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VALIDATION OF SURFACE IRRIGATION MODEL 
SIRMOD UNDER CLAY LOAM SOIL CONDITIONS IN 

EGYPT 
Mehana, H. M. **, El-Bagoury, K. F. *, Hussein, M. M. ** 

and El-Gindy, A.M.* 
ABSTRACT 

Surface irrigation (gravity) is the most dominant method currently 
accounts for 80-85% of irrigation water use in Egypt and surface 
application is by far the dominant irrigation method applied throughout 
the world. However, water use efficiencies with surface irrigation 
methods tend to be low. In recent years a number of surface irrigation 
simulation models for assessing surface irrigation system performance 
have been developed. One of the most commonly used models SIRMOD, 
developed by Utah State University, has seen wide use and evaluation 
throughout the world particularly by researchers and has been shown to 
offer potential for increasing surface irrigation water use efficiencies. The 
use of the SIRMOD model as a management tool for improving irrigation 
efficiencies was found to be a valuable aid. 
This study aims to validate SIRMOD model for using in Egypt under clay 
loam soil conditions. The SIRMOD model adequately describes advance 
and recession times and infiltrated depth under experimental site 
conditions for the furrow irrigation practice. In particular, for the 
experimental site the SIRMOD model provided acceptable predictions for 
75 m and 50 m furrow lengths under 0.2% field slope, and for 100 m, 75 
m and 50 m furrow lengths under 0.5% field slope at the 1st irrigation.  
For that, the good predicted values were for the later irrigations than the 
first one, due to the good relationship between the predicted and 
measured infiltration depths obtained from SIRMOD model which has 
high accuracy degree for furrow irrigation management decisions. 
Generally, predicted advance, recession times and infiltrated depth were 
highly correlating with measured one at 0.2% field slope more than 0.5% 
field slope for the two irrigations. 
Keywords: SIRMOD model – Furrow irrigation – Soybean – Clay loam sol 
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** Water Relations & Field Irr. Dept. National Research Centre, Cairo, Egypt. 
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INTRODUCTION 
urface irrigation methods within Egypt are currently responsible 
for greater than 85% of the total irrigated areas and hence make up 
the dominant method of irrigating both crops and trees. Although 

well designed and managed furrow-irrigated systems have the potential to 
operate at application efficiencies above 90% (Faulkner et al. 1998), 
many furrow systems operate at significantly lower efficiencies. One of 
the major constraints to the improvement of furrow irrigation performance 
has been the difficultly in assessing the many variables associated with 
furrow irrigation systems and their interactions, and to utilize these in 
irrigation management. One potential for improving the efficiency and 
performance of furrow irrigation systems lies in the use of simulation 
models to simulate and predict furrow irrigation performance and assess 
changes in management variables, which can lead to improvements in 
irrigation efficiency. A number of such models have been developed 
which aim to simulate surface irrigation systems. A few of these models 
have also been developed into user-friendly computer programs with the 
ultimate aim of being used by irrigation practitioners as a management 
tool such as SIRMOD model (Walker, 1998). 
The SIRMOD model (Walker, 1998) simulates the hydraulics of surface 
irrigation (border, basin and furrow) at the field level. The simulation 
routine used in SIRMOD is based on the numerical solution of the Saint-
Venant equations for conservation of mass and momentum as described 
by Walker and Skogerboe (1987). 
Inputs required for the model to simulate an irrigation event include the 
infiltration characteristic, hydraulic resistance (Manning’s n), furrow 
geometry, furrow slope, furrow length, inflow rate and advance cut-off 
time. Of these required inputs, the most difficult to determine adequately 
are the infiltration characteristics and the furrow inflows which often 
require either relatively expensive equipment or significant periods of 
time and skilled operators. These inputs have also been found to be the 
most sensitive in the SIRMOD model (McClymont et al. 1996). It should 
also be noted that a number of assumptions made in the SIRMOD model 
were not always present in the field investigations. These included a step 
inflow rate to the furrow, which was rarely found in the field data to due 
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variations in the hydraulic head at the outlets over the irrigation periods. 
Infiltration characteristics of a furrow are represented in the SIRMOD 
model with the Kostiakov-Lewis infiltration equation, which is given by: 
 

Z = k ta + f0 t 
 

where Z is cumulative infiltration (m3/m furrow); t is the time (min) that 
water is available for infiltration; a, k are fitted parameters; and f0 
(m3/min/m furrow) is the steady or final infiltration rate (Walker and 
Skogerboe, 1987).  
Infiltration characteristics can be determined from the furrow advance rate 
as described by McClymont and Smith (1996). The remaining input 
parameters, furrow geometry, furrow slope and furrow length can be 
easily measured and the Manning’s n coefficient is generally used as a 
‘calibrating’ parameter. The output from the model includes the advance 
and recession characteristics, ultimate distribution of infiltrated water and 
parameters related to water application, storage, efficiencies and runoff 
hydrographs. 
Many surface irrigation systems are designed and/or managed in such a 
manner that irrigation efficiency is low. Some of the problems associated 
with furrow irrigation methods are: 1) loss of water by runoff and deep 
percolation, 2) low uniformity of water application, and 3) high labor and 
management requirements (Rogers, 1995). 
The distribution uniformity of an irrigation system depends on both the 
system characteristics and on managerial decisions (Pereira, 1999). The 
distribution uniformity of different types of irrigation will be influenced 
by different factors that are characteristic of the particular system. Surface 
irrigation is influenced primarily by soil intake characteristics. 
Distribution uniformity (DU) is usually defined as a ratio of the smallest 
accumulated depths in the distribution to the average depths of the whole 
distribution. The largest depths could also be used to express DU, but 
since the low values in irrigation are more critical, the smallest values are 
used (Burt et al., 1997). The average of the smallest depths in the field 
over the portion of the field. This term is used in the numerator of the DU 
calculation. A commonly used fraction is the lower quarter, which has 
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been used by the United States Department of Agriculture (USDA, 1997) 
since the 1940s. This definition has proven useful in irrigated agriculture 
(ASCE, 1978) and leads to the definition of the average low-quarter 
depth, dlq. Thus, the average accumulated depth in the quarter of the field 
receiving the smallest depths is given by (Burt et al., 1997): 

 
 
 
 
Where: 
davg is the total volume accumulated in all elements [m3] divided by the 
total area of all the elements [m2]. 
The area of an element depends on the crop being irrigated. In row crops, 
such as soybean, the elemental area will be the entire field as there is a 
crop at every point in the field. These definitions allow the elements to be 
of different sizes by using area weighting (Burt et al., 1997). 

MATERIALS AND METHODS 
To validate the model, observed data was undertaken at the Experimental 
Farm of the Faculty of Agriculture, Ain Shams University, Kalubia 
Governorate to represent the old alluvial soil of the Nile Delta. Furrow 
(with gated pipes) irrigated soybean was selected along two summer 
growing seasons 2007 and 2008. The furrows were 15 cm depth and 70 
cm spacing and leveled using laser technique.   

- Soil and irrigation water analysis: 
Soil and irrigation water analysis were conducted according to standard 
procedures and represented in Table (1, 2 and 3). 
Two slopes were selected 0.2% and 0.5%. The experimental area was 
divided into two plots (100 m x 11 m) with 2.6 m free between plots. 
Each plot divided into three subplots (100 m x 2.8 m, 75 m x 2.8 m, and 
50 m x 2.8 m) with 1 m spacing between subplots. Soybean was planted 
in 1st June, and harvested at 5th October, 2007 and 2008 growing seasons. 
The plants were 20 cm apart in each row, double side cultivation. The 
inflow to every furrow was 2 l/s. the total volume of irrigated water per 
season was 3200 m3/season at the two seasons (2007 – 2008), the same 
amount of  irrigation water was applied. The cutoff time differed from 

                   Average low quarter depth (dlq) 
DUlq = 

Average depth of water accumulated in all elements (davg) 
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treatment to another depending on furrow length. The plants putted in the 
crest of the furrow, for that the Manning values were 0.04 for the 1st 
irrigation and 0.03 for the later irrigations. 
Table (1): Some physical properties of Shalaqan site. 

F.C.= field capacity (%); PW.P.=permanent welting point (%), F.C. and PWP were 
determined as percentage in weight; B.D.= bulk density(g/cm3); WHC= available water 
holding capacity(mm/m); C.L.= clay loam. 
Table(2 ) : Some chemical properties of Shalaqan site. 

Table (3): Some chemical data of irrigation water at Shalaqan site. 

- Model validation: 
Three different furrow lengths 50, 70 and 100 m and two slopes 0.2 and 
0.5 % were selected to validate the SIRMOD. Furrow geometry was 
measured (as an average of 30 cross sections of furrows, Table  (4)) 
manually by a locally manufactured furrow profile meter Fig. 2. and data. 
Advance and recession times can be taken manually using markers at 
known distances (25 m). 

Particle Size Distribution, % 
Sample 

depth, cm C. 

Sand 
F. 

Sand Silt Clay 

F.C. 

% 

W.P. 

% 

B.D. 

g/cm3 
Texture 

class 

0-30 3.2 36 19.1 41.7 28 18 1.30 C.L 

30-60 3.1 33.2 20.5 43.2 31 20 1.44 C.L 

60-100 4.8 28.9 26.1 40.2 29 16 1.46 C.L 

Soluble Cations, meq/L Soluble Anions, meq/L Sample 
depth, 

cm 
pH  

Ec 
dS/
m Ca++ Mg++ Na+ K+ CO3

-- HCO3
- SO4

-- CL- 

0-30 8.1 5.7 22.2 9.4 2.4 1.6 - 1 25.7 9.9 

30-60 8.2 2.4 9.8 8.5 2.1 3.5 - 1.3 16.4 6.2 

60-100 8.4 2.1 8.7 5.2 1.7 2.5 0.8 1.5 11.3 4.5 

Soluble Cations, meq/L Soluble Anions, meq/L 
pH EC 

dS/m Ca++ Mg++ Na+ K+ HCO3
- SO4

-- CL-- 

SAR 

 

7.9 0.55 1.63 0.77 4.55 1.2 2.8 0.09 5.26 4.11 
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Table (4): Unit width flow cross section of furrows. 
Parameter  Measured value, m 
Top width 0.543 
Middle width 0.395 
Bottom width 0.121 
Maximum depth 0.145 

 

Fig. 1. Locally manufactured furrow profile meter 

30
cm

  

80 cm 
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- SIRMOD model screens: 
1- Data input: 
Data input to the SIRMOD software involves two activities: (1) defining 
the characteristics of the surface irrigation system under study; and (2) 
defining the model operational control parameters. 
A data entry screen is inserted on the main screen with three user-
selectable tabs: (1) Field Geometry & Topography; (2) Infiltration 
Functions; and (3) Flow Cross-Section. Fig. 2. shows the field 
characteristic data entry form opened to the Field Geometry/Topography 
page. The geometry and topography of the surface irrigated field is 
described by the following parameters: Manning roughness, n, for the 
first irrigations; Manning roughness, n, for later irrigations; Field length; 
Field width; Unit spacing for borders and basins, or furrow spacing; Field 
cross-slope; Three slope values in the direction of flow; and Two distance 
parameters associated with the three slopes. 
The SIRMOD software is capable of simulating fields with a compound 
slope as shown in Fig. 2. Three slopes are located in the field by two 
distance values as shown. When the field has only one slope, the same 
value needs to be entered for all three slopes and both distance values 
should be set to the field length. 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
2-Type of Simulation Model 
The SIRMOD software includes three modeling choices: (1) kinematic-
wave model; (2) zero-inertia model; and (3) hydrodynamic model. The 
default is the hydrodynamic model. The user may choose a particular 
model for simulation by clicking their associated check boxes (Fig. 3.). 

 
Fig. 2. Field Characteristics Input Screen 
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3- Infiltration Functions 
The tabbed notebook where infiltration functions are defined is shown in 
Fig. 4. This is the most critical component of the SIRMOD software. Four 
individual infiltration functions are required: (1) a function for first 
conditions under continuous flow; (2) a function for later irrigations under 
continuous flow; (3) a function for first irrigations under surge flow; and 
(4) a function for later irrigations under surge flow. Each infiltration 
function requires four parameters, k, a, fo, and C. Immediately below the 
four infiltration coefficients for the various surface irrigation regimes are 
four buttons labeled “Table Values”. These buttons access four default 
infiltration data sets as illustrated in Fig. 5. These can be selected by 
clicking on their radio buttons. 
 
 
 
 
 
 
 
 
 
  

 
Fig. 3. Inflow controls input 
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Fig. 4. The Infiltration Input Screen 

 
Fig. 5. Default Table Values of Infiltration Coefficients 
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4- Simulation: 
Once the input and control data have been entered, the simulation can be 
executed by clicking on the button. The simulation screen will appear and 
the run-time plot of the advance and recession profiles will be shown as 
illustrated in Fig. 6. 
There are three important regions in the simulation screen. The first 
occupies the upper one-half of the screen and plots the surface and 
subsurface movements of water as the advance and recession trajectories 
are computed. The target or required depth of application is plotted as Zreq 

so that when an infiltrated depth exceeds this value the user can see the 
loss of irrigation water to deep percolation (The subsurface profile color 
changes as the depth exceeds Zreq).  In the lower right side of the screen a 
summary of the simulated irrigation event will be published after the 
completion of recession. The bottom four edit windows give a mass 
balance of the simulation, including an error term describing the 
computed differences between inflow, infiltration, and runoff. As a rule 
an error less than 5% is acceptable – most simulations will have errors of 
about 1%. In the lower left side of the screen, a runoff hydrograph will be 
plotted.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Simulation Screen 
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5- Plotted Output 
Clicking on the Plotted Results option under the Results menu reveals 
the plotting screen shown in Fig. 7. Three sets of data (Advance, Runoff, 
and End depth) can be plotted by checking the appropriate box in the 
output screen shown above.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RESULTS OF MODEL VALIDATION AND DISCUSSION 
 

The advance, recession times and infiltrated depth of the selected 
treatment (4 furrow each) were measured. The infiltrated depth was 
measured by determining the opportunity time (Advance  time – recession  
time). 

The input data to the model program are, furrow length, and 
slope, Manning values were 0.04 for the 1st irrigation and 0.03 for the 
later irrigation, as well as the furrow geometry and the cutoff time, to 
simulate the hydraulics of surface irrigation under the actual experiment 
treatments.  Figs. 8, 9, 10, 11, 12 and 13 show the relationship between 
the measured advance, recession times, and infiltrated depth, and those 
predicted by the SIRMOD model.  
 

 
Fig. 7. Graphical Output Screen 
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                                                     R2 = 0.93 
Y= -0.4866 + 7.771 X – 36.91 X2 + 57.522 X3 

Y= -0.7233 + 15.487 X – 100.355 X2 + 212.045 X3  
R2 = 0.71 

Fig. 8. Relationship between observed and simulated advance (a), recession (b), 
and  infiltrated depth (c) under 0.2% field slope and 100 m furrow length. 
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 Fig. 9. Relationship between observed and simulated advance (a), recession (b), and  
infiltrated depth (c)  under 0.2% field slope and 75 m furrow length. 
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The regression analysis (illustrated in Fig. 8,9 and 10) shows a high 
correlation (0.95 ≤ R2 ≥ 0.81) for all relationships between measured and 
predicted advance and recession times, and infiltrated depth for the three 
experimental furrow lengths under 0.2 % experimental slope at the first 
and the third irrigations, indicating that The SIRMOD model provided 
good predictions of advance and recession times and infiltrated depth at 
the experimental site conditions for surface irrigation practice, except for 
infiltrated depth for 100 m furrow length under 0.2 % furrow slope at the 
first irrigation. The strong correlation of  advance time was 0.95 for 0.2% 
field slope and 50 m furrow length at the two irrigations. 
 
 
 
 

Fig. 10. Relationship between observed and simulated advance (a), 
recession (b), and  infiltrated depth (c) under 0.2% field slope 
and 50 m furrow length.
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The regression analysis (illustrated in Fig. 11, 12 and 13 ) shows a high 
correlation (R2 ≥ 0.89) for all relationships between measured and 
predicted advance and recession times, and infiltrated depth for the three 
experimental furrow lengths under the two experimental slopes at the first 
and the third irrigations, indicating that The SIRMOD model provided 
good predictions of advance and recession times, and infiltrated depth at 
the experimental site conditions for surface irrigation practice. 
The relationship between the measured and predicted recession time has 
the same trend, but the highly correlating was for 75 m furrow length 
under the 0.5% field slope at the two irrigations, and the lower value of 
correlation was 0.89 for 50 m furrow length under 0.5% field slope but it 
acceptable for users to simulate or predict the recession time.  

Fig. 13. Relationship between observed and simulated advance(a), 
recession (b), and  infiltrated depth (c) under 0.5% field slope 
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Regression analysis of infiltrated depth show a strong correlation, except 
the correlation value (0.71) for 100 m furrow length under 0.2% field 
slope at the first irrigation.  

 
In general, results show that the SIRMOD model adequately describes 
advance and recession times and infiltrated depth under experimental site 
conditions for the furrow irrigation practice. In particular, for the 
experimental site the SIRMOD model provided acceptable predictions for 
75 m and 50 m furrow lengths under 0.2% field slope, and for 100 m,     
75 m and 50 m furrow lengths under 0.5% field slope at the 1st irrigation.  
For that, the good predicted values were for the later irrigations than the 
first one, due to the good relationship between the predicted and measured 
infiltration depths obtained from SIRMOD model which has high 
accuracy degree for furrow irrigation management decisions. Generally, 
predicted advance, recession times and infiltrated depth were highly 
correlating with measured one at 0.2% field slope more than 0.5% field 
slope for the two irrigations. These results are in the same concern with 
those obtained from Hornbuckle and Christan (2005). 
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Fig. 14. Measured and predicted distribution uniformity (DU). 
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Fig. 14. shows a comparison between the actual distribution uniformity 
(DU) under the experimental treatments and the predicted by the 
SIRMOD model. It can be seen that the lowest differences between the 
predicted and the measured distribution uniformities were by irrigating 
soybean plants under the shortest experimental furrow lengths ( 50 m and 
75 m).  
 
Data obtained in Table (5) indicated that the highest soybean yield (2.29, 
1.76) ton/fed. were gained by irrigating plants under 75 m furrow length 
at 0.2% and 0.5% field slopes. The same trend of water use efficiency 
(WUE) was indicated, whereas the maximum value (0.71) was mentioned 
by 75 m furrow length and 0.2% field slope. From Fig. 14. and Table (5), 
it can be concluded that there is a relationship between distribution 
uniformity, and soybean yield. For that, simulation or prediction of 
hydraulic characteristics of surface irrigation will be better practical 
decisions for irrigation management (which furrow length and field slope 
can be used ? ). 

Table 5. The effect of the field slope and  furrow length on soybean 
yield (ton/fed.) and WUE (kg/m3). 

Field slope, % 
Furrow length, 

m 
Seed yield 

ton/fed 
Water use 

efficiency, kg/m3 

50 1.18 0.37 
75 2.29 0.71 0.2 
100 1.58 0.49 
50 1.26 0.39 
75 1.79 0.56 0.5 
100 1.87 0.56 

CONCLUSION 
The SIRMOD model adequately describes advance and recession times 
and infiltrated depth under experimental site conditions for the furrow 
irrigation practice. In particular, for the experimental site the SIRMOD 
model provided acceptable predictions for 75 m and 50 m furrow lengths 
under 0.2% field slope, and for 100 m, 75 m and 50 m furrow lengths 
under 0.5% field slope at the 1st irrigation.  For that, the good predicted 
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values were for the later irrigations than the first one, due to the good 
relationship between the predicted and measured infiltration depths 
obtained from SIRMOD model which has high accuracy degree for 
furrow irrigation management decisions. Generally, predicted advance, 
recession times and infiltrated depth were highly correlating with 
measured one at 0.2% field slope more than 0.5% field slope for the two 
irrigations. 
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  الملخص العربي

 تحت SIRMODالتحقق من صلاحية استخدام برنامج محاآاة الري السطحي 
   طميية في مصر-ظروف التربة الطينية

  4، عبد الغني محمد الجندي3، محمد مرسي حسين2، خالد طاهر الباجوري1هاني محمد مهنا

ي المѧستخدمة   مѧن ميѧاه الѧر     % 85 – 80يستهلك نظام الري السطحي، في الوقѧت الѧراهن، حѧوالي            
تعѧد آفѧاءات اسѧتخدام    . في مصر، حيث أن هذا النظام هو الأآثѧر انتѧشارا آممارسѧة ري فѧي العѧالم        

مياه الري لهذا النظام منخفضة لذلك وفѧي الѧسنوات الأخيѧرة تѧم نمذجѧة العديѧد مѧن بѧرامج المحاآѧاة           
 مѧن  SIRMODيعѧد نمѧوذج المحاآѧاة المѧسمي     . للѧري الѧسطحي لتقيѧيم أداءه تحѧت ظѧروف الحقѧل      

. أآثѧѧر هѧѧذه البѧѧرامج اسѧѧتخداما والѧѧذي وضѧѧعته ونفذتѧѧه جامعѧѧة يوتѧѧا بالولايѧѧات المتحѧѧدة الامريكيѧѧة       
يستخدم هذا النموذج علي نطاق واسع عالميا وخاصة من جانب الباحثين، حيث أعطي نتѧائج جيѧدة    

لتحѧسين  يعد استخدام النموذج أداه . لمحاآاة الري السطحي تحاآي تلك المتحصل عليها في الطبيعة    
  . آفاءة الري السطحى وقد قدم مساعدة ملموسة في ذلك

.  طميية في مѧصر -تهدف هذه الدراسة للتحقق من ملائمة هذا النموذج تحت ظروف التربة الطينية      
 والتنبؤ بكلا من زمنѧي التقѧدم         الري بالخطوط  بشكل عام بينت النتائج أن النموذج أداة جيدة لمحاآاة        

ه المترشح بالتربѧة وأخيѧرا انتظاميѧة توزيѧع الميѧاه تحѧت ظѧروف الѧري         والانحسار وآذلك عمق ميا 
يعطѧѧي البرنѧѧامج تنبѧأ لزمنѧѧي التقѧѧدم والانحѧѧسار  .  طمييѧة فѧѧي دلتѧѧا مѧصر  –بѧالخطوط للتربѧѧة الطينيѧѧة  

وآذلك عمق المياه المترشح ذو علاقة ارتباط قوية مع تلك البيانات المقاسة فѧي الحقѧل أثنѧاء عمليѧة          
حيث يعطي البرنامج تنبأ مقبول تحت ظѧروف حقѧل          .  محصول فول الصويا   الري خلال موسم نمو   

 50 و75 متѧѧر و100 خطѧѧوط لأطѧѧوالميѧѧل خطѧѧوط، و% 0.2 تحѧѧت  متѧѧر50 متѧѧر أو 75ذو طѧѧول 
بصفة عامة، آانѧت البيانѧات المتنبѧأ بهѧا مѧن خѧلال البرنѧامج           %. 0.5ميل خطوط مقداره    تحت  متر  

ميل خطوط عنه تحت ظروف  % 0.2قل تحت ظروف    ذات علاقة ارتباط قوية مع المقاسة في الح       
 التѧي تلѧي   قاسѧة قѧوي للريѧات    آذلك آان الارتباط بѧين البيانѧات المتنبѧأ بهѧا والم           . ميل خطوط % 0.5
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