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North American Topography

1). Background



1) LST: land surface temperature
2) The dotted areas denote
statistical significance less than
α=0.1 level of t‐test values.

c.

b.a.

Observed differences between 9 coldest years and 9 warmest years
(based on N.W. U.S. & S. E. Canada LST)

May Observed LST and SST                                  June Observed Precipitation

June Observed LST and SST



Observed April snow water equivalent and its difference
between Coldest and Warmest Years over West U.S. 

Differences



The GCM and the RCM were integrated for two months from May 1‐10 initial,
1998 through June 30, 1998, with two different initial SUBT conditions over the
Western U.S : one from May 1998 (a cold winter as control) and another from
May 1992 (a warm winter as anomaly)

Imposed Subsurface temperature (SUBT)
anomalies at the 1st time step



Observed June Precipitation difference
btw 1992 and 1998

NCEP GCM‐simulated June 
Precipitation difference btw warm and 
cold SUBTs

Eta RCM‐downscaled June Precipitation 
difference btw warm and cold SUBTs





2). Further Analyses of Observational Data
May 20, 2015

June 28, 2011



May land surface temperature (NWUS) 
vs June Precipitation (SGP)
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34 years from 1980Correlation coefficient: 0.41,  α < 0.1 

‐σ

+σ

+0.5 σ

‐0.5σ



1980

1982

1983

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2001

2002

2003

2006

2008

2009

2010

2011

2012

2013

2014
2015

296

297

298

299

300

301

302

281 282 283 284 285 286 287 288
May LST over NWUS (K)

Ju
ne

 L
ST
 o
ve
r S

G
P 
(K
)

Correlation coefficient: ‐0.43,  α < 0.02 

May land surface temperature (NWUS) 
vs June Temperature (SGP) 
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3). North American Extreme Case Studies
3.1). 2011 Texas Drought Case



Goal: To understand whether this relationship is valid for
the 2011 drought and heat case and how SST plays role in this
drought.

Experimental design:
The WRF‐NMM/SSiB regional climate model (RCM)
The NCEP GSF coupled with the SSiBmodel



Case 1: Imposed initial subsurface temperature (SUBT) anomaly based on 
surface temperature differences between May 2011 and 9 warmest years

Case 2 Imposed SST anomaly  

Observed                   Case 1 Imposed Initial SUBT Condition at 1st step

April 2011 snow water Equi. Anomaly

Obs.  April 2011 Snow anomaly



Observed/WRF simulated anomaly/difference of surface 
temperature (°K) for May. (a.) Observed; (b.)  SUBT effect

a. b.

The dotted areas denote statistical significance at the α=0.01 level of t-test values. 



Observed/WRF‐NMM simulated anomaly/difference of  June Precipitation (mm day‐1)

a. b.

c. d.

The dotted areas denote statistical significance at the α=0.01 level of t‐test values. 

Observed SUBT Effect

SST Effect SST + SUBT Effect



Observed/WRF‐Simulated June Precipitation 
anomaly/difference over Southern Great Planes 

SUBT: Subsurface Temperature;  SST: Sea Surface Temperature

(50%)
(41%)



a. b.

c. d.

Observed/WRF‐NMM simulated anomaly/difference of June‐July Temperature

Observed SUBT Effect

SST Effect SST + SUBT Effect (C°)



SUBT: Subsurface Temperature;  SST: Sea Surface Temperature

Observed/WRF‐Simulated June‐July surface temperature 
anomaly/difference over Southern Great Planes 



3.2). 2015 Texas Flood
Goal: To understand the cause of 2015 flood and possible
mechanisms.

Experimental design:
The WRF/SSiB regional climate model (RCM)
The NCEP GSF coupled with the SSiBmodel



Observed and Simulated May 2015 Precipitation
Anomalies over United States. (a) Observed
May precipitation difference between 2015 and
the benchmark; (b) NCEP-GCM-simulated
May precipitation difference between Case 2015
and Case noSUBT_NA (i.e., LST and SUBT
effects); (c) Same as (b) but for WRF; (d)
NCEP-GCM-simulated May precipitation
difference between Case 2015 and Case
noSST_NA (i.e., SST effect); (e) same as (d)
but for WRF. Units: mm day-1. The dotted areas
denote statistical significance at the α ˂0.1 level
of t-test values.

Obs. May 2015 Precip. anomaly May 2015 Precip. Diff due to LST & SUBT Effect

May 2015 Precip. Diff due to SST Effect

GFS

GFS

WRF

WRS



Area-Averaged Obs. and WRF Simulated Precipitation anomalies for Diff. Years 
(a) May 2015 (b) June 2011

Observed and simulated precipitation anomalies over United States. (a) Area-averaged observed and WRF simulated (LST &
SUBT and SST effects) May 2015 precipitation anomalies over SGP (88–103ᵒW and 29–38 ᵒN). (b) Area-averaged observed and
WRF simulated (LST & SUBT and SST effects) June 2011 precipitation deficit over SGP. Units: Precipitation: mm day-1.



5).  Issues
Soil Model
Subsurface data over high elevation



Rnc

Rngs

Hc Ec

Hgs Egs

where the τ is the period heating (1day), GD is heat
from the surface reservoir to the subsurface, Cgs
and Cd take into account the depth of heat
penetration for diurnal and annual cycle,
respectively.

Bhumralkar, 1975; Blackkadar, 1976;
DearDorff, 1978; Sellers et al. (1986);
Dickinson (1988); Xue et al. (1996)

Tgs

TD

Force Restore method for soil temperature 

Gd

Restore term GDEnergy Balance term 
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Relationship of (a) ln[autocorrelation of soil temperature] and (b)
autocorrelation vs the time lag, for various thicknesses of soil layers.
For convenience, the persistence, which is based on the slope of the
lines on the left panel, is listed in the table. They are calculated based
on the method described in Entin et al. (2001) and Hu and
Feng (2004).

(a) (b)
Soil Temperature Memory in Tibetan
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FIG. S1. Relationship of (a) ln[autocorrelation of soil temperature]
and (b) autocorrelation vs the time lag, for various thicknesses of soil
layers. For convenience, the persistence, which is based on the slope
of the lines on the left panel, is listed in the table. They are calculated
based on the method described in Entin et al. (2001) and Hu and Feng
(2004).

(a) (b)

The force restore can only produce 1 month.

Soil Temperature Memory in Tibetan



Observed Soil T Profile     Reanalysis and Force Restore T Profile

May soil temperature Profile over the 
Tibetan Plateau

~ 1‐2m

CFSR

Force Restore



RCM Downscaling 
from GCM SUBT 
Effect

RCM Downscaling 
from the same 
reanalysis lateral 
boundary condition
Xue et al., 2012



The RCM is designed by its very nature to preserve the large scale features that
imposed from the lateral boundary conditions (LBC) but to produce fine scales
feature that are not exist in the LBC. Using the same LBC for both the control run
and anomaly runs would hamper the development of the perturbation produced
in the anomaly run because the imposed LBC tries to reinstall the climate in the
control run.
Xue, Janjic, Dudhia, Ratko, De Sales, 2014, AR



Summary
1). SST effects on the drought/flood have been investigated for
several decades but land surface temperature effect is largely ignored.
The findings relating LST/SUBT anomalies to downstream extreme
events can serve as a new approach – complementing SST and snow
anomalies – in understanding and predicting high‐impact phenomena
in N. America and East Asian regions. Its effect is compatible to SST’s
and is the 1st order forcing in the drought.

2). The LST downstream effects in N. America are associated with a
large‐scale atmospheric stationary wave extending eastward from the
LST anomaly region. The climate feature there favors a southward
steering flow, helping the anomalous vorticity to extend to the south.



3). It is challenging to apply the SUBT effects for intraseasonal‐seasonal 
prediction. The most important issue is to reproduce the observed LST 
anomaly over upstream mountain areas.   Further model improvement and 
SUBT data collection are imperative.  

4).  This research is still in the incipient stage.   More studies with different 
models and data sets, different approaches, and different cases and regions 
are necessary to understand its effects,  mechanisms and initial LST anomaly 
causes, and make the LST/SUBT anomaly becomes a useful tool for 
addressing drought and flood prediction issues


