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S2S variability, and impacts on prediction of precipitation 
and heatwaves, especially droughts and floods in downwind 
regions. (2) Mechanisms of dynamic and physical processes 
and hydroclimate feedback associated with the land forcing-
induced S2S predictability; relative roles and uncertainties 
of land processes compared to those of SST in S2S predic-
tion. (3) Application of observational and assimilation data 
and remote sensing products providing a pathway for evalu-
ation and improvement of S2S prediction modeling and 
advancing understanding the roles of land processes in S2S 
predictability. (4) Evaluation of RCM downscaling ability 
in simulating water and energy cycle and atmospheric con-
ditions in high-mountain regions, e.g., the Tibetan Plateau 
(TP), including their variability, and potential contribution 
to S2S predictability.

Most papers in the special issue are from the Global 
Energy and Water Exchanges (GEWEX)/ Impact of Initial-
ized Land Temperature and Snowpack on Sub-seasonal to 
Seasonal Prediction (LS4P) project (Xue et al. 2021). LS4P 
is the first international effort to explore the possibility that 
spring land surface and subsurface temperature (LST/SUBT) 
over high mountain areas is a crucial factor that can lead 
to significant improvement in S2S precipitation prediction 
through the remote effects of land/atmosphere interactions. 
More than 40 institutions including many major climate 
and weather prediction centers worldwide participate in this 
project. The first phase (LS4P-I) has been focused on the 
effect of the spring LST/SUBT in TP on the global sum-
mer precipitation variability. The spring and summer 2003 
have been selected for the case study, when the TP had a 
very cold spring and the southern Yangtze River basin had 
a severe drought, which cause had never been identified. 
Xue et al. (2023) summarizes the major results from the 
LS4P-I ESM ensemble mean regarding the S2S predict-
ability. In addition to the southern Yangtze River basin, 
another 7 hotspot regions over Northern Hemisphere have 
been identified where the TP spring LST/SUBT had signifi-
cant impact on the dry or wet conditions, which are also 

It is well-known that the root cause of extreme hydroclimate 
events, i.e., heatwave, droughts, and floods, under climate 
change is in the variability of precipitation at subseasonal-
to-seasonal(S2S) time scales. Improved S2S prediction 
of precipitation over land is among the top priorities in 
the mitigation of disastrous impacts of climate change on 
human society. Yet, the skill of S2S precipitation prediction 
over land, especially in the late spring-to-summer months 
when extreme hydroclimate events frequently occur, has 
remained poor to date. To tackle the “weather–climate pre-
diction desert ranging from two weeks to three months” 
(Merryfield et al. 2020), a joint S2S Prediction Project of 
the World Climate Research Programme (WCRP) and the 
World Weather Research Programme (WWRP) of the World 
Meteorological Organization (WMO) has been launched. 
The S2S precipitation predictability has been attributed to 
various mechanisms, among which sea surface temperature 
(SST) has long been considered as a major source of pre-
dictability. However, observational data analyses and mod-
eling studies have consistently shown that SST alone only 
partially explains the phenomena of predictability. Addi-
tional emphases on atmosphere-land interactions are needed 
to close the gap on S2S precipitation predictability.

This special issue includes recent research using both 
observational data and/or Earth System Models (ESM) 
or Regional Climate Models (RCM) to seek explanations 
beyond current traditional SST approaches by exploring the 
role of land-induced forcing in S2S predictability/predic-
tion with following themes: (1) Contributions to improving 
understanding of the role of land-induced forcing/atmo-
sphere interactions in high-mountain and other regions in 

	
 Yongkang Xue
yxue@geog.ucla.edu

1	 University of California, Los Angeles, CA, USA
2	 Earth System Science Interdisciplinary Center, University of 

Maryland, College Park, MD, USA

Published online: 25 March 2024
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2024

Subseasonal-to-seasonal predictability of extreme precipitation and 
land forcing

Yongkang Xue1 · William K-M Lau2

1 3

http://crossmark.crossref.org/dialog/?doi=10.1007/s00382-024-07203-4&domain=pdf&date_stamp=2024-3-22


Y. Xue, W. K.-M. Lau

consistent with the observed anomalies. Furthermore, the 
Tibetan Plateau-Rocky Mountain Circumglobal wave train 
(TRC) has been found to be highly associate with the TP 
LST/SUBT’s global scale effect. Among 8 hotspots regions, 
5 are along the TRC and one is in its extension. Zhang et al. 
(2024) and Xue et al. (2023) in this special issue analyzed 
the possible mechanisms for TP’s influence in global cir-
culation and East Asian monsoon, respectively. The TRC’s 
role in the TP’s remote effect has been further confirmed by 
Ardilouze and Boone (2023) and Qin et al. (2023).

Several researchers presented their research and results 
that extend the LS4P-I original scope (Qi et al. 2022; Xu 
et al. 2022; Yang et al. 2022; Saha et al. 2023). Xu et al. 
(2022) integrated the model for 8 months starting in April 
and found the TP LST/SUBT serves as a charged capacitor 
to modulate the planetary atmospheric circulation and affect 
the East Asian summer’s seasonal prediction through influ-
encing the South Asian High and shifting the East Asian jet. 
Since LS4P-I did not simulate South Asian monsoon well, 
using the observational data and five LS4P-I ESMs’ results, 
Saha et al. (2023) found a mode that is linked the spring 
LST around the Western Third Pole (WTP), i.e., the west-
ern Tibetan Plateau and Iranian Plateau, during the early 
phase (May-June) of the South Asian monsoon. Diallo et 
al. (2022) carried out prototype research for LS4P Phase II 
(LS4P-II) to investigate how observed warm spring TP in 
1998 caused summer flood in downstream East Asian mon-
soon region. Yang et al. (2022) investigate the influence of 
spring LST/SUBT over Central Asia on summer LST vari-
ability and prediction over Northeastern China.

To properly simulate the LST/SUBT effect, the key is to 
reproduce the observed LST anomaly. This requires ade-
quate LST initial condition. Due to lack of observational 
data over high mountains, such as TP, the LST in reanalysis 
data, which are used by many ESMs for initial conditions 
may not represent reality well (Xue et al. 2021). A number 
of papers investigate methodologies to improve the LST 
initial conditions. Ardilouze and Boone (2023) found that 
when they adjust both initial soil temperature and soil mois-
ture under constraint of enthalpy conservation, a more real-
istic LST anomaly can be produced by the models. Qin et 
al. (2023) applied a nudge approach to generate better initial 
LST condition and CRT wave train. Furthermore, how dif-
ferent land models cause the uncertainty in simulating the 
land memory is also investigated (Qiu et al. 2022).

RCM plays a crucial role in the S2S prediction (Xue et 
al. 2018). Tang et al. (2023) reported 8 LS4P RCMs inter-
comparison for their performance over the TP and identified 
different downscaling characteristics for the RegCM4 type 
and WRF type models. The study showed that varying land 
and cumulus schemes are the main cause for large precipita-
tion differences over the TP. The role of convective activity 

in the S2S prediction has also been addressed in Sugimoto 
et al. (2022) and Risanto et al. (2022).

The papers in this special issue present the latest 
advances in S2S prediction using the land forcing. This 
special issue reports the first community effort in explor-
ing the high mountain LST/SUBT’ tele-connected impact 
on summer precipitation S2S predictability over midlatitude 
and tropical hotspots regions. Despite the progress that has 
been achieved, approaches to finding additional predictabil-
ity sources based on LST/SUBT condition over high moun-
tains are still in the incipient and exploratory stages. There 
are more issues to be addressed and further research is 
imperative to achieve a comprehensive understanding. For 
instance, land-atmosphere interaction studies performed so 
far have been focused on the local land surface/atmosphere 
feedback with remote SST forcing at the background. With 
the recognition of remote effect of land forcing, it is impor-
tant to study the combined remote effects from the high 
mountain LST/SUBT and local feedback from vegetation 
and soil moisture to further improve S2S predictions. Fur-
thermore, there are only a few studies to explore the cause 
of the LST/SUBT anomaly and memory in high mountains 
(Zhang et al. 2019; Liu et al. 2020; Takaya et al. 2024). The 
above two issues are just examples among many challeng-
ing issues. The published studies represent a starting point 
for further investigation. We hope this special issue can 
stimulate more research on land-induced forcing and S2S 
and long-term predictability/prediction.
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