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Landscape Irrigation Management Program 

LIMP 
Surface Renewal 

SR 

 How do we scientifically      

refine  

Urban Water Management? 

 



WUCOLS 

   ETL = ETo × KL 

 KL = Kp × Kd × Km  
 

  Kp  - plant species 

  Kd  - density 

  Km - microclimate 

 

 



WUCOLS 

very low (<0.1)  

 low (0.1-0.3) 

moderate (0.4-0.6) 

high (0.7-0.9)  

Kp  - plant species 

Kp includes microclimate and stress 



WUCOLS 

 low (0.5–0.9) – sparse 

 medium (1.0) – one species 

 high (1.1-1.3) – mixed 

Kd - density  



WUCOLS 

 low (0.5-0.9)  

 low radiation, temperature and/or wind  

 average (1.0)  

 microclimate like ETo site   

 high (1.1-1.4)   

  high radiation, temperature, and/or wind 

Km - microclimate  



Landscape Irrigation 
Management Program   

(LIMP) 

ETL = (ETo × Km) × (Kv × Kd) × Ks 

ETL = (   EToL      ) × (    Kp      ) × Ks 

 

 

 

• Km – microclimate  

• Kv  – vegetation (1.30)  

• Kd – density  (1.00) 

• Ks  – stress (1.00) 



Irrigation Water Requirements 

Allen, R.G., Howell, T.A., and Snyder, R.L. 

2011. Chapter 5. Irrigation Water 

Requirements. Irrigation Sixth Edition.  

Irrigation Association, Falls Church, VA 

22042. 



Vintage Non-Ideal Station 

EToL = ETo  x Km 
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Hourly Weather 



EToL  versus ETo 
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Density Coefficient (Kd) 



Local = Regional 



Wind speed = 4.0 m s-1 



Local Tx = Regional  1.1×Tx  



Slope = 10o & Aspect = 180o 



Extraterrestrial Radiation Horizontal & Sloped 



Measuring  ETL 

ETL – Landscape  

Rn  – Net radiation 

H    – Sensible Heat Flux 

G    – Ground Heat Flux 

HRET nL 

HGRET nL 



H - Sensible Heat Flux 

0.003-inch diameter 

Thermocouples 

Surface Renewal 
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One minute of 8 Hz temperature data 



CONCLUSIONS 
WUCOLS – good start 

LIMP – more science based 

 
 

ETL = (ETo × Km) × (Kv × Kd) × Ks 

 

 
Km – climate (slope) correction 

Kp = Kv×Kd - vegetation & density 

Ks – water stress 

Surface renewal - Validation 
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