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1.  INTRODUCTION 

 
Irrigation controllers are now widely used to 

manage landscape irrigation; however, scientifically 
based information on when to apply water and how 
much to apply is limited. In California, the landscape 
industry is huge and there is increased competition 
among water users. Consequently, managing irrigations 
to optimize efficient water use is critically important to 
stretch existing water supplies.  Therefore, the MS Excel 
program LIMP.XLS was written to help landscape 
professionals and homeowners to calculate ETo rates, 
determine landscape coefficient (KL) values, estimate 
landscape evapotranspiration (ETL) and determine 
irrigation schedules. This program not only helps 
practitioners but it also clarifies what horticulturalists 
need to research to help to improve urban irrigation 
management. 

Evapotranspiration from landscape vegetation is 
estimated by using a regional measure of evaporative 
demand (e.g., reference evapotranspiration or ETo), a 
microclimate coefficient (Km) to adjust the ETo for the 
“local” microclimate, a vegetation coefficient (Kv) that 
accounts for the difference in ET between well watered 
vegetation and the local ETo, a density coefficient (Kd) 
that adjusts the ET estimate for plant density, a stress 
coefficient (Ks) that adjusts for reductions in ET due to 
water stress and an evaporation coefficient (Ke) that 
defines a baseline coefficient value. Initially, the 
coefficient (Kw) to estimate ET of a well-watered 
vegetated cover is estimated as: 

dvmw KKKK ××=       (1) 
Then Kw is multiplied by a stress coefficient (Ks) to 
adjust for reductions in ET below that of well-watered 
vegetation. However, the evaporation coefficient serves 
as a baseline, so the landscape coefficient is calculated 
as: 

eswl KKKK >×= .    (2) 
Then the landscape evapotranspiration (ETl) for the 
vegetation in that location is calculated as: 

lol KETET ×= .     (3) 
 
2.  MICROCLIMATE COEFFICIENT 

 
In the “Weather” worksheet (Fig. 1), the upper table 

is used to estimate regional daily ETo rates by month 
and to enter the coefficients used to calculate landscape 
ET (ETl). The lower table (Fig. 1) is used to 
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input weather data representing the microclimate of the 
irrigation site to develop monthly microclimate correction 
factors to estimate the “Local” ETo rates. Either daily 
mean ETo rates or weather data are input to estimate 
“Regional” ETo rates in the upper table. Then the LIMP 
uses a smooth curve fitting technique to estimate daily 
ETo rates during the year from the monthly data. 
Weather inputs can include the daily mean (1) solar 
radiation (MJ m-2 d-1), air temperature (oC), wind speed 
(m s-1), and dew point temperature (oC). The program 
calculates ETo using the Penman-Monteith (PM) 
equation (Monteith, 1965) as presented in the United 
Nations FAO Irrigation and Drainage Paper (FAO 56) by 
Allen et al. (1998). If only temperature data are input, 
then the Hargreaves-Samani (1982) equation is used.  
 

 
Figure 1. Climate data input worksheet for microclimate, 
vegetation, density, stress and evaporation coefficient 
factors. 
 

Monthly climate data representing the “Local” site 
are input in the lower table of the Weather worksheet 
and ETo is calculated using the PM or HS equations. 
The ratio of “local” over “regional” ETo is computed and 
displayed in the right-hand column of the lower table. 
This ratio represents a monthly calibration for 
microclimate. While the microclimate (Km) factors are 
shown in the lower table, they are only used by the 
program if they are copied to the right-hand column of 
the upper table using “Copy – Paste Special – Values”. 
A smooth curve fitting procedure is used to estimate 
daily Km values for the year. A sample plot of daily Km 
using data from Figure 1 is shown in Figure 2.   If no 
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values are input into the right-hand column of the upper 
table, the default value of Km = 1.0 is used.   
 
 

 
Figure 2. Plot of microclimate coefficient (Km) versus 
date from data input into Figure 1. 
 
3.  VEGETATION COEFFICIENT 

 
The vegetation coefficient (Kv) is input into the 

“Weather” worksheet to adjust ET for plant canopy 
differences from ETo (i.e., the ET of 0.12 m tall, cool-
season grass). The Kv coefficient represents well-
watered vegetation with a full canopy. The Kv accounts 
for morphological and physiological differences between 
the vegetation and the reference surface (ETo). For 
example, cool-season turfgrass is shorter than the 0.12 
m tall, cool-season grass represented by ETo, so 
turfgrass ETl is commonly estimated using Kv ≈ 0.80. 
The Kv accounts for differences in net radiation, 
turbulence due to surface roughness, and canopy 
resistance relative to ETo. It is assumed that the plant 
physiology changes little during the year, so one value is 
used for Kv all year. The Kv value is input near the top 
right-hand side of the Weather worksheet (Fig. 1).  
 
4. DENSITY COEFFICIENT 
 

Sparse canopies have lower ET than dense 
canopies of the same vegetation and a density 
coefficient (Kd) is needed for the adjustment. Since there 
is no known universal correction for landscape 
vegetation, the following correction for immature 
deciduous orchards (Fig. 3) is used to estimate Kd. 
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where CG is the percentage of ground covered by green 
growing vegetation. It is assumed that this relationship 
accounts for differences in light interception by canopies 
with cover less than 70 %.  For canopies with more than 
70 % cover, Kd = 1.0. The percentage ground cover is 
input by month in the upper table of the weather 
worksheet, the monthly Kd values are calculated and 
curve fitting is used to estimate the daily Kd values. If the 
ground cover cells are left blank, the default value Kd = 
1.0 is used. The Kd value is multiplied by the vegetation 
coefficient (Kv) to estimate the landscape coefficient (Kl) 

that accounts for plant density and vegetation 
differences from the local (i.e., microclimate corrected) 
ETo rate. For example, Figure 4 shows Kv × Kd for the 
data from Figure 1. 
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Figure 3. Plot of the density (Kd) correction or fraction of 
maximum ETl versus ground cover (CG) percentage. 
 

 
Figure 4. Plot of the product of the vegetation and 
density coefficient factors from data entered in Figure 1. 
 
5. STRESS COEFFICIENT 
 

Monthly stress coefficient (Ks) values are input into 
the upper table of the Weather worksheet (Fig. 1). A 
coefficient of Ks = 0 would force ETl = 0 and a Ks = 1.0 
implies no reduction in ETl due to water stress. After 
entering the monthly data, daily Ks values are computed 
for the entire year using a curve fitting technique. In 
older literature, it was common to talk about water use 
differences between vegetation and a “species” 
coefficient was used to estimate the vegetation ET from 
ETo.  However, in LIMP, the vegetation coefficient (Kv) is 
used to estimate the ET of vegetation at the maximum 
ET rate and the Ks coefficient is used to estimate the ET 
when the vegetation is stressed. For example, warm-
season turfgrass has ET rates at about 75% of cool-
season turfgrass during the summer but the ET rate is 
near zero during the winter when the grass is dormant. 
Therefore, reasonable estimates of the stress coefficient 
(Ks) by month were input into the “Weather” worksheet 
(Fig. 1) and the daily values were estimated and plotted 
(Fig. 5). Then, the daily landscape coefficient values for 



a warm-season turfgrass would be calculated as Kl = Kv 
× Kd × Ks.
 

 
Figure 5. Plot of the daily stress coefficient based on 
data from Figure 1. 
 
6. EVAPORATION COEFFICIENT 
 

Bare soil evaporation is estimated for each day of 
the year using daily ETo estimates and the number-of-
rainy-days per month (NRD), which are input into the 
“Weather” worksheet (Fig. 1).  The NRD is used to 
estimate the rainfall frequency for each month and the 
results are used with ETo to estimate bare soil 
evaporation (Es) using a 2-stage model. A plot of the 
evaporation coefficient estimates as a function of ETo 
rate and rainfall frequency (days) is shown in Figure 6. 
The evaporation coefficient model is explained in Snyder 
et al. (2000). Then the estimated soil evaporation (Es) is 
used to calculate a daily mean Ke = Es/ETo value for 
bare soil for each month. Curve fitting is used to 
estimate daily Ke values over the year (Fig. 7).  The Kl 
values are calculated using Eqs. 1 and 2, but the values 
must be greater than or equal to Ke (Fig. 7). 
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Figure 6. Evaporation (Ke) coefficient as a function of 
ETo rate and wetting frequency. 
 

 
Figure 7. Plot of the landscape coefficient (Kl) and 
evaporation (bare soil) coefficient (Ke) based on data 
from Figure 1. 
 
7. OUTPUT & SCHEDULING 

 
Daily values from each of the coefficients are 

plotted in the charts Km_plot, Kd_plot, Ks_plot and 
Kl_plot and are listed in worksheets Km, Kd, KvKd, Ks, 
Ke and Kl. The landscape (Kl) and baseline Ke 
coefficients are plotted in Figure 7.  The daily landscape 
coefficient is calculated using Eqs. 1 and 2 and ETl is 
calculated using Eq. 3.  The ETo and ETl rates are 
plotted in the chart ET (Fig. 8) and the cumulative ETo 
and ETl are plotted in the chart CET (Fig. 9). 
 

 
Figure 8. Plot of daily ETo and ETl  using the data from 
Figure 1. 
 
 



 

ill provide 
 schedule during the year.   

 

 
Figure 9. Plot of cumulative ETo and ETl using the data 
from Figure 1. 
 

The OUTPUT worksheet (Fig. 10) contains a row 
of all coefficient and ET calculations for each day of the 
year. The LIMP program also supplies information for 
irrigation scheduling in the worksheet RT (Fig. 11). Daily 
sprinkler runtimes needed to replace the ETl losses and 
account for application efficiency are displayed. The 
application rate and efficiency are input at the top of the 
worksheet and the runtime minutes to efficiently irrigate 
are displayed in the table. When the application area is 
input, the total runtime hours and application amount for 
the year are displayed at the top of the table. 

 
Figure 10. Sample of the first 27 days of the Output 
worksheet using data from Figure 1. 

 
Figure 11. Sample the RT worksheet using data from 
Figure 1. 

The CRT worksheet (Fig. 11) shows the 
cumulative runtime minutes to replace ETl losses during 
the year.  If any character is input in the small cell 
immediately left of a cumulative value, the cumulative 
runtime is reset to zero on that date and the runtime will 
accumulate until the end of the year. If one knows the 
maximum runtime possible to avoid runoff, entering 
characters on dates with that runtime or less w
a

 
Figure 11. Sample of the CRT worksheet using data 

om Figure 1. 
 

to input 
the K  values for up to 20 watering zones.  

fr

The worksheet Kl_Mult (Fig. 12) is used 
l

 
Figure 12. Sample of the Kl_Mult worksheet with 

ndscape coefficients entered for the first two zones. 
 
la

To input the Kl values, create the Kl values for the 
vegetation of interest using the Weather worksheet and 
then copy the daily Kl column from the OUTPUT 
worksheet to the appropriate column in K1_Mult. When 
a column of Kl values is copied to the worksheet, a 
column of runtime values is created in the RT_Mult 
worksheet (Fig. 13). Then the application rate and 
application efficiency are input at the tops of the 
columns in the RT_Mult worksheet. Assuming little or no 
runoff, the distribution uniformity can be used to 
estimate the application efficiency. The runtime needed 



to replace daily water losses on each day of the year by 
zone is displayed under the application efficiency.  
 

 
Figure 13. Sample RT_Mult worksheet using the Kl 
values from the Kl_Mult worksheet (Fig. 12). Values in 
the table are daily minutes of runtime required to apply a 

ean depth to the low quarter equal to the soil water 

ulation on the corresponding date and 
the runtimes will begin to accumulate again on the 
following day. 

m
depletion estimated using evapotranspiration. 
 
The CRT_Mult worksheet (Fig. 14) provides the 
corresponding cumulative runtime requirements for each 
day of the year for each of the 20 zones. Entering any 
character in the blue column to the left of the table will 
zero the accum

 
Figure 14. Sample CRT_Mult worksheet using data from 
the RT_Mult worksheet (Fig. 13). Values in the table are 
cumulative minutes of runtime required to apply a mean 
epth to the low quarter equal to the soil water depletion 

8. UP

 ETo values, click 
n the cell to the left of where data are to be changed 

and then enter the current ETo value.  
 

d
estimated using evapotranspiration. 
 

DATING WITH CURRENT ETo RATES 
 

The LIMP program can determine runtimes 
needed for irrigation of urban landscape vegetation 
using daily ETo calculated from monthly climate data.  
However, one can also input the current ETo data into 
the ETo worksheet (Fig. 15), which is located to the right 
of the Weather worksheet. To change
o

 
Figure 15. Sample of the ETo worksheet that displays 
the ETo values used in the ETl calculations. This 
worksheet is used to update ETo based on climate data 
with current ETo rates. 
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