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Deep Stable Layer 

1. Why DSL 
2. How it is defined 
3. Observations 
4. Applications 

 



Winter Inversion in Valleys 
Air Quality Problems Today? 

Wind 
High pressure 
Humidity 
Fog 
Mixing height 
Inversion 
Solar radiation 
Temperature 
….. 

NWS– Air Stagnation Advisory 

Deep Stable Layer 



High pressure  
Strong multiple stable layers  
Low temperatures 
Light variable winds 
High relative humidity 
Fogy, hazy 
Snow cover makes situation worse 
Does not breakup at the end of the day  
Poor air quality 

Deep Stable Layer  
Deep Stable Layers in the Intermountain Western United States 

Paul G. Wolyn and Thomas B. McKee, 1988 
 

A Deep stable Layer 

1500m AGL 



T-5°C, Stable 
Moist Adiabatic 

T-10°C 
Dry Adiabatic 

Unstable 

Humidity dependent 

1000m 

 T 

T 

Inversion 

T-2.5°C (65% of 1500m) DSL, Very Stable 

Air Quality Problems 

T + 

Valley Floor Bogus Basin: 5800-7600 ft ASL 
About 1000m-1500m AGL. 



How is DSL Formed 

• Synoptic-scale warming above 1-1.5km 
• Weak surface heating 
• Positive feedback 



Criteria: Why 65 of 1500m?  
Frequency of number of DSL days 

Deeper 
Not many days 
Not easy to destroy 
Air quality problems 

Many days 
Destroy easily 
Less air problems 



Criteria: Why 2.5°C/km 
Frequency of number of DSL days 

More Stable 
Not very often 
Air quality Problems  

Less stable 
Many days 
Less air problems 



Energy (wind) required to break DSL 

16m/s/km wind shear is need to get Ri =1.0 for a deep stable layer. 



Energy (heat) required to break DSL 



Third Day Wind Comparison
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OBSERVED_WIND MM5_WIND

MM5 overestimated wind speeds  
(How is WRF doing?) 



How Many DSL Days? 
(25 years) 

Location 

Total DSL Days  
(1959-1983) 

Days in Winter 
(Nov, Dec, Jan, Feb) 

Grand Junction 417 364 

Salt Lake City 298 247 

Winnemucca 417 352 

Boise 462 361 



Cycles?  
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Year 

Number of DSL days 
Boise, ID 

La Nina 1968 
El Nino 1969 La Nina La Nina 

La Nina 

El Nino 

El Nino 

El Nino 



DSL and La Nina? 



Low Stable Layer 

• Pollutants levels will continue to increase 
overnight if the low stable layer exist at the 
end of the day 

• 500m AGL (00Z) was used in Boise  

 

 





Modeled PM2.5 Levels for Nov.1 - Dec. 31, 2002 
using average 24 hour wind speed and DSL data on 5:00am 



60% 

65% 

65% 

65% 

12Z DSL Map with wind field bars and temperature contours  

50% 



00Z LSL Map with wind field bars and temperature contours  



Summary 

• DSL does not occur frequently 
• Requires high winds or/and ground heating to  destroy 
• Relatively easier to predict (Temperature profile) 
• Proposed Graphic 

– 50%, 55%, 65% (of 1500m) DSL 
– Wind bars 
– Temperature contours 


