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Abstract

With datasets of Global Land Data Assimilation System (GLDAS) NOAH land surface model, GPCC monthly mean rainfall and

NCAR/NCEP global monthly mean reanalysis from 1948 to 2010, by using methods of filtering, composite and linear regression

and correlation, characteristics of Eurasian snow depth anomalies in El Niño mature winter, its influences on soil moisture after

snow melting, and finally on East Asian summer monsoon are investigated, and the main conclusions are as follows: In El Niño

mature winter, snow depth in regions of the Iranian Plateau, the northeast of Lake Balkhash and the southern Tibetan Plateau

increase remarkably, so are the related snow melting and soil moisture. The above-mentioned three regions are identified as the

key regions for snow depth to store and extend the El Niño signals. In spring, the snow begins to melt, and the soil moisture

increases correspondingly, thus the El Niño signals are transmitted from winter snow depth to soil moisture in spring. As a

result, sensible heat flux decreases and latent heat flux increases, and the atmospheric circulations are greatly influenced. The

anomalous soil moisture in the Iranian plateau is most important for the East Asian summer monsoon in El Niño decaying

summer, since it has similar impact pattern on the anomalous summer precipitation as the El Niño composite. The spring and

summer soil moisture in both the southern Tibetan plateau and the northeast of Lake Balkhash increase simultaneously, which

significantly contribute to the increased precipitation in North China. Therefore, to investigate and predict the East Asian

summer monsoon variabilities by using El Niño signal, the roles of snow depth in storing and modulating El Niño impacts in

those key regions should be considered.
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1. Motivation

2. Data and Method

Questions:

• What are the key regions of snow depth anomalies in response to the

winter El Niño forcing?

• How do the El Niño-related winter snow depth anomalies in key regions

influence the East Asian summer climate anomalies?

Wang YF, XG Sun*, X-Q Yang, 2017: Role of snow depth in the influence of El Niño on summer climate anomalies over East Asia. Chinese Journal of Geophysics (in Chinese), 60(9), 3325-3337. doi: 10.6038/cjg20170905.

Winter
El Niño signal

Eastern tropical Pacific

Summer
Climate anomaly

East Asia
(Sun & Yang 2005, 2007; Sun et al. 2010)

Close relationship

(Sun and Yang 2005, 2007)

Winter & Spring
• Indian ocean basin warming (Xie
et al. 2009, 2010)

• Northwest Pacific cooling (Wang
et al. 2000)

Summer
Anomalous Northwest Pacific
anticyclone (Wang et al. 2000)

Winter & Spring snow
• Eurasian continent increase (Yang
1996; Mu and Zhou 2009)

• Tibetan Plateau (Shaman &
Tziperman 2005; Yuan et al. 2009)

Spring & Summer
Anomalous soil moisture and

atmospheric circulation
(Wu et al. 2015; Wu & Kirtman 2007)

Ocean

Land

SST dataset: NOAA ERSSTv3 2°×2° 1948-2010

Definition of an El Niño event:

niño3 index is greater than or equal to 0.5 °C for any five months during the period from September

to the next May

List of 18 El Niño events:

1951-1952, 1953-1954, 1957-1958, 1963-1964, 1965-1966, 1968-1969, 1969-1970, 1972-1973, 

1976-1977, 1982-1983, 1986-1987, 1987-1988, 1991-1992, 1997-1998, 2002-2003, 2004-2005, 

2006-2007, 2009-2010

Land dataset: GLDAS_NOAH025 0.25°×0.25° 1948-2010

GLADS (Global Land Data Assimilation System) data is a product of data assimilation of satellite 

data, land surface model and ground observational data (Zhu and Shi, 2014), including 4 soil layers: 0-

10 cm, 10-40 cm, 40 cm-1m and 1m-2m.

Variables: soil moisture, soil temperature, snow depth, snow melting, sensible heat flux, latent heat flux

Precipitation dataset: GPCCv7 0.5°×0.5° 1948-2010

Atmosphere Reanalysis dataset: NCEP/NCAR reanalysis 2.5°×2.5° 1948-2010

Methodology:

band-pass filtering at interannual time scale (13-month to 8-year)

Composite, linear regression/correlation

3. Results

Fig.1: Composites anomalies in El Niño mature winter (DJF) based on the 18 El Niño events. The

crossed areas indicate significant correlation at 0.1 significance level. Black boxes indicate the three

key regions, i.e., Iranian Plateau, northeast of Lake Balkhash and southern Tibetan Plateau.

snow depth snow melting subsurface soil moisture (0-10 cm)

Three key regions of snow depth anomalies in El Nino mature winter (DJF)

Key regions Correlation with niño3 Cases in El Niño events

Iranian Plateau 0.42 9/18 (50%)

Northeast of Lake Balkhash 0.38 7/18 (39%)

Southern Tibetan Plateau 0.37 5/18 (28%)

Fig.2: Evolutions of composite area-averaged anomalies of snow depth

(snowd, unit: kg/m^2), snow melting (snowm, unit: kg/m^2), soil moisture

(unit: kg/m^2), sensible heat flux (shflx, unit: Wm^2) and latent heat flux

(lhflx, unit: Wm^2) for Iranian plateau (a), northeast of Lake Balkhash (b)

and southern Tibetan plateau regions in El Niño life time.
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Fig.3: El Niño composite and regressed anomalies of summer atmospheric variables on the standardized time series of simultaneous area-averaged second-layer soil moisture anomalies

in the three key regions.

4. Summary

◆ Three key regions, i.e., Iranian Plateau, northeast of Lake Balkhash and southern Tibetan Plateau, of snow depth anomalies are identified

associated with El Niño events.

◆ Major processes: El Niño → increased snow depth (DJF) → increased soil moisture due to snow melting (DJF-to-JJA) → increased local

precipitation due to positive feedback between soil moisture and rainfall (Pal and Eltahir 2003) → atmospheric circulation and precipitation

anomalies over East Asia due to the key-region rainfall-induced diabatic heating forcing.
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