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Simulation the Water Cycle in the Rockies

Flow interactions with
topography are much
improved at kilometer-
scale grid spacings.
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Compared to a 4 km model a 12 km
model underestimates snowfall in the
coastal mountains but overestimates it

along the Continental Divide.

60°N —

55°N —

50°N —

45°N —

40°N —

35°N —

I
125°W 120°W 115°W 110°W

Mean Annual Snow (mm)

105°W

<@ [ [T e

-200 -150 -100 -50 O 50

100 150 200

SWE and PRCP (mm)

Kilometer-scale

grid  spacing is

essential in capturing the accumulation
and melt of the snowpack in the

western U.S.
2000 . T - | et fOumm Rt SEmny EOme U Emmn mmmm S T I’ l
wo- 1 Pacific -1 -
1600 /3 j/_m__-m,»u/'+
« Northwest - !
w05 ) 1471 SNOTEL SWE
1000 P SNOTEL PRCF
800, 7l 1 1 | WRF SWE
o00] N L e WRF PRCP
400-
200+ -

=
-+

| T

13/01 11/01 12/01 01/01 02/0103/01 04/01 05/01 06/01 07/01 08/01 09/01 10/

Ikeda et al. (2021)

MO/DAY



CAUSES ject . . . .
i Y Convective Precipitation Diurnal Cycle

50° N —

o s Amount

35° N —

o " £ : it/ 15 == 10 6
20°N " 8 —
WRF 36 km E" i
. o Observations g - g %
Significant m—— Kain-Fritsch | ~ 2 £
improvement in o ; .
preCIPItaFIOn : o Tiie osf) Da1y2(lo1c5al t1ir8ne)21 o Tirie oE: Da1y2[Io1csaI t1:ne]21 o T:ne oS: Da1y2[Io1cSaI t:rie]21
amount, intensity, 15 [ 10 6
and frequenc CONUS1 Cigmis ’ 5
AR WRF 4 km  E . :
Substantial Observations E; g , g
reduction of e b M = L
uncertainties due to . e |
elimination of deep e Tiie oS: Da1y2(lo1cSaI t1i:1e)21 o Ti:le o? Da1y2[Io1csaI t1i:1e]21 v Ti:—.e :: Da1y2 [|o1csa| t::,e]21
convection scheme [Mooney et al. 2016; Ban et al. 2015]

NCAR
UCAR




Mesoscale Convective
Systems (MCSs)




SimUIation the Water CYCIQ in the Clouds Above the United States

and Errors at the Surface

PlaInS (CAUSES) project
Fritsch et al. 1986: [Lin et al. 2017, Nat. Com.]
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We Need Kilometer-Scale Models to Simulate MCSs

>
Step improvement

(no deep convection scheme)
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Annual Cycle of Mesoscale Convective Systems
MCSs per Year
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Kilometer-Scale
Modeling in South
America




South America Affinity Group

* 81 community members

- From Americas and Europe
- In support of the ANDEX RHP (GEGEX)

SAAG website

https://ral.ucar.edu/projects/south-america
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https://www.gewex.org/project/andex/
https://ral.ucar.edu/projects/south-america
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Observed and Simulated Tracks of
Organized Precipitation
Nov. 2018

2018-11-02

RELAMPAGO/CACTI event on Nov 11-13, 2018
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Ratio of Precipitation from Organized Systems
June 2018 - May 2019
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Annual Cycle of Organized Storms
June 2018 - May 2019
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Conclusion

1. Kilometer-Scale WRF Climate Simulations Largely

Improve

a) The amount, frequency, intensity, and phase of precipitation

b) Simulation of snowpack dynamics
c) Simulating of the convective precipitation diurnal cycle
d) The frequency and intensity of mesoscale convective systems

2. Correctly simulating land surface processes is
essential

3. The same model physics work well over tropical,
mid-, and high-latitude land areas

Andreas F. Prein (prein@ucar.edu)



Models are approaching observational quality

Streamflow volume forecasts OUR SKILL IN

g i initation f
RRSR o orochiaton fon MODELING MOUNTAIN

forecasts that use precipitation RAIN AND SNOW IS
observations during the flood BYPASSING THE SKILL OF OUR
seEsen [ o OBSERVATIONAL NETWORKS

Jessica LunbqQuisT, MiMi HuGHES, ETHAN GUTMANN, AND SARAH KAPNICK

Total Volume Quintero et al. (submitted)

1
In mountainous areas, high-resolution atmospheric models can represent total annual
precipitation better than the collective network of precipitation gauges.
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Parish (1982)

8- SCPP cross section (Parish 1982): -
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