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1. Mountain	effects	under	dry	conditions
2. Mountain	effects	under	wet	conditions

Impact	of	Mountainous	Terrain	



The Plateau acts as a heated source 
in Summer (Hu et al., 2014, STE)

North China Plain, heat source 
Terrain 
height

T@850hPa

T@550hPa



Impact of Mountain-Plain solenoid on boundary layer

Mountain-Plain solenoid suppress 
boundary layer development and 
enhance air pollution 
(Hu et al., 2014, STE)

Plateau NCP



12 September 2010 simulated by WRF and observed by the L-band radiosonde.
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Simulated by WRF

Thermal effects of Plateau partially lead to 
PBL height spring > summer > fall > winter

Miao and Hu et al. (2015, JAMES) 

Impact	of	thermal	effects	on	boundary	layer
Seasonal study for the Beijing-Tianjin-Hebei region



Thermal effects of Plateau partially lead to 
frequent haze events in Fall and Winter

Miao and Hu et al. (2015, JAMES) 

Impact	of	thermal	effects
Seasonal variation of pollutants in the boundary layer



Effects	of	Loess	Plateau

Thermal (active*) effect
Dynamic (passive) effect



Dynamic	effect	of	Loess	Plateau

–Identify	the	dynamic	effects	of	Loess	
Plateau
–Investigate	the	impact	of	such	effects	
on	air	quality	in	the	North	China	Plain	
(NCP)	

Hu, Li and Xue (2016a, BLM)*

*Hu, X.-M., et al. (2016a), The Formation of Barrier Winds East of the Loess Plateau 
and their Effects on Dispersion Conditions in the North China Plains, Bound.-layer 
meteor., DOI:10.1007/s10546-016-0159-4 .



Spatial	distribution	of	haze	days	&	wind	speed

Weak winds in the west of NCP (Fu 
et al. 2014) lead to more frequent 
haze events in this region (Wu et al. 
2014)  

Fu GQ et al. (2014) The distribution and trends of fog and haze in the North   
China Plain over the past 30 years. Atmos Chem Phys 14:11949–11958.
Hu, X.-M., et al. (2016), The Formation of Barrier Winds East of the Loess 
Plateau and their Effects on Dispersion Conditions in the North China 
Plains, Bound.-layer meteor., DOI:10.1007/s10546-016-0159-4 .
Wu D et al. (2014) The long-term trend of haze and fog days and the surface 
layer transport conditions under haze weather in North China. Acta Sci
Circumst 34:1–11



Develop	a	slab	model	to	simulate	winds	in	NCP
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C is the concentration of a passive pollutant
H ≈ 1 km
h is the perturbation height of the layer top, 
representing the pressure perturbation caused by mountain blocking and subsequent flow rising



A	slab	model	based	on	Pu	and	Dickinson	(2014)
Pu	and	Dickinson	(2014,	JAS)
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Hu	(2016,	BLM)

1.	Removed	friction
2.	Added	advection
3.	Added	pollutants



Model	configuration	of	the	slab	model
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Domain: 400kmx400km
Boundary	condition:	slip-wall	in	west	boundary

open	condition	in	east
Ambient	wind: 150oC	(southeasterly)

30oC	(northeasterly)
Geopotential	gradient: constant



Simulated	winds	in	NCP	under	2	conditions
Direction = 150o Direction = 30o

Same perturbation winds lead to different spatial distribution of wind speed.
• Weak wind region for 150oC, leading to poor dispersion!
• Barrier jet                for 30oC,                      good dispersion! 



Use	vorticity	budget	to	explain	cyclonic	turning	of	wind	
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Taking ∂/∂x of Eq. 2 and subtracting ∂/∂y of Eq. 1
gives the rate of relative vorticity



Impact	on	air	quality	in	NCP

Weak wind region for southeasterly winds, leading to poor dispersion!



Conclusions	for	NCP
1.The Mountain-Plains Solenoid (MPS) circulation 
suppresses the mixed layer, exacerbating air pollution 
over the NCP
2.Thermal effects lead to seasonal variation of boundary 
layer and pollutants (more haze in fall and winter)
3.A one-layer slab model is developed to investigate the 
wind field in the North China Plain (NCP) 
4. Dynamic modification by the Loess Plateau leads to 
barrier wind formation in the NCP
5. Barrier wind formation reduces the wind speed in the 
western part of NCP, leading to poor dispersion 
condition and exacerbating air pollution.



1. Mountain	effects	under	dry	conditions
2. Mountain	effects	under	wet	conditions

Impact	of	Mountainous	Terrain	



Flood Region along the Balcones Escarpment

Tallies of all flood fatalities from 1959 to 2005 (Ashley & Ashley, 2008) 

hydrologic effects of the Balcones Escarpment are well known, 
the meteorological impacts of the Edwards Plateau and Balcones Escarpment are not well understood



The Escarpment and Plateau modulate Aug precipitation
Stage IV observation

Thermal effect?
Dynamic effect?



Configuration of dynamic downscaling with 
the Weather Research and Forecasting (WRF) model

Difficulty of precipitation downscaling in the region
Spectral nudging and convection-permitting are critical 



Precipitation evaluation
Stage IV data WRF downscaling
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WRF downscaling nicely captures the spatial  
and temporal distributions.



Likely causes:
enhanced upward motion
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Precipitation is well aligned with the upward motion.

due to terrain height gradient or other factors?



Likely causes:
soil types

Over the Escarpment and Plateau:
fine-textured clay => slow capillary motion 
=> suppressed latent heat fluxes.  

In contrast, sand over the coastal plain 
is coarse textured



Clay enhanced vertical motion
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Brown: Clay



Mountain-Plain Solenoid induced 
the wind maximum band?

PBLH

Vertical
velocity

Terrain 
height

Wind 
speed

Hu and Xue (2016) noticed the wind maximum band along the Balcones Escarpment in summer afternoon



Further confirmation:
sensitivity simulations

Different soil textures are reflected in
moisture availability parameter

Θ# wilting point soil moisture (WLTSMC)
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Conclusions
1. Plateau and escarpment enhance 
precipitation, not due to mountain-plain solenoid 
circulation, but due to soil type differences.
2.Clay tends to retain soil moisture, thus 
enhancing sensible heat fluxes and triggering 
upward motions.
3.The upward motion and compensating 
downward motion lead to the soil-type 
circulation breezes.


