but they generally present good correlations with ASO.
-+ Bias adjustment is effective.



Time series of daily mean precipitation rate, averaged over snow
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precipition estimation over cold mountains is challenging!
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Long-term analysis of land falling Atmosphere river (2003-2012)
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Other challenges ....

Comparison of precipitation detectability

as a function of cloud type Snhow <> Rain
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Behrangi et al. (WRR; 2014)

Challenges with measuring snowfall

Capping of gauge

Updraft generated upstream of gauge

Hen
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HOW WELL DO WE MEASURE SNOW?

The NOAA/FAA/NCAR Winter Preci tion Test Bed




Alternative methods ....

* Sparseness and
inaccuracy of in situ.
(with little if any areal
representation)

* Challenges with
satellite precipitation
products

e
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GRACE to constrain precipitation amount over mountainous cold

Endorheic basins => net lateral flux rate =0 0
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[ While typical remote sensing products may have major issues, ]
there are alternative ways that can really help
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Another uncertainty source : snow-rain delineation metric

Latitude
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~ 20 % increase in rain/snow delineation skill due to use of proper
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Uncertainty source : Spatial Resolution

(a) MeanTa(°C), 0.04 x 0.04 deg. (b) MeanTa (°C),1x1deg.
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Behrangi et al. (2016; WRR)

c Moving from 0.4 deg. resolution (typical resolution of reanalyses) to h
0.04 deg. can result in about 3°C or higher error in temperature in
topographically complex regions. The impact is critical for many

( applications including snow-rain separation. y
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Hydrologic sensitivity to rain/snow separation
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Behrangi et al. (2018)

2°C error in T => uncertainties due to inaccurate snow/rain delineatio
threshold => up to 10% for streamflow and 40% for SWE !
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Final slide

GEWEX MOUNTerrain?
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