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Quick Facts 
Atmometers supply a direct reading of 

reference ET, reducing the need for 
expensive weather stations. 

ET estimation by an atmometer is accept-
able for most irrigation scheduling 
purposes. 

Operation of an atmometer is as simple as 
reading a rain gauge. 

The atmometer can be used for irrigation 
schedul ing by the water-balance 
method, which uses simplified tables 
of crop and soil coefficients and addi-
tional evaporation due to wet soil 
conditions. 

An atmometer measures the amount of water 
evaporated to the atmosphere from a wet, porous 
ceramic surface. Atmometers have been used 
s i n c e the late 1800s to s tudy p lant t ransp irat ion . 
A s its n a m e i m p l i e s , a t m o m e t e r s are an "a tmos -
pheric meter," and they measure evaporation 
rates as affected by weather conditions. 

The modified atmometer2 consists of a ceramic 
cup (Bellani plate) covered with a rough green 
canvas and mounted on top of a cylindrical water 
reservoir as shown in Figure 1. Distilled water is 
supplied to the ceramic cup from the lower part 
of the water reservoir by a conduit (suction tube), 
A check valve installed at the lower part of the 
suction tube prevents a back flow of water from 
the outside. A plastic sight tube is mounted on the 
side wall to indicate the water level in the reservoir. 

By covering the ceramic cup with green can-
vas, the atmometer simulates water loss from a 
well-watered, vigorously-growing field of alfalfa. 
At full cover, transpiration accounts for nearly 95 
percent of the total evapotranspiration (ET) (see 
Service in Action sheet 4.707, Irrigation schedul-
ing: the water balance approach). In other words, 

Figure 1: Schematic description of the modified 
atmometer. 

95 percent of the total water vapor transferred to 
the atmosphere comes from the plants as opposed 
to the soil. Therefore, the amount of water evapo-
rated from the modified atmometer can be used as 
a direct indication of alfalfa reference ET after full 
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cover has been achieved. Accuracy of daily ET 
data obtained by visually reading the plastic 
sight tube is limited. However, the atmometer is 
self-recording because it accumulates the ET once 
the reading has begun and the "reading errors" 
tend to average out. The accuracy of the modified 
atmometer for irrigation scheduling purposes 
was verified under local conditions. 

Several studies were undertaken in which ET 
estimations using the atmometer were compared 
with more common methods under different field 
conditions in Colorado. A more formal study was 
conducted at the Agricultural Engineering Re-
search Center in Fort Collins. ET estimations of 
four atmometers were compared to ET estima-
tions by the Penman method. The results showed 
that the variability between atmometers spaced 
close together is small, and that the ET estima-
tions by the modified atmometer were similar to 
those of the Penman method. These are only pre-
liminary favorable results that indicate that the 
modified atmometer can be used as a tool to esti-
mate alfalfa reference ET for irrigation schedul-
ing purposes. It is recommended to periodically 
compare ET estimations by the atmometer to 
other methods to insure the atmometer reliability. 

Installation and Operation 
To install an atmometer place the instrument 

in a vertical position with the top of the ceramic 
cup 3.3 feet above the soil surface in a location 
with easy access within the irrigated field. The 
site should represent average field conditions. Do 
not install near wind shelters such as farm build-
ings, trees or tall crops. Detailed set-up and main-
tenance instructions are provided by the manu-
facturer with the atmometer. It is important to 
keep the green canvas clean by washing it period-
ically. It also is recommended to install a taller 
post next to the atmometer to discourage birds 
from perching on the atmometer. 

Operation of the modified atmometer is as 
simple as reading a rain gauge. To determine the 
equivalent depth of water evaporated read the 
plastic sight tube graduated in inches to find the 
variation in water levels during the considered 
period of time. When the water level in the reser-
voir drops to approximately two-thirds of the 
reservoir add distilled water. Set-up instructions 
explain how to fill the atmometer with distilled 
water. An important procedure in the set-up and 
refill of the modified atmometer is to maintain 
continuity of water through the ceramic cup and 
the suction tube. A lateral spout on the upper por-
tion of the cylindrical reservoir is used to refill 
the water reservoir whenever necessary. Relia-
bility and accuracy of atmometer readings can be 
increased by installing more than one device at 
the same site. In case of significant differences in 
reading between instruments, the cups should be 
cleaned and checked or the manufacturer should 
be contacted. 

Water Balance with the Atmometer 
The modified atmometer can be used for irri-

gation scheduling by providing daily estimates of 
alfalfa reference ET. Reference ET is used in the 
water-balance method (see SIA 4.707) as an esti-
mation of the potential water loss from a refer-
ence crop. ET estimation is the difficult portion of 
the water-balance method, and usually it is done 
by calculating ET from measured weather param-
eters. The modified atmometer facilitates the ET 
estimation by supplying a direct reading of refer-
ence ET. Consequently, no cumbersome weather 
measurements and calculations are required. In 
some areas of Colorado, daily ET values based on 
climatological data are published by Cooperative 
Extension agents or Soil Conservation Service 
(SCS) personnel and can be used for the soil 
water-balance calculations. However, these values 
represent average conditions of the area and not 
local conditions at each farm. 

Water-balance tables (WBT) were developed 
to manual ly ca lculate so i l water balance and 
further facilitate the use of the modified atmome-
ter for irrigation scheduling. At the start of the 
season, soil water-balance tables can be gener-
ated by a loca l Cooperat ive Extens ion agent or 
SCS office and filled in manually during the 
growing season. The WBT and look-up tables for 
soil and additional evaporation coefficients for a 
particular field are generated by a computer 
program. 

The input information needed to generate the 
WBT and look-up tables is as follows: 

1. Dates of planting and root development 
(germination date). 

2. Number of days from, planting to full cover 
and from full cover to harvest. 

3. Initial root depth (inches)—usually assumed 
to be 8 inches. 

4. Maximum root depth (inches). 
5. Available water capacity (in/in). 
8. Management allowable depletion (MAD) 

(percent). Three different levels of MAD are 
allowed. 

7. Crop coefficients in the form of coefficients 
of a four degree polynomial equation. The 
program has built in crop coefficients from 
Duke et al.3 (1987) for the following crops: 
alfalfa, corn, dry beans, pasture, potatoes, 
sorghum, soybeans, small grains and sugar 
beets. These coefficients show up on the 
data screen when the name of the crop is 
entered. The crop coefficients were devel-
oped for use with alfalfa reference ET in the 
western United States. 

The WBT (Table 1) consists of nine columns, 
and the number of rows is the number of days in 
the growing season. Dates, crop coefficients (KC) 
and MADs are calculated and inserted in the WBT. 
The rest of the columns are filled out by the user 
during the growing season. Actual ET is found by 
multiplying the reference ET by the given crop 



coef f ic ient , a soi l coe f f i c ient and an additional 
evaporation coeff icient. These last two coeff ic ients 
are taken f r o m the l ook -up tables. 

The so i l coe f f i c ient (KS) l ook-up table (Table 
2) is the poss ib le depletion levels for each day of 
the g r o w i n g season with a c o r respond ing soi l 
coe f f i c ient (KS). The additional evaporat ion coef-
f ic ient (KW) l ook -up table (Table 3) is poss ib le 
va lues of KW for each day of the g r o w i n g season 
for co r respond ing va lues of KS. 

The WBT (Table 1) can be updated on a daily or 
week ly basis f o l l o w i n g the steps listed below. 

1. Enter re ference ET in c o l u m n 2 (Table 1) 
and rain a n d / o r irrigation depths in c o l u m n 
7. 

2. Find so i l coe f f i c ient (KS) value that cor-
responds to the p rev i ous day 's depletion 
f r o m the l ook -up table (Table 2). Enter the 
KS value in c o l u m n 4. For example , assume 
the soi l water depletion on 14 May w a s 0.34 
inches. Table 2 for 15 May, shows the cor-
responding KS value is 0.90. 

3. If the so i l sur face is ve ry wet f r o m a rain or 
irr igat ion within the last one to three days, 
f ind the additional evaporat ion coe f f i c ient 
KW va lue (Table 3) that c o r r e s p o n d s to the 

soi l coe f f i c i ent KS value found in the pre-
v i o u s step. Enter the KW value in c o l u m n 5. 
Take the K S va lue found in step 2 and l o o k 
up Table 3 or 15 May. It s h o w s that the cor-
r e spond ing KW value is 3.85. If the so i l sur-
face is dry, the value of KW is 1.0. 

4. Calculate actual ET by mul t ip ly ing refer-
ence ET by the c r o p coe f f i c ient , so i l c oe f f i -
cient and additional evaporation coefficient. 
Enter the result in co lumn 6. 

5. To f ind today 's deplet ion add today 's actual 
ET ( co lumn 6) to the prev ious day ' s deple-
tion and subtract rain a n d / o r irr igation 
( c o l u m n 7). The result is today 's so i l water 
deplet ion and is entered in c o l u m n 8. If the 
result is negative , enter zero in c o l u m n 8. 

6. Irr igation is needed if today 's soi l water 
deplet ion ( c o l u m n 8) is equal to or exceeds 
the M A D in c o l u m n 9. 

A short ve r s i on of the WBT (Table 4) a lso is 
avai lable that does not inc lude the soi l and addi-
t ional evaporat ion coef f i c ients , thus i gnor ing the 
ef fect of the actual water content on the actual ET. 
For this ve r s i on the user on ly needs to enter refer-
ence ET and does not need the l ook -up tables. 

Table 1: L o n g vers i on of the so i l water-balance table. 
Instructions to determine today's soil water depletion: 
Insert atmometer ET or alfalfa reference ET in column (2). Multiply the ET in column (2) by the crop coefficient, KC. 
in column (3), the soil coefficient. KS, in column (4), and then the coefficient to adjust for recent irrigation or rain. 
KW, in column (5). Write the result in column (6), which is today's actual water use. AET. Insert rain or irrigation 
applied in column (7). Add the AET in column (6) with the previous day depletion in column (8) then subtract column 
(7) to get today's soil water depletion. Today's soil water depletion can be negative if rain and/or irrigation exceed 
the soil water depletion. In this case, enter a zero in column (8). Write today's soil water depletion in column (8) to 
record today's depletion. Now, compare the soil water depletion to the MAD, in column (9). If today's depletion is 
greater than the MAD, then irrigation is needed. 
Field: SW-1 
Crop: CORN 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Date Atmometer KC KS KW AET Rain/ Soil water MAD 

ET (in) (in) irrigation depletion 
(in) (in) (in) 

10-May 0.20 * = 
— - 0.30 

11-May 0.20 * 
— - 0.33 

12-May 0.20 * 
— 

-0.36 
13-May 0.21 * 

— 0.40 
14-May * 0.21 * 

— 
— 0.43 

15-May * 0.22 * 
— 0.46 

16-May * 0.23 * 
— 0.49 

17-May 0.23 * _ — 0.52 
18-May 0.24 * 

— 
.... 0.55 

19-May 0.25 * 
— • 0.59 

20-May 0.26 * 

— 0.62 



2: Portion of the 

Field: SW-1 
Crop: CORN 

Date 
0.99 0.96 0.93 0.90 0.87 0.84 0.81 0.78 0.75 0.72 0.69 0.66 

10-May 0.03 0.10 0.17 0.22 0.27 0 35 
0.39 

0.39 0.41 0.44 0.46 0.48 
11-May 0.03 0.11 0.19 0.25 0.30 0.35 

0 35 
0.39 0.43 0.46 0.49 0.51 0.53 

12-May 0.03 0.12 0.20 0.27 0.33 0.38 0.43 0.47 0.50 0.53 0.56 0.58 
13-May 0.04 0.13 0 . 2 2 0.30 0.36 0.42 0.47 0.51 0.59 

0.63 0.61 0.63 
14-May 0.04 0.15 0.24 0.32 0.39 0.45 0.50 0.55 

0.59 
0.63 

0.66 0.68 
15-May 0.04 0.16 0.26 0.34 0.42 0.48 0.54 0.59 0.63 0.67 0.71 0.73 
16-May 0.04 0.17 0.27 0.37 0.45 0.52 0.58 0.63 0.68 0.72 0.75 0.79 
17-May 0.05 0.18 0.29 0.39 0.48 0.55 0.62 0.72 0.77 0.80 0.84 
18-May 0.05 0.19 0.31 0.41 0.51 0.58 0.65 0.77 0.81 0.85 0.89 
19-May 0.05 0.20 0.33 0.44 0.53 0.62 0.69 0.76 0.81 0.86 0.90 0.94 
20-May 0.06 0.21 0.34 0.46 0.56 0.65 0.73 0.80 0.85 0.91 0.95 0.99 

> 0.78 0.75 0.72 

10-May 3.86 3.98 4.10 4.23 4.37 4.52 4.67 

4.71 

5.03 5.23 5.45 5.69 
11-May 
12-May 

3.81 
3.76 

3.93 
3.87 

4.05 
3.98 

4.18 
4.11 

4.31 
4.25 

4.46 
4.39 

4.62 
4.55 4.71 

4.97 5.17 
5.09 

5.39 
5.30 5.53 

13-May 3.69 3.79 3.91 4.03 4.17 4.31 4.46 4.62 4.80 4.99 5.20 5.43 
14-May 3.61 3.71 3.83 3.95 4.08 4.22 4.36 4.52 4.70 4.89 5.09 5.31 
15-May 3.52 3.63 3.74 3.85 3.98 4.12 4.26 4.42 4.59 4.77 4.97 5.18 
16-May 3.43 3.53 3.64 3.75 3.88 4.01 4.30 4.47 4.64 4.84 5.05 
17-May 3.34 3.44 3.54 3.65 3.77 3.90 4.18 4.34 4.51 4.70 4.91 
18-May 3.24 3.33 3.44 3.54 3.66 3.78 3.92 4.06 4.38 4.56 4.76 
19-May 3.14 3.23 3.33 3.44 3.55 3.67 3.80 3.93 4.08 4.24 4.42 4.61 
20-May 3.04 3.13 3.23 3.33 3.44 3.55 3.67 3.81 3.95 4.11 4.28 4.46 

Crop: CORN 
(1) 

10-May 
11-May 
12-May 

(2) 

ET 
(in) 

* * 0.20 = 
0.20 
0.20 

Soil water irrigation depletion er MAD 
(in) 

0.30 
0.33 

" 0.36 
13-May * 0.21 — _ 0.40 
14-May * 0.21 — — 0.43 
15-May * 0 22 

0.23 
_ _ 0.46 

18-May * 
0 22 
0.23 — — 0.49 

17-May * 0.23 _ — 0.52 
18-May * 0.24 — — 0.55 
19-May * * 0.25 

0.26 — — 
0.59 
0.62 

Instructions to determine today's soil water depletion: Insert atmometer ET or alfalfa reference ET in column (2). Multiply the ET in column (2) by the crop coeffecient, KC, 
in column (3), and write the result in column (4), which is today's actual water use, AET. Insert rain or irrigation 
applied in column (5). Add the AET in column (4) with the previous day's depletion in column (8) then subtract 
column (5) to get today 's soil water depletion. Today's soil water depletion can be negative if rain and/or irrigation 

exceed the soil water depletion. In this case, enter a zero in column (6). Write today's soil water depletion in column 
(6) to record today 's depletion. Now. compare the soil water depletion to the MAD, in column (7). If today's depletion is greater than the MAD, then irrigation is needed. 


