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Abstract
Using ERA-Interim reanalysis data from 1981–2015 and meteorological data
from 43 observation stations in Qinghai Province, and employing methods such
as meteorological empirical orthogonal function (EOF) decomposition, correla-
tion analysis, and composite analysis, the spatiotemporal distribution character-
istics of surface latent heat flux over the Tibetan Plateau (hereinafter referred
to as the Plateau) during May–October and its relationship with concurrent
precipitation in Qinghai Province were analyzed. The results show that: 1.
The spatial distribution of the first EOF mode of surface latent heat flux over
the Plateau primarily exhibits inconsistent variations between the eastern and
western Plateau, with positive anomalies in northeastern Qinghai, the western
Plateau, and the southern Plateau, and negative anomalies elsewhere; the tem-
poral coefficient of the first mode shows a significant decreasing trend, with
2001 serving as the dividing point—positive before and negative after—indicat-
ing that surface latent heat flux in northeastern Qinghai and the western and
southern Plateau increased (decreased) before (after) 2001. 2. Surface latent
heat flux over the Plateau exhibits a significant negative correlation with precip-
itation in northeastern Qinghai Province; when surface latent heat flux over the
Plateau increases (decreases), precipitation in northeastern Qinghai decreases
(increases). 3. The region passing the 0.1 significance test was designated as
the key area (35.0°–38.5°N, 98°–103.0°E) for investigating the relationship be-
tween the two variables, and years with high and low latent heat flux values
were selected based on one standard deviation. The results indicate that sur-
face latent heat flux in the key area exhibited a significant decreasing trend
over the past 35 years. In high latent heat flux years, precipitation in the key
area increased, whereas in low latent heat flux years, precipitation decreased in
the northeastern part of the key area but increased elsewhere, with a positive
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anomaly center exceeding 60 mm in the southern region. In high (low) latent
heat flux years, geopotential height in the key area was lower (higher) and wind
speed was larger (smaller), with weaker (stronger) moisture convergence in the
southern part of the key area. Analysis of the 100 hPa South Asian high center
intensity and 300 hPa temperature field reveals that in years with anomalously
high (low) surface latent heat flux, the South Asian high intensity was slightly
lower (higher), the 300 hPa warm center was slightly lower (higher), and the
South Asian high initially ascended (withdrew from) the Plateau earlier.
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Abstract

This study utilized ERA-Interim reanalysis data and observational data from
43 meteorological stations in Qinghai Province from 1981 to 2010 to analyze
the spatial and temporal distribution characteristics of surface latent heat flux
(slhf) over the Qinghai-Tibetan Plateau and its relationship with precipitation
in Qinghai from May to October using Empirical Orthogonal Function (EOF)
analysis, correlation analysis, and composite analysis. The results showed that:
(1) The first mode EOF of slhf exhibited distinct patterns between the east-
ern and western regions of the plateau, with positive anomalies in northeast
Qinghai and the western and southern plateau regions, and negative anomalies
elsewhere. The time coefficient of the first mode showed a significant downward
trend, being positive before 2001 and negative thereafter, indicating that slhf in
northeast Qinghai and the western and southern plateau increased before 2001
but decreased afterward. (2) A significant negative correlation existed between
plateau slhf and precipitation in northeast Qinghai Province. When plateau
slhf increased (or decreased), precipitation in northeast Qinghai decreased (or
increased). (3) The area passing the 0.1 significance test was identified as the
key region (35.0°–38.5°N, 98°–103.0°E) for studying the relationship between
these variables. One standard deviation was used to select high-value and low-
value years of slhf. The results revealed that slhf in this key area showed a
significant decreasing trend over the past 35 years, while precipitation exhibited
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an increasing trend. In high slhf years, precipitation decreased in the northeast-
ern part of the key area but increased in other regions, with a 60 mm positive
anomaly center in the south. (4) In high (or low) slhf years, the geopotential
height in the key area was low (or high), wind speed was high (or low), and
water vapor convergence was weak (or strong) in the southern part of the key
area. Analysis of the intensity of the 100 hPa South Asian High and the 300
hPa temperature field revealed that the intensity of the South Asian High and
the 300 hPa warm center were slightly lower (or higher) in years when slhf was
abnormally high (or low), and the establishment (or retreat) of the South Asian
High occurred earlier.

Keywords: Qinghai-Tibetan Plateau; surface latent heat flux; Qinghai; pre-
cipitation; South Asian High; atmospheric circulation

1. Data and Methods

The study employed ERA-Interim reanalysis data and observational precipita-
tion records from 43 meteorological stations across Qinghai Province spanning
1981–2010. The primary analytical methods included Empirical Orthogonal
Function (EOF) decomposition, correlation analysis, and composite analysis
to investigate the spatiotemporal variability of surface latent heat flux and its
relationship with precipitation during the May–October period.

2. EOF Analysis of Surface Latent Heat Flux

The first mode EOF of surface latent heat flux revealed a dipole pattern distin-
guishing the eastern and western plateau regions. Positive anomalies character-
ized northeast Qinghai and the western and southern plateau, while negative
anomalies dominated remaining areas. The temporal coefficient of this mode
exhibited a statistically significant declining trend, transitioning from positive
to negative around 2001. This shift indicates that surface latent heat flux in-
creased in northeast Qinghai and the western/southern plateau prior to 2001,
subsequently decreasing thereafter [Figure 2: see original paper].

The time series of the first mode coefficient displayed pronounced interannual
variability, with positive phases before 2001 and predominantly negative phases
afterward [Figure 3: see original paper]. The second mode captured additional
spatial heterogeneity, though it explained substantially less variance than the
first mode .

3. Correlation Analysis and Key Region Identification

A significant negative correlation emerged between plateau-averaged surface la-
tent heat flux and precipitation in northeast Qinghai. This inverse relationship
implies that enhanced surface latent heat flux corresponds to reduced precipita-
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tion, and vice versa. The correlation coefficient field identified a robust signal
across the plateau [Figure 4: see original paper].

The region where correlations exceeded the 0.1 significance threshold was des-
ignated as the key study area (35.0°–38.5°N, 98°–103.0°E). Within this domain,
surface latent heat flux exhibited a significant decreasing trend over the 35-year
record, while precipitation demonstrated an increasing trend. Composite anal-
ysis based on ±1 standard deviation of slhf revealed that during high slhf years,
precipitation decreased in the northeastern sector of the key area but increased
elsewhere, forming a positive anomaly center exceeding 60 mm in the southern
region.

4. Composite Analysis of Atmospheric Circulation

4.1 500 hPa Weather Background Field Composite analysis of 500 hPa
geopotential height fields showed distinct circulation patterns between high and
low slhf years. In high slhf years, the plateau exhibited lower geopotential
heights and enhanced wind speeds, particularly in the southern periphery of the
key area. Conversely, low slhf years featured higher geopotential heights and
weaker winds. The 500 hPa circulation pattern modulated water vapor transport
pathways, influencing precipitation distribution across Qinghai [Figure 7: see
original paper].

4.2 100 hPa South Asian High and 300 hPa Temperature Field The
intensity of the 100 hPa South Asian High and the 300 hPa temperature field
exhibited coherent variations with surface latent heat flux anomalies. During
years of abnormally high slhf, the South Asian High center was slightly weaker
and its establishment was delayed, while the 300 hPa warm center was less
intense. In low slhf years, the South Asian High was stronger and established
earlier, accompanied by a more robust 300 hPa warm center [Figure 8: see
original paper]. These upper-level features regulated the large-scale circulation
patterns that preconditioned surface latent heat flux variations.

5. Summary

The primary findings of this study can be summarized as follows:

(1) The first EOF mode of surface latent heat flux displayed an east-west
contrast across the Qinghai-Tibetan Plateau, with the temporal coefficient
showing a significant decreasing trend over the 35-year period, shifting
from positive to negative after 2001.

(2) A significant negative correlation exists between plateau surface latent
heat flux and precipitation in northeast Qinghai, with the key region iden-
tified as 35.0°–38.5°N, 98°–103.0°E.

(3) In high slhf years, precipitation decreased in the northeastern part of the
key area but increased in other regions, forming a 60 mm positive anomaly
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center in the south. The opposite pattern occurred in low slhf years.

(4) Atmospheric circulation analysis revealed that high (low) slhf years corre-
sponded to lower (higher) geopotential heights, higher (lower) wind speeds,
and weaker (stronger) water vapor convergence in the southern key area.
The South Asian High intensity and 300 hPa temperature field showed
corresponding variations, with slightly weaker (stronger) centers in high
(low) slhf years and earlier (delayed) establishment of the South Asian
High.
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