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Snow-Monsoon Relationship over Eurasia

An observational study by Zhao et al. (2007) found that anomalously extensive Tibetan
snowpack can enhance springtime soil moisture and lead to a weaker subsequent East
Asian summer monsoon, with shifts in China’s rainfall patterns.

Numerous observational studies (e.g. Hahn and Shukla, 1976) revealed that
anomalously high winter/spring Eurasian snow cover can lead to reduced rainfall in the
subsequent Indian summer monsoon. Extensive snow cover through spring favors wet
soils and cool conditions that diminish the ocean-land temperature contrast and
dampen the subsequent monsoon circulation.




Snow-Monsoon Relationship over North America

Gutzler and Preston (1997) identified observational evidence of a
potential negative relationship between spring snow extent across the
west-central United States and subsequent summer (July-August)
monsoon rainfall over the American Southwest (esp. New Mexico).
This is consistent with the Eurasian snow-monsoon relationship.

Spring snow extent / Summer rainfall

| | ! I | | | | | | | | I ] | ) | | | |

4
/

w= fy= = Precip

71

73 77 79 81 87

r=-0.37, 5 of the 7 wettest summers preceded by negative snow index;
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correlation

Snow-Monsoon Relationship over North America

The approach of observational correlations, as used by Gutzler and
Preston (1997), does not exclude ocean influences, including ENSO.
So is this snow-monsoon relationship real?

r (NM precip, Jan Nifio3 SST)
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METHODS

Abdus Salam International Cen
Regional Climate Model Version

Grell (1993) conveétive scheme

Initial and Lateral Boundary Condlitions:
NCEP-NCAR Reanalysis (Kalnay€t al., 1996)
NOAA Optimum InterpolationSTs (Reynolds et al., 2002)

Control Simulation: 1991-2000
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Grell vs. Kuo Convective Scheme

Bias: -22%, Bias: -56%
Spatial r =0.63 Spatial r = 0.57
b) Simulated (Grell) c) Simulated (Kuo)
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Mean precipitation (mm/day) during JJAS 1990-1991 from Willmott-
Matsuura observations and RegCM4 with Grell or Kuo
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NARR
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Seasonal evolution of
the monsoon in
RegCM4, North

American Regional
Reanalysis (NARR),
and University of
Delaware
observations
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Experimental Design ff/

CTL = Control experiment for 1991-2000

10 ensemble members (MoreSnow) are run for March-October using March
15t restart files from each of 10 years in CTL and doubling the snow depth
across the Rocky Mountains region (35-49°N, 120-104°W).

10 ensemble members (NoSnow) are run for March-October using March
15t restart files from each of 10 years in CTL and setting the snow depth
across the Rocky Mountains region to zero.

The snow depth is altered in both ensemble sets, prior to the MAM
snowmelt season, to assess the climatic response of anomalous snowpack
both locally in the Rocky Mountains and remotely across the North
American monsoon region and much of the United States.
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Difference in March Sea-Level Pressure (hPa)

and 10-m Winds
MORESNOW — NOSNOW

- > > 7

F ¥y ¥ >

14

ERFA A N

4 x> »

FY

E I G e NN

A A > A Y . <

A A E2
AA‘f4* / 4 A}J

»

“ffffx /
P

N

r ! !

’

o\?fi‘x

X
11:+1
R
«ﬁ\’f\

LY
x\'\.\\
1\\\5
VANIA S
N\\\ -
AR
\\\\&_e/‘/
K\r\'\'\\\

e
k\\\,\\& |
-~
NN v\'*"? Y
~ «
LY s s * .
* -~
YA '\“ - - -
X o % - <

*

‘K w ¥ e ¥
K.

"T\’:‘ £ ¥
x

“v.“ « € &
vy o< “w\ -
‘_V“‘Gel
W‘FQ“eb
'S (3 -

- ‘V- &
L T“f‘<
[ « F o T
frr ‘(é‘
v-c" <«

F‘Q €
L ‘.(‘(Q
V"““K‘
\"FK“F‘
Ah’?hva'
A A A L
4 N A"

4 A 4 .“"‘
24

1.5

0.5

0.1

Enhanced
downslope =
warming

Anomalous
easterlies

-0.1

—-0.5

—-1.5

—s Reduced Gulf
flow = drying



Difference in Precipitable Water (kg/m?)
MORESNOW - NOSNOW
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Impact of Elevated Snowpack on Jul-Aug Circulation and Moisture (MoreSnow-CTL)
200-hPa Heights (m) 700-hPa Heights (m)
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Model Climatology of August Monthly Precipitation in
Precipitation (mm/day) Parallelogram (mm/day)
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Monsoon Precipitation
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CONCLUSIONS AND DISCUSSION

RegCM4 experiments suggest that the monsoon over the American
Southwest is sensitive to antecedent snowpack over the Rocky
Mountains, with a response that is consistent with the Eurasian snow-

monsoon mechanism.

A deep snowpack and delayed snowmelt produce a higher surface albedo
and wetter soils into summer, both which produce cooling. Anomalously
low tropospheric temperatures over land weaken the northward advance

of monsoon precipitation into AZ-NM.

The results are not definitive and the relationship is modest, but any
increase in seasonal predictability across this complex region is vital.

Notaro, M., and A. Zarrin, 2011: Sensitivity of the North American monsoon to antecedent
Rocky Mountain snowpack. Geophysical Research Letters, 38, L17403.





