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e Lakes can alter the thermodynamic characteristics of the regional atmosphere.
This study investigates the impact of lakes on the Mongolian Great [Lakes region on
| . | summertime meteorological parameters using the Weather Research and Forecasting
b (WRF) model. The model results are evaluated, demonstrating good performance. The
e T ———— | effects of the lakes on the surface energy budget include a decrease in sensible heat
time (LST) *  flux. The influence of the lakes on atmosphere varies diurnally. Greater heat capacity
 water vapor mixing rati in water bodies compared to grasslands causes slower heating and cooling rates in the
&evalley-mde slopes, lakes. The air temperature amplitude over the lake surfaces i1s smaller than that over
y &lapes and the valley the grasslands. The lakes have profound effects on change in heat flux, as it causes
5 i* nd 900 m. relatively lower surface temperature which leads to shallow boundary layer over the
42 lake surfaces. The winds tend to diverge due to lakes. The lakes tend to stabilize the
overlying atmosphere in the summertime.

Introduction
. Lakes are important systems in determining local and regional weather and climate.
L Lakes effectively interact with atmosphere changing heat, water vapor, and momentum
s fluxes [Kourzeneva et al. 2008]. Through differences in thermal and frictional
| properties between lake and land surfaces, lakes affect atmospheric circulations in the
surrounding region [Mukabana and Pielke 1996].
B The effects of lakes on atmosphere have been investigated extensively through
£ numerical models. Unfrozen warmer lake surfaces in autumn or winter due to their
e large thermal inertia increase the downwind precipitation known as the so-called lake-
e effect snow [Scott and Huff 1996; Notaro et al. 2013a, b]. On the other hand, frozen
e lake surfaces reduce precipitation removing water vapor from Overlake evaporation
leading to drier atmosphere [Wright et al. 2013]. Notaro et al. [2013a] revealed the
influence of the Laurentian Great Lakes on regional climate by comparing the
simulations with and without lakes and argued that the presence of lakes decreases
Bl (increases) sea level pressure in autumn-winter (summer), weakens cold-season
N cyclones and increase (decrease) turbulent fluxes during the cold (warm) season.
Thiery et al. (2015) have employed the Weather Research and Forecasting (WRF)
model to understand the effects of African Great Lakes on regional climate. It was

17 - —



ang

ant b in the Cent. al Asg;
o ot ected lakes (saline
b R N . The lakes ar shy ||,I
e %f tm Great Lakes reg 101
.?:_; e surrounding repig, W]
A md climate. Asse 88mey,
‘on the atmospheric hnun;
o s0 far. The primary Objectiy,

ot ¢ m in the Mongoliay (. ey
r! _. LF-J._l || meraturt/ W{Il{ I V! II] )

d
H(H
I][

P
il"f

& here m‘c examined usin, the
10C has been successfi||,
ﬁ’" | uhﬂ_, environmen; | K i,
mClUdC the Yong;
petial. 2006], the Ry
| _-i;j%;ih dawer et al. 1997
| ﬁ gain-Fritsch cumuly.
i"-u [Chm and Sur
“ 2010) is used.

and 202%172 ornid
y The innermos
grid contains 51 lcvel:
? h P) reanalysis data
i;hﬂzgﬁwmjﬁﬁlw
, sin lation results

-' J' 8
i ytL b
._
'.. .

ment) and the state
"’the NOLAKE
most commor

tions reveals the
;-.'"ij. d

" pressure with
i

ﬁ}

jéﬁhi’ng LAKl

PAPERS IN METEOROLOGY AND HYDROLOGY _ i Ay, No 35/9

Results

Figure 2 shows the surface pressure and temperature at 2 m from the ERA-Interim
data and simulation results in the domain 2 averaged for July 2015, The mountainous
regions show the relatively lower temperature than the basin area. The simulated
patterns of the surface pressure and temperature match well with the ERA-Interim data.
The differences in magnitudes are associated with the enhanced resolution of the WRF
simulation.

Figure 3 shows the monthly-averaged temperature at 2 m in the LAKE and
NOLAKE simulations. The regions with lower altitude or the Great Lakes basin areas
show the relatively warmer temperature (~15°C higher) than its surrounding high-
altitude regions. The lakes such as Uvs, Khyargas, Har-Us, Har, Uureg, and Dorgon
are well captured in the LAKE simulation. The differences in temperature can be
seen not only over the lakes but over the areas around the lakes. Thus. the lakes cool
peripheral environment.

Figure 4 shows the daily variations of sensible heat flux, the temperature at
2 m, and boundary layer height averaged over the lakes in the Great Lakes basin in
the LAKE simulation and the corresponding areas in the NOLAKE simulation. As
expected, the sensible heat flux from the grassland in the NOLAKE simulation is
greater than that from the lakes in the LAKE simulation. The reduction of sensible heat
flux due to lakes are in agreement with Notaro et al. (2013) that the greatest reductions
in sensible and latent heat fluxes are found in the summertime. The greater sensible and
latent heat fluxes over the grassland surfaces result in the greater temperature at 2 m
in the NOLAKE simulation than in the LAKE simulation. The grassland surfaces heat
up faster than the lake surface, where the heat is absorbed by thick mixed layer, which
in turn leads to the cooler lakes surface, compared to grassland. Grasslands reach the
maximum of ~26.7°C while the lakes reach the maximum of ~15.2°C Also, nocturnal
cooling of the lake surfaces is much slower than that of the land surfaces Moreover,
the grassland surfaces produce considerable larger temperature amplitude than the
lake surfaces highlighting the absorption of heat by water. The boundary layer in the
NOLAKE simulations is convective during the daytime, in contrast, the cool lake
surfaces stabilize the overlying atmosphere. The boundary layer height in the LAKE
simulation is nearly steady while it varies diurnally reaching ~663 m in average in the
NOLAKE simulation.

Figure 5 shows the monthly time series of the sensible heat flux from the surface,
the temperature at 2 m, planetary boundary layer height averaged over the lakes in
the Great Lakes basin in the LAKE simulation and the corresponding areas in the

NOLAKE simulation. The time series in the NOLAKE simulation clearly show the
dlumal pattern. The sensible heat flux from the lake surface is lower in the LAKE

ation than in the NOLAKE simulation. For this reason, the air in the LAKE
slmulation is cooler than that in the NOLAKE simulation. The maximum difference
in temperature between the simulations reaches ~15.9°C. It should be noticed that
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Fig. 3. Monthly averaged temperature at 2 m in the
(a) LAKE and (b) NOLAKE simulations.
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Fig. 4. Daily variations of (a) sensib
and (c) boundary layer height averaged over th
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and the corresponding areas in the NOLAKE simulation in the study region.
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(a) Temperature (b) Water vapor mixing ratio
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Fig. 6. Mean differences (LAKE-NOLAKE) in (a) temperature at 2 m, (
b) water vapor mixing ratio within ~100 m layer above the surface,
(¢) wind speed, and (d) planetary boundary layer height.




