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Why Is There an Early Spring Cooling Shift Downstream of the Tibetan Plateau?
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ABSTRACT

The temperature shift over the eastern flank of the Tibetan Plateau is examined using the last 50 yr of
Chinese surface station observations. It was found that a strong cooling shift occurs in early spring (March
and April) and late summer (July, August, and September) in contrast to the warming shift in other seasons.
The cause of the March—-April (MA) cooling is investigated in this study.

The MA cooling shift on the lee side of the Tibetan Plateau is found to be not a local phenomenon, but
rather it is associated with an eastward extension of a cooling signal originating from North Africa that is
related to the North Atlantic Oscillation (NAO) in the previous winter. The midtropospheric westerlies
over the North Atlantic and North Africa tend to intensify during positive NAO phases. The enhanced
westerlies, after passing over the Tibetan Plateau, result in strengthened ascending motion against the lee
side of the plateau, which favors the formation of midlevel stratiform clouds. The increased amount of
stratus clouds induces a negative net cloud-radiative forcing, which thereby cools the surface air and triggers
a positive cloud-temperature feedback. In this way, the cooling signal from the upstream could “jump” over
the Tibetan Plateau and leave a footprint on its lee side. The continental stratiform cloud—climate feedback
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plays a significant role in the amplification of the cooling shift downstream of the Tibetan Plateau.

1. Introduction

Prominent continental stratus clouds were observed
downstream of the Tibetan Plateau (Yu et al. 2004).
These middle-level stratus clouds play important roles
in shaping the local climate, because these clouds result
in a maximum annual mean cloud optical depth and
strong negative net cloud-radiative forcing at the top of
the atmosphere in the midlatitudes (Yu et al. 2004).
The negative net cloud-radiative forcing indicates that
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the reflection of solar radiation by clouds exceeds their
greenhouse effects; thus, these clouds have a cooling
effect (Ramanathan et al. 1989). The unique geographic
and topographic conditions and the associated circula-
tions might favor a distinct cloud—climate feedback (Yu
et al. 2004).

In opposition to the global warming trend, a moder-
ate surface cooling over some regions of Asia over the
past several decades has attracted much attention
among climatic scientists (e.g., Folland et al. 2001;
Houghton et al. 2001; Hu et al. 2003). Immediately
downstream of the Tibetan Plateau, a cooling center
can be found in spring (Hu et al. 2003). Some of pre-
vious studies have shown that local aerosol radiative
forcing might contribute to the cooling over southwest
China (Qian and Giorgi 2000; Menon et al. 2002; Qian
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et al. 2003). Yu et al. (2004) suggested that the distinc-
tive local deep continental stratus cloud-climate feed-
back could play an important role in intensifying the
climate variation downstream of the Tibetan Plateau.
However, the influence of the changes in the large-scale
circulation were not fully discussed.

In addition to the local effects, the climate variability
in this region has a global linkage to other major modes
of climate variability. Wang et al. (2000) have ad-
dressed the physical processes by which El Nifio affects
the “upstream” East Asian summer monsoon in the El
Nifio decaying phase. A summertime teleconnection
between the East Asia—western Pacific monsoon and
North America has been documented recently (Wang
et al. 2001; Lau and Weng 2002). Kinter et al. (2002)
proposed that the Asian monsoon affects ENSO by first
affecting the heat content in the western off-equatorial
Pacific and then the westerly winds over the western
equatorial Pacific.

A number of studies have suggested that the Asian—
Pacific climate is not only related to the variations in
the local circulation systems, but also significantly re-
lated to remote climatic variability sources in the At-
lantic, Europe, and the Southern Hemisphere such as
the Arctic Oscillation (AO), the North Atlantic Oscil-
lation (NAO), and the Antarctic Oscillation (AAQO)
(Chang et al. 2001; Gong et al. 2001; Yang et al. 2002;
Gong and Ho 2003; Xue et al. 2003; Nan and Li 2003).
Chang et al. (2001) showed that the weakening of the
correlation between El Nifio and deficient Indian mon-
soon rainfall might be related to changes in the western
European surface air temperature in recent years. Yang
et al. (2002) concluded that the subtropical jet stream
(SJS) is coupled to a teleconnection pattern spanning
the entire Asian-Pacific-American region with the
strongest signals over East Asia and the western Pacific
and the pattern differs significantly from that associated
with ENSO. Yu and Zhou (2004) suggested that the
winter NAO-generated cooling signal could extend
eastward and affect subtropical Eurasia in March.

According to Yu and Zhou (2004), the surface of the
Tibetan Plateau exhibits significant warming in March
in recent decades. How does the cooling signal jump
over the plateau and extend eastward from its upstream
region downstream? Does the cooling on the lee side of
the plateau really relate to the cooling on its upside?
What kind of circulation changes should be responsible
for the cooling shift? In a word, the mechanism for this
cooling remains an open issue. In this study, we present
evidence that the cooling signal originates from up-
stream and that the local cloud-radiative feedback
plays an important role. Section 2 describes the
datasets. Section 3 describes the seasonal features of
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the surface cooling shift downstream of the Tibetan
Plateau, in particular the strongest cooling occurring in
early spring. The physical processes that may give rise
to the cooling shift are discussed in section 4. Section 5
presents a brief summary.

2. Data

The monthly surface temperature data used in this
study come from the temperature data of 160 meteo-
rological stations in China. (Figure la shows the distri-
bution of those surface stations.) The data were col-
lected and compiled by the China Meteorological Ad-
ministration and then were interpolated onto 0.5° X
0.5° horizontal grids in order to facilitate climate stud-
ies. The monthly cloud data are derived from the total
cloud fraction data of 160 meteorological stations in
China and have also been interpolated onto the same
0.5° X 0.5° horizontal grids.

The atmospheric general circulation data are taken
from the National Centers for Environmental Predic-
tion—-National Center for Atmospheric Research
(NCAR-NCEP) reanalysis data (Kalnay et al. 1996).
The data used in this study include temperature, hori-
zontal and vertical velocity, specific humidity, and rela-
tive humidity. All of these variables are gridded at 2.5°
latitude X 2.5° longitude resolution and are available
from 1951 to 2000. In addition, the time series of Hur-
rell’s winter (DJF) NAO (W-NAO) index (Hurrell
1995) was used.

3. Cooling shift downstream of the Tibetan
Plateau

The Sichuan basin (27°-32°N, 103°-108°E) in south-
west China is located in the eastern flank of the Tibetan
Plateau (Fig. 1a). This region is characterized by the
world’s strongest cloud-radiative forcing and perhaps
the strongest continental stratiform cloud—climate feed-
back. This region is also the region where the largest
cooling shift occurs in the past 50 yr over the entire
Eurasia continent (Houghton et al. 2001). And the tem-
perature over this area has experienced a sharp cooling
in the mid-1970s, which is significant at the 99% confi-
dence level.

Figure 1b shows the long-term changes (also called
shift for simplicity) in the area-averaged surface tem-
perature as measured by the difference between two
epoch means (1976-2000 minus 1951-75). The annual
mean temperature has dropped 0.15°C from the first to
the second epoch. The cooling shift, however, varies
with season. There are two major cooling periods in the
annual cycle. The strongest cooling occurs in early
spring (March and April) and another significant cool-
ing shift is observed in late summer (July—September).
























