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ABSTRACT 
 
Hydrological information on water availability and demand is vital for sound water 
allocation decisions, particularly in times of water scarcity. However, water allocation 
decisions in the operational and planning phase are normally taken based on 
incomplete or uncertain hydrological information on the current situation, which may 
lead to socio-economic losses. A hydrological information availability index was 
developed for operational and planning phases for irrigation districts. This index 
includes scores for temporal, spatial resolution and period of record. This index was 
applied in three irrigation districts in Australia, Colombia and Costa Rica to assess the 
availability of hydrological information and the potential value of information for water 
allocation decisions. Contingency tables were generated for water allocation 
decisions in water scarce and water abundant situations. The highest index was 
found for the irrigation district in Australia. Irrigation districts in Costa Rica and 
Colombia show medium to low information availability. Using the results of the 
contingency tables, a link was established between low information availability and 
sub-optimal water allocation decisions. It was determined that the districts in Costa 
Rica and Colombia have a higher potential value of information compared to the 
district in Australia. Additional hydrological information based on ground 
measurements, remote sensing, hydrological and global models can enhance water 
allocation decisions and reduce socio-economic losses. 
 
Keywords: Hydrological information, water allocation decisions, irrigation districts. 
 

1. INTRODUCTION 
 
Irrigated agriculture accounts for nearly 70% of the world´s total freshwater 
withdrawals (FAO 2011) and over the years has significantly altered hydrological 
conditions in streams (Restrepo and Kettner 2012; Kirby et al., 2014; Al-Faraj and 
Scholz 2014; Jiang et al., 2015). Even though management strategies have been 
developed to overcome water limitations and provide water supply reliability and 
stability in agricultural production, droughts have led to high impacts on production 
and livelihoods(Richter 2014; Connor et al., 2014).As such, given the pressing water 
scarcity issue in agricultural development (Rijsberman 2006; de Fraiture and 
Wichelns 2010), it is crucial to take informed water allocation decisions, especially in 
irrigation districts with high water consumption. 
 
High water consumption irrigation districts are normally surface canal systems 
operated by a water user association, or a private or government water management 
agency. A diversity of users in these districts relies on the water supply system to 
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satisfy water demand for agricultural production and guarantee economic welfare and 
food security (Malano and Hofwegen 1999).Water allocation decisions in the long 
term operational and planning phase include determining the viability of developing 
new irrigation districts, increasing the size of existing districts which may entail the 
construction of canals and hydraulic structures for supplying additional demand (FAO 
2007). In the medium to short term operational phase, opening and closing control 
gates, and supplying the required water demand to established hydraulic sectors and 
tertiary units are the focus of the daily decision process (FAO 2007). Available data 
and information is used for water allocation decisions. Water policies, regulations and 
guidelines(MI 2013; MINAGRICULTURA and INAT 1997) govern the decisions that 
are to be made. 
 
As water becomes scarce, information become increasingly important for decision 
makers. However, in reality, water allocation decisions in the operational and planning 
phase are normally taken based on incomplete or uncertain hydrological information 
on the current situation (Svendsen 2005), leading to socio-economic impacts in the 
district. Not well-informed water allocation decisions in the district can generate 
agricultural production loss, and possible impact on livelihoods of the users of the 
system. Establishing the availability of hydrological information in irrigation districts 
can be of considerable value for assessing the current water allocation process and 
determining the potential of adding information. 
 
The aim of this study is to develop and evaluate a hydrological information availability 
index, for assessing the level of information for water allocation in irrigation districts. 
First, a brief overview of the selected irrigation districts is presented. The 
methodology includes the selection of hydrological information requirements for 
operational and planning phases and procedures to determine information availability. 
The results include hydrological information availability indexes for three irrigation 
districts and water allocation assessment. Finally, the potential value of this 
information was evaluated. 
 

2. METHODS 

 
2.1  Selection of irrigation districts 
 
For this study, three irrigation districts with high water consumption were selected: 
The Murrumbidgee irrigation district in Australia, the Coello irrigation district in 
Colombia, and the Arenal-Tempisque irrigation district in Costa Rica. These irrigation 
districts are large schemes (>250km²), operating with an open canal system with 
hydraulic structures and gates to regulate the water discharge. Gravity irrigation is 
common, mainly for rice production. 
 
Our purpose was not to compile a statistical analysis of the case studies, but to 
establish a systematic method to determine a hydrological information index for 
assessing the level of information for water allocation in irrigation districts. 
Specifically, we selected a relatively large irrigation district in each country, given that 
the impact of making suitable or unsuitable water allocation decisions can be higher. 
 
2.2 Establishing hydrological information requirements 
 
In this study, the hydrological information requirements were defined as the minimum 
ground measurements and data required for taking proper water allocation decisions 
in irrigation districts. Hydrological information requirements were established based 
on national water policies (MinAmbiente 2014; Australian government 2008), 
regulations and current operational and planning guidelines for irrigation (MI 2013; 
MINAGRICULTURA and INAT 1997).  
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In the selected irrigation districts, water allocation decisions include those for long 
term operational phase or planning (e.g. viability of adding irrigation areas) or for the 
short-medium term operational phase (e.g. opening and closing of control gates). 
Even though water availability, supply and irrigation demand is key information for 
water allocation decisions, the priority of each of the hydrological variables 
considered can change according to the decision phase. Variables such as 
precipitation, temperature, runoff, water storage (groundwater and surface water 
reservoirs), cropping patterns and soil characteristics (texture and effective depth) 
were established as information priority for long term operational phase and planning 
(Figure 1). These variables are required at a basin and district scale, to obtain the 
water availability in a potential or existing extraction site and the irrigation demand in 
a new or existing production area. For the short and medium term operational phases 
the required hydrological information was prioritized at control locations in the water 
supply system. It includes discharge information on the current water availability, 
supply and irrigation demand in the corresponding water extraction sites, intakes in 
canals (main, secondary, and tertiary canals), water user intakes, and irrigation 
demand in water user fields (Figure 1).  
 

 
Figure 1.Hydrological information requirements for operational and planning phases 

in irrigation districts. 
 
2.3 Developing the hydrological information availability index 
 
The hydrological information availability index was developed not to establish 
hydrological indices for characterization of environmental conditions or responses, as 
proposed and applied by several authors (Worrall et al., 2014; Abouali et al.,, 2016; 
Olden and Poff 2003), but to establish an indicator of the actual hydrological data 
availability in large irrigation districts and to set a baseline for valuing information. It is 
a novel approach trying to incorporate current available hydrological data into one 
information index. 
 
Available hydrological data was evaluated according to the availability of spatial, 
temporal resolution and period of record of each hydrologic variable established in 
Figure 1. For soil texture and depth, and crop patterns only spatial resolution was 
evaluated. A score with an ordinary scale between 5 and 1 (5=excellent availability; 
1=poor availability) was assigned independently for period of record, temporal 
resolution and spatial resolution availability, systematically ranged and ordered per 
operational and planning phase as shown in Table 1, Table 2 and Table 3. 
Recommendations for adequate ranges of temporal and spatial resolution, and period 
of record were taken from FAO and OMM (FAO 2007; OMM 1994).  
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Table 1. Long term operational and planning phase: Score method for data 
availability of period of record, temporal resolution and spatial resolution for 
hydrological variables i required in irrigation districts. 

 

Independent score 

itsa , 
it

a , 
isa  

Period of 

record, its
(years) 

Temporal 

resolution, it
(month) 

Spatial resolution, is  (km²/station) 

For P and T For Q 

5 (Excellent) 
its ≥30 it <1 is ≤30 is ≤400 

4 (Good) 20≤ its <30 it =1 30< is ≤65 400< is ≤600 

3 (Regular) 10≤ its <20 1< it < 12 65< is ≤125 600< is ≤800 

2 (Limited) 5≤ its <10 it =12 125< is ≤250 800< is ≤1000 

1 (Poor) its < 5 it >12 is >250 is >1000 

 
Table 2. Medium term operational phase: Score method for data availability of period 

of record, temporal resolution and spatial resolution for discharge 
information in established control locations in irrigation districts. 

 

Independent score 

itsa , 
it

a , 
isa  

Period of record, its

(years) 

Temporal resolution, 

it (day) 
Spatial resolution, is  

(%) 

5 (Excellent) its ≥30 it <1 is =100 

4 (Good) 20≤ its <30 it =1 80≤ is <100 

3 (Regular) 10≤ its <20 1< it < 1month 50≤ is <80 

2 (Limited) 5≤ its <10 it =1month 30≤ is <50 

1 (Poor) its < 5 it >1month is >30 

 
Table 3. Short term operational phase: Score method for data availability of temporal 

resolution and spatial resolution for discharge information in established 
control locations in irrigation districts. 

 

Independent score 

it
a , 

isa  
Temporal resolution, it (hour) Spatial resolution, is  (%) 

5 (Excellent) it <1 is =100 

4 (Good) it =1 80≤ is <100 

3 (Regular) 1< it <24 50≤ is <80 

2 (Limited) it =24 30≤ is <50 

1 (Poor) it >24 is >30 

 



2nd World Irrigation Forum (WIF2) 
6-8 November 2016, Chiang Mai, Thailand 

W.2.1.04 

 

 
5 

 

For the short term operational phase the period of record was not included as this is 
not relevant to the making of day to day decisions. In this phase, the temporal 
resolution was defined starting from one hour until 24 hours (Table 3). A coarser 
temporal resolution between one day and one month was established for the medium 
term operational phase (Table 2), and from one month until one year for long term 
operational and planning phase (Table 1). For these last two phases, information on 
the period of record were included, where 30 years of historic data was valuated as 
excellent information availability, due to its usefulness for hydrologic and climate 
change assessment (Table 1, Table 2).For short and medium term operational phase, 
the spatial resolution was established as the percentage of the total control locations 
in the district with available discharge information (Table 2, Table 3). On the other 
hand, for the long term operational and planning phase, the spatial resolution was 
considered as the station density with available hydrological information (Table 1). 
 
In addition, a weighting factor, w  was included for each hydrological variable, using 

an ordinary scale from 2 to 1 (2=higher priority, 1=lower priority). Precipitation, 
temperature, runoff, and discharge in extraction sites, main canals, water user intakes 
and irrigation demand in water user fields were established as higher priority 
variables. Soil texture and depth, crop patterns, storage, and discharge in secondary 
and tertiary canals were established as lower priority variables, because this 
information can be implicitly determined from higher priority variables. A hydrological 

information availability index, f was determined for each operational and planning 

phase in irrigation districts according to equation 1: 
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   (1) 

Where, f  is the hydrological information availability index; 
itsa is the assigned score 

of the available period of record (Table 1, Table 2); 
it

a is the assigned score of the 

available temporal resolution (Table 1, Table 2, Table 3); 
isa is the assigned score of 

the available spatial resolution (Table 1, Table 2, Table 3); iw  is the weighting factor 

of the hydrological variable i. n is the number of hydrological variables evaluated per 
phase. m is equal to 1, 2 or 3: m =3, for all the variables in the long term operational 

and medium term operational phase, excluding soil texture and depth, and crop 
patterns; m =2, for all the variables in the short term operational phase; m =1, for soil 

texture and depth, and crop patterns in the long term operational phase. 

 
2.4 Linking the hydrological information index with sub-optimal water 
allocation decisions 
 
The hydrological information index was proposed to determine the degree of 
availability of hydrological information for water allocation decisions in irrigation 
districts. To assess how well corresponding water allocation decisions are made, 
contingency tables were generated to evaluate water allocation decisions in water 
scarce and water abundant conditions in one year, establishing evidence of a link 
between hydrological information deficit and sub-optimal water allocation decisions. 
Sub-optimal water allocation decisions are defined as decisions that were made in the 
short and medium term operational phase, where the available water resource was 
not allocated properly according to the established irrigation demand at main canal 
level. 
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Yearly contingency tables were established for DRAT and Coello irrigation districts 
(Table 4), under the occurrence assumption of sub-optimal water allocation decisions. 
Available ground data, period of record of discharge in extraction sites, water supply 
in the main canals, and irrigation demand were used. A percentage of time per year 
was determined,

1,2d where water was available to satisfy irrigation demand, but the 

resource was not supplied accordingly, generating water deficit in the main supply 
system (Table 4). If 

1,2d is relatively high, we expect a low hydrological information 

index. 
 
Table 4. Contingency table: Decision framework for water allocation at main canal 

level (For a selected year, 
yxd ,
is the percentage of time per year with the 

established outcome of state x and action y). 
 

 

Action 1: 

Generating water shortage 

due to decision 

  0 DS  

Action 2: 

Generating no water shortage 

due to decision 

  0 DS  

State 1: Water scarcity  

  0DQ  1,1d  (optimal decisions) Nooutcome 

State 2: No water scarcity 

  0DQ  
1,2d  (sub-optimal decisions) 

2,2d  (optimal decisions) 

 
In the short-medium operational phase in DRAT irrigation district, decisions of 
opening or closing the main gates of the South and West Canal have to be taken 
daily in one extraction site. Information of daily water availability in the extraction site (

Q ), daily supply in the main canals ( sS and wS ), and monthly irrigation demand for 

each main canal sector ( sD and wD ) are available and were used to establish the 

contingency tables. In the short-medium operational phase in Coello irrigation district, 

normally the main gates remain open to extract the available water resource cQ  and 

gQ  from Cucuana and Coello river. Even though sufficient water supply 

measurements are available in the main canals ( cS and gS ), information of water 

availability in the two extraction sites in Cucuana and Coello river is poor. 

Assumptions of water availability ( cQ and gQ ) and irrigation demand ( D ) had to be 

taken in order to generate contingency tables. 
 

3. RESULTS 

 
3.1  Information availability of hydrological variables for long term operational 
and planning phase 
 
An average score per hydrological variable (precipitation, temperature, runoff, 
storage, soil texture and depth, and crop patterns) was determined according to 
temporal and spatial evaluation for long term operational and planning phase (Figure 
2). The irrigation districts of Coello and DRAT(Colombia and Costa Rica) have similar 
results. For these irrigation districts the average score obtained for the availability of 
precipitation data is 3.7 (Figure 2). This score accounts for an intermediate to good 
information availability of precipitation data including similar temporal, spatial and 
period of record availability. For temperature and runoff variables, intermediate 
information is available, with an average score close to 3 (Figure 2). Reasonable 
spatial information was found for crop patterns (scores between 4 and 5), but the soil 
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texture and depth information availability is limited (Figure 2). In these districts there 
is no significant use of stored water for satisfying irrigation demand, thus no value 
was assigned to the storage variable. In the DRAT district there is a storage reservoir 
in the river upstream of the district, but its operation priority is not for supplying 
irrigation demand.  
 
In contrast, the irrigation district in Australia has excellent information availability for 
all variables, including storage. Average scores for the established hydrological 
variables are above 4, including similar scores for temporal, spatial and period of 
record(Figure 2). 
 

 

Figure 2. Scores per hydrological variable for long term operational and planning 
phase in irrigation districts. 

 
3.2  Information availability of discharge in control points for short and 
medium term operational phase 
 
The availability of discharge information in control locations for short and medium 
term operational phase was determined. An average score for discharge information 
in water extraction sites, canals and water user's intakes, and irrigation demand in 
fields was obtained according to the temporal and spatial evaluation (Figure 3, Figure 
4). It was found that availability of information is similar for the Coello and DRAT 
systems, but differences were determined for specific control locations. The main 
difference is that the irrigation district in Costa Rica has information available of the 
discharge in the water extraction site. According to the evaluation of this information 
in DRAT for the medium term operational phase, the period of record is limited (2), 
which reduces the average score to 3.7, although the spatial resolution is good and 
the temporal resolution is excellent (Figure 3). The evaluation of the same information 
for short term operational phase shows good spatial and temporal resolution, which 
results in an average score of 4.0 (Figure 4).  
 
Both irrigation districts have reasonable temporal and spatial discharge information in 
the main canal intakes, but the Colombian irrigation district has a longer period of 
record, with over 30 years of monthly data available. Therefore, the average 
information availability score for the Colombian irrigation district is higher in the main 
canal intakes (5). Besides, discharge information in the secondary canal intakes is 
also better, due to a longer period of record. Both irrigation districts show poor 
discharge information availability in tertiary canal and water user's intakes. In 
addition, spatial and temporal resolution of hydrological variables is not adequate to 
determine reliable irrigation demand at field level. Hence, both irrigation districts have 
limited information availability for estimating the irrigation demand. Moreover, the 
information availability for the short term operational phase is poor, based on the 
results obtained in the secondary, tertiary and water user´s intakes (Figure 4). We 
found better information availability in the main canal intakes (scores 4 to 5), but this 
is not enough in order to implement a real time operational system. 



2nd World Irrigation Forum (WIF2) 
6-8 November 2016, Chiang Mai, Thailand 

W.2.1.04 

 

 
8 

 

 
In contrast, the irrigation district in Australia has a better availability of information. It 
was found that information availability scores range between intermediate (3) to 
excellent (5). Required discharge (irrigation demand) from user´s fields are estimated 
through hydrological measurements and soil-water-plant models. The irrigation district 
implements this system for priority fields, but still can improve the coverage. The 
current availability score for water demand in user fields is intermediate (3). 
 

 
Figure 3. Score of discharge information per control location, for medium term 

operational phase in irrigation districts. 

 

 
Figure 4. Score of discharge information per control location, for short term 

operational phase in irrigation districts. 

 
Establishing the availability of hydrological information for different temporal and 
spatial scales is crucial to identify limitations in the water supply system and potential 
improvements in water allocation decisions. The presented results are the inputs to 
estimate the hydrological information availability index for operational and planning 
phases and set a benchmark between selected irrigation districts. 
 
3.3  Hydrological information availability index 
 
The highest hydrological information availability index, f was obtained for the irrigation 
district in Australia with scores between 4 and 5 for operational and planning phases 
(Table5). Currently, this district has a high technological monitoring system for 
obtaining and storing hydrological information.  
 
The index for districts in Colombia and Costa Rica is determined to have a poor (1) to 
intermediate (3) information availability for all phases (Table5). Coello compared to 
DRAT, has less hydrological information for the short-medium operational phase, but 
has similar information for long term operational and planning phase. Data and 
information scarcity was found in required variables for short and medium term 
operation with index values of 1.4 and 1.5, respectively for Coello and 2.2 and 2.0, 
respectively for DRAT (Table5). For these phases, measurements in secondary, 
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tertiary and field intakes have to be improved both spatially and temporally. For the 
planning phase, the index results are relatively better (3.0 for Coello and 3.2 for 
DRAT), due to the availability of key variables, such as precipitation. Even though the 
score for precipitation availability is intermediate to good (3.7), currently in DRAT, a 
limited amount of precipitation stations are used, thus irrigation demand estimates 
can be misleading at field scale, affecting both planning and operational water 
allocation decisions. Efforts should be done to improve spatial resolution of 
precipitation, but also to enhance the use of precipitation data to estimate irrigation 
demand. 
 
Table5. Hydrological information availability index in irrigation districts(5=excellent, 

4=good, 3=regular, 2=limited, 1=poor). 
 

Hydrological information 

availability index,  f  

Irrigation districts 

Coello  

(Colombia) 

DRAT 

(Costa Rica) 

Murrumbidgee 

(Australia) 

sof short term operation 1.4 2.2 4.4 

mof medium term operation 1.5 2.0 4.3 

lopf long term operation and 

planning 
3.0 3.2 4.9 

 
3.4 Link between information index and water allocation decisions 
 
We found that validating the developed index can be relatively straightforward using 
historical measurements of water availability, the supply in main canals and the 
irrigation demand, and the current decision process at main canal level.  
 
In the short-medium operational phase in DRAT irrigation district, decisions of 

opening or closing the main gates of the South and West Canal are 
taken on a daily basis. For the years of 2012, 2013 and 2014, we 
applied the contingency table to determine the percentage of time on 
which sufficient water was available to satisfy irrigation demand, but 
the resource was not supplied in the main canals, thus generating 
water shortage. This is considered a sub-optimal decision. The results 
show ( 

Table 6)that such sub-optimal water allocation decisions were taken between 45% 
and 50% in the selected years. Optimal water allocation decisions were only taken 
between 7% and 17% of the time, while true water scarcity conditions occurred 
between 38% and 43% of the time. Sub-optimal decisions in 2012 were lower than in 
2014. The year 2012 was a wet year (IMN 2012), and 2014 was a dry year (IMN 
2014), thus the variation in decisions was expected. These results would suggest that 
in the DRAT irrigation district half of the time water allocation decisions are currently 
not being taken appropriately. 
 
In the Coello district, we applied the contingency table for the years 2009, 2010 and 
2011 in order to determine the percentage of time in which water was available to 
satisfy irrigation demand, but the resource was not supplied accordingly in the main 
canals generating water shortage. The results show (Table 7)that these sub-optimal 
water allocation decisions were taken between 17% and 25%in the selected years. 
Optimal water allocation decisions were taken between 58% and 75% and water 
scarcity conditions occurred between 8% and 17% of the time. It was found that sub-
optimal decisions in 2010 were higher than in 2012. The year 2010 was a dry year 
(IMN 2010), and 2012 was a wet year (IMN 2012), thus the variation in decisions was 
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expected. According to these results, currently in Coello irrigation district a quarter of 
the time water allocation decisions are not being taken appropriately. 
 
Table 6. Contingency table results for DRAT irrigation district (for year 2012, 2013 

and 2014) 
 

 

Action 1: 

Generating water shortage 
due to decision 

  0 ss DS 

  0 ww DS  

Action 2: 

Generating no water shortage 
due to decision 

  0 ss DS 

  0 ww DS  

State 1: Water scarcity 

  0 ws DDQ  

38% (2012) 

39% (2013) 

43% (2014) 

- 

- 

- 

State 2: No water scarcity 

  0 ws DDQ  

45% (2012) 

50% (2013) 

50% (2014) 

17% (2012) 

10% (2013) 

7% (2014) 

 
 
Table 7. Contingency table results for Coello irrigation district (for year 2010, 2011 

and 2012) 
 

 

Action 1: 

Generating water 
shortage due to decision 

  0 DSS gc
 

Action 2: 

Generating no water shortage 
due to decision 

  0 DSS gc
 

State 1: Water scarcity  

  0 DQQ cg  

 

17% (2010) 

0% (2011) 

8% (2012) 

- 

- 

- 

State 2: No water scarcity 

  0 DQQ cg  

 

25% (2010) 

25% (2011) 

17% (2012) 

58% (2010) 

75% (2011) 

75% (2012) 

 
Contingency decisions results are currently being developed for the Murrumbidgee 
irrigation district. Runoff data is available online(Department of Primary Industries-
Office of Water 2016), but water supply in main canals and irrigation demand is not 
easily available. The assumption is that there is a low occurrence of sub-optimal 
water allocation decisions, due to a better information system. 
 
3.5  Potential value of hydrological information 
 
Qualitatively, it was determined that Coello and DRAT districts have a higher potential 
value of hydrological information (VOI) compared to Murrumbidgee district. VOI 
depends on the current available information in the system. The situation with 
relatively perfect information, like the Murrumbidgee district, will not have major 
changes in water allocation decisions with additional hydrological information, thus a 
significant reduction in agricultural production losses due to poor decisions is not 
expected (Figure 5). If the current availability of hydrological information is medium to 
low, such as in the Costa Rican and Colombian irrigation districts, a reduction of 
losses is possible, due to changes in decisions with additional information (Figure 5). 
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Figure 5. Potential value of information, VOI according to current hydrological 
information availability in irrigation districts (DRAT, COELLO, MI). 

 

4. CONCLUSIONS 

 
Following a novel framework, a hydrological information availability index was 
obtained for high water consumption irrigation districts. This index serves to 
assessthe level of information for water allocation in irrigation districtsin various 
stages of operation and planning. A link between low information indexes and sub-
optimal water allocation decisions was found applying a contingency method, 
comparing historical data of water availability, the water supply decision and the 
irrigation demand in a district. 
 
It was determined that the irrigation district in Australia has the highest hydrological 
information availability, while the selected irrigation districts in Costa Rica and 
Colombia have limited to low availabilityof information, considering that the 
information availability varies depending on the requirements for each operational 
phase. Better information availability for the long-term operational phase was found 
compared to the short and medium term operational phase, according to the temporal 
and spatial resolution set for priority hydrological variables. According to the 
contingency method, it was found that in the DRAT district and the Coello district sub-
optimal allocation decisions were made 50% and 25% of the time, respectively. This 
means that water was available, but it was not supplied in the main canals, despite 
having an established demand.  
 
In the irrigation districts Coello and DRAT additional hydrological information can be 
of value to improve decision-making in water allocation. This additional hydrological 
information can be incorporated from additional ground stations, remote sensing, 
hydrological models and global models. The potential economic value of this 
additional information in high water consumption irrigation districts can be determined 
quantitatively by evaluating the change in agricultural production with improved water 
allocation decisions. Research on the contribution of such additional data is currently 
being addressed as part of this ongoing investigation. 
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