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i

Executive Summary 

• Irrigation is by far the largest consumptive water use in New Zealand, and while consented 
volumes are known, no-one knows how much water is actually used for irrigation, because 
water use has not been widely and routinely measured. 

• There is no institutional knowledge in New Zealand on how to interpret water use data in the 
context of water resource management. NIWA wishes to gain experience of interpreting on-
farm water use data to see if it can lead to better water use and allocation decisions. 

• The recent installation of water meters in the Waimakariri Irrigation Scheme offered the 
opportunity for NIWA to explore water use data. 

• The report details of analysis of weekly water use data from September 2009 until April 2010 
from a number of predominantly large water users where irrigation and rainfall were 
compared to calculated evaporative losses and plant available water. 

• There is little evidence of excessive irrigation and it appears that most users should be 
applying more irrigation than was measured. 

• Detailed analysis showed that many farms appear to build up large soil moisture deficits and 
soil moisture levels were often less than optimum for pasture growth. 

• The low soil moisture levels were not primarily due to the lack of water availability from the 
scheme. 

• Irrigation up to November was limited due to sufficient rainfall to meet evaporative demand 
and was limited in March due to low flows in the Waimakariri River. 

• Soil moisture measurement driven irrigation scheduling may be a way to improve irrigation 
effectiveness. 
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1. Introduction and objective 

1.1. Introduction 

Irrigation is the single largest consumptive water use in New Zealand, accounting for 
77% of consented water use (Lincoln Environmental 2000) but no-one knows how 
much water is used for irrigation, because water use is not yet widely and routinely 
measured. Published assessments of water use are unreliable, because they often 
depend on the consented maximum amount of water that can be taken by each user, 
not the actual use. This lack of reliable information on water use has been a critical 
information gap in water resource management. 

The situation is changing rapidly, as a result of both the forthcoming National 
Environmental Standard for Water Metering, and the increasing pressure on New 
Zealand’s water resources. Extensive networks of water meters are being installed in 
several regions, and the data collected by these meters will be the underpinning 
information for the next great leap in New Zealand water resources management. 

There is no institutional knowledge in New Zealand on how to interpret water use data 
in the context of water resource management. This project is a step in developing that 
knowledge. There will be new demands for this expertise by water users, water 
managers, scientists, regional and central government. 

Merely summarising the raw water use data provides a very limited view, and this 
project has the objective of turning these data into information. For example, imagine 
that all water takes were measured for several years, and suppose that the total 
measured water use in Canterbury increased by 5% each year, for 3 years in a row. At 
present no conclusion could be drawn from these data alone. What is required is a data 
analysis methodology which takes account of the key factors that determine water use. 
The raw data need to be interpreted in the context of numerous other information 
sources including: (i) reliability of the meter; (ii) the use for the water (e.g. how many 
hectares of which crops were irrigated?), (iii) the supply of water (were river takes 
restricted, or reservoir or groundwater levels unusually low?); (iv) characteristics of 
both the on-farm water infrastructure and any community irrigation scheme involved; 
(v) actual and best practices for irrigation.  

Examples of end users who would benefit from this expertise include farmers and 
irrigation scheme operators who want to use the data to improve on-farm and scheme 
efficiency, Environment Canterbury who want to allocate water sustainably, ensure 
consents are complied with and interpret impacts of water use on water bodies, 
Ministry for the Environment who are responsible for state of the environment 
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reporting, and Statistics New Zealand who propose to report on water use in 2010-
2011 as part of the next National Water Accounts. 

1.2. Objective 

To enhance NIWA’s capability in irrigation management (and water resources 
management and environmental information) by developing a structured methodology 
for interpreting measurements of water use. 

The brief for the project comprises Appendix 1. 

1.3. Example of water use data 

The extent of water meters measuring irrigation in Canterbury was investigated for a 
previous project. We found there are few irrigation schemes in Canterbury that had 
systematic placement of on-farm water meters. It appeared that the Waimakariri 
Irrigation Limited (WIL) scheme on the North Bank of the Waimakariri River had the 
most comprehensive coverage of any scheme or area in Canterbury. The WIL Board 
and management were approached to see if they would agree to their shareholders 
participating in a survey to allow NIWA the use of the water meter data. They were 
pleased to agree to the survey, got behind the project and promoted it to their 
shareholders. NIWA is most grateful to the WIL Board for their positive 
encouragement of the survey. A pilot study was conducted during February and March 
2009 (Duncan et al. 2009). This report presented here is an analysis of water use by 
the survey participants over the entire 2009/10 irrigation season. 

2. The Waimakariri Irrigation Limited scheme 

2.1. Description of scheme 

The Waimakariri Irrigation Company scheme commands an area of 44,000 hectares in 
North Canterbury. The scheme is bounded by the Ashley River in the north and the 
Waimakariri River in the south and lies between Oxford in the west and Rangiora in 
the east. It serves 230 shareholders that irrigate 18,000 ha and the water is supplied by 
1400 km of channels (races) that also distribute stock water. 

2.2. Water source description and influence of water availability 

The water source for the Waimakariri Irrigation Scheme is the Waimakariri River. 
Water is taken at Brown’s Rock about 4 km downstream of the Waimakariri Gorge 
Bridge. It is a run of river scheme and many survey participants and shareholders 
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approached for the survey commented on the unreliable water supply. Some of the 
participants counter the unreliability by supplementing their irrigation water supply 
with existing groundwater consents, but in most cases there is less water available 
from that source than from the WIL scheme. Other participants have, or are 
considering, on-farm storage. On-farm storage allows shareholders to take their full 
allocation whether or not there is an immediate need, unless their storage is full, and to 
use the stored water when the full supply is unavailable.  

There appears to be two approaches to storage: the first is a small pond that enables 
the full allocation to be taken whenever it is rostered so that the allocation is not lost 
when irrigation temporarily stops, e.g., when irrigators are shifted: the second 
approach is to have a large pond with sufficient storage, for example, for 30 days of 
irrigation, so that irrigation can continue at design rates even though there is a partial 
or full restriction of water available from the scheme. 

Dairy farmers are also able to maintain production by supplementary feeding when 
reduced irrigation reduces pasture production. Many farmers in the WIL scheme use a 
mix of approaches for maintaining production in the face of the unreliable water 
supply from the Waimakariri River. 

2.3. Consent conditions 

The resource consents are detailed in Appendix 2. The main features are the combined 
take of 12.6 m3s-1 for both irrigation (10.5 m3s-1) and stock water (2.1 m3s-1). The full 
take can only be exercised when the flow in the Waimakariri River at the State 
Highway One recorder is more than 63 m3s-1 and abstraction for irrigation must cease 
when the flow is less than 41 m3s-1. During summer (October – April) 41 m3s-1 is 
exceeded ~95.5% of the time and 63 m3s-1 is exceeded 79% of the time (de Joux 
naturalised time series 1967 to 2007). 

Shareholders were initially allocated 0.45 l/s/ha (27.2 mm/week), but this has recently 
been increased to 0.525 l/s/ha (31.8 mm/week). Many study participants considered 
the initial allocation to be inadequate. One shareholder interviewed considered that he 
was only able to deliver 22 mm/week to the grass. On average 27 mm/week delivered 
to the soil should be sufficient to meet the atmospheric transpiration demand of 
pasture, but when the application efficiency of irrigation systems is taken into account 
31.8 mm/week may be inadequate. There will be periods of dry northwest winds when 
potential evapotranspiration will exceed 31.8 mm/week. 

A further constraint on irrigation efficiency that occurs when there is an unreliable 
water supply (as there is in this case) is the temptation to apply water to “top up” soil 
moisture, even when soil moisture levels are sufficient for optimum growth, when 
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there is a likelihood of partial or complete water restrictions because of impending low 
river flows. 

2.4. Description of the water meter 

The water meter chosen by Waimakariri Irrigation Limited was a “Controlotron Prosol 
PCS” ultrasonic flow meter. The ultrasonic methodology requires no moving parts and 
does not require any intrusion into the pipe. 

• Accuracy: The manufacturer quotes ± 1.0% of rate or better, with a sensitivity 
of 0.0003 ms-1. 

• The data logger has 1 megabyte of storage 

• Recording interval and duration: The flow meters are currently configured to 
provide daily total use for the previous 64 days, monthly totals for the 
previous 64 months and annual values for the last 5 years. Currently this data 
has to be downloaded manually by scrolling through the data and recording it 
manually. We understand there is a pulse output that could be recorded on an 
external logger to provide more frequent data for a longer period. e.g., hourly 
data for an irrigation season. 

2.4.1. Meter reliability 

Our experience with the data that we downloaded from 15 water meters did not give 
us a high degree of confidence in the data. This is because of the large number of 
negative values among the data, the recording of positive values when there was no 
pumping, and two water meters consistently recorded volumes that were impossibly 
large and were excluded from the analysis. Most of the meters recorded some negative 
values, with one to many negative values being recorded, with many of the negative 
values being small. There were some small positive numbers which we accepted at 
face value. Low values and hence low application rates throughout the season for one 
particular farmer were not consistent with the good pasture growth observed on the 
farm. Regardless of these issues the overall results suggest that most of the meters 
were recording sensible volumes when the negative values are interpreted as 
indicating no flow. While we have not checked we suspect that in some cases there is 
insufficient distance between bends in pipes and the meters to provide sufficiently 
smooth flow at the meters to give accurate readings. 
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3. Description of farms 

3.1. Participation 

For the pilot survey in February and March of 2009 all WIL shareholders were invited 
to take part via letters from the WIL Chairman and NIWA. The letters were followed 
up by phone calls to shareholders starting with the largest shareholders. We were 
unable to contact some corporate shareholders. The conditions for participation were 
that the irrigation supply was metered and that the shareholder or his representative 
was prepared to fill in a simple diary indicating the duration of irrigation and the type 
of crop irrigated. Some shareholders approached were unable to participate because 
they did not have water meters. As we approached those with smaller numbers of 
shares it became clear that many did not have water meters and we stopped phoning as 
it was assumed those with even smaller numbers of shares did not have water meters. 

Nineteen shareholders agreed to take part in the survey. Over one third of shareholders 
holding more than 1000 shares agreed to take part, but only 4% of those with less than 
1000 shares were part of the survey (Figure 1). So even though we sampled only 8.4% 
of the shareholders they accounted for 21% of shares. 
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Figure 1:  Distribution of shareholders in the survey by number of shares. The number 
above each bar indicates the proportion of survey participants in each share 
number range. 

For the survey reported here for the full 2009/10 irrigation season we used water meter 
data from the same participants as for the pilot study conducted the previous season. 
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3.2. Farm types 

The distribution of irrigation water within the scheme is ~50% to  dairy farms, and 
50% to non-dairy farms. The predominant type of farming for the survey participants 
was dairy farming, with only two farms with mixed sheep and cropping. Some 
cropping farmers considered the diary requirement to be too onerous, whereas for 
dairy farmers with centre pivot irrigators the diary requirement is easily fulfilled. For 
the dairy farms the whole of the effective farm area is usually irrigated. 

3.3. Irrigator types in survey 

Eight shareholders had one or more centre pivots as their primary irrigation system, 3 
shareholders operated big guns and 2 shareholders used roto-rainers. For those with 
centre pivots, lateral sprinklers or K-line systems were used where the centre pivots 
could not reach. Some had mixed systems. 

4. Climate conditions 

The rainfall and Penman potential evapotranspiration (PET) at each farm was assessed 
using NIWA’s virtual climate network (VCN) (Tait et al. 2006). Figure 2 is an 
example from the middle of the WIL area. The figure shows the need for irrigation 
because calculated weekly potential evapotranspiration exceeds weekly rainfall most 
of the time. Seven weeks had PET greater than the consented application rate of 31.8 
mm/week and 5 of these weeks were consecutive weeks. However, only for 3 of those 
weeks PET exceeded rainfall by more than 30 mm.  

The irrigation season (1 September 2009 to 30 April 2010) rainfall varied from 492 
mm in the west to 320 mm in the east, while PET varied from 824 to 845 mm (west to 
east), with one farm having the highest PET and the lowest rainfall. That same farm 
applied the most irrigation of those surveyed. 

5. Soil physical properties their distribution among properties 

The soils of the area commanded by the WIL scheme are mapped as having four main 
groups of plant available water (PAW). For the each farm in the survey an area 
weighted PAW, based on these maps, was calculated and used in the assessment of 
irrigation effectiveness,. For each soil group mapped, a minimum, mean and 
maximum PAW is provided and for this exercise the maximum value was assumed. 
From the distribution of PAW among farms it appears that most of the farms surveyed 
are in parts of the scheme area with relatively low PAW. Figure 3 shows the 
distribution of PAW within the scheme area. 
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Figure 2: Weekly rainfall and potential evapotranspiration (Penman) for 2009/2010 
irrigation season for the centre of the WIL Scheme area based on data from the 
NIWA virtual climate network. 

 

Figure 3:  The distribution of plant available water within the area commanded by the WIL 
scheme 
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6. Interpretation of week to week variability in water use 

The irrigation season water use data was analysed from 1 September 2009 to 1 May 
2010. The data was manually downloaded every 60 days as indicated in Section 2.4. 
The data was subjected to a quality assurance process whereby negative values from 
the record were replaced by zero values. (N.B. this data will show greater water use 
than the monthly and annual totals from the meters as these totals include the negative 
values). In a few cases, where there were large values (several times larger than 
normal maximum daily use) at the start of an irrigation period, the volume was spread 
over the preceding few days if irrigation was common among other survey participants 
during that time. Records from two survey participants appeared to be in error as their 
metered water use was well in excess of their entitlement and information from WIL 
management indicated that the metered water use was well in excess of the ability of 
these shareholders to take such quantities of water. The data from these two sites was 
not used in the analysis. 

Figure 4 shows the number of farms that were irrigating out of a potential number of 
12 farms. The number of farms irrigating during any week ranged from one to all 12. 
Two farms had 2 pumps each and data from these two pumps were combined except 
where labelling indicates data for both pumps. For this season it was mid-November 
before most of the survey participants were irrigating. This probably reflects the 148 
mm of rain received in September to early November that would have satisfied most 
of the potential evapotranspiration for that period. Those participants with lighter soils 
are presumed to have started irrigation first. 
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Figure 4: The number of surveyed farms that were irrigating during the 2009-2010 
irrigation season. Data from water meters shown here. Two farms have two 
water meters. 
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When the meter indicated that a farm was being irrigated it was assumed that the water 
was applied evenly over the effective farm area. Distribution system losses were 
assumed to be zero and other potential areas of irrigation system efficiency such as 
uniformity of application were not considered. Nevertheless it should give a good 
general overview when the results are averaged over all surveyed farms. We present 
data for the majority of farms that have a PAW of 89 mm. Nine out of 12 farms have a 
PAW of 89 mm. 

Figure 5 shows the minimum, maximum and mean irrigation applications per week 
from the 12 farms surveyed for the irrigation season. During most weeks from 
November to February an average of 10 to 20 mm per week were applied by those 
irrigating, although some irrigators were applying close to the maximum design rate of 
31.8 mm/week. During that period average rainfall was about 11 mm/week (depending 
on location) so during that time the ground would have received 20 to 30 mm of water 
per week and the higher figure would have been similar to the PET for the period of 
29 mm/week. Figure 5 shows maximum application rates between 40 and 53 
mm/week. We suspect that these high application rates are from faulty meters rather 
than a reflection of actual application rates. 
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Figure 5:  Weekly irrigation depths for the surveyed farms that were irrigating. 
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Figure 6 shows the weekly application rates for each farm determined by the water 
meter data. Again the slow start to irrigation can be seen as small applications were 
being made prior to December. Only on 6 weeks out of 420 potential farm-irrigation-
weeks and 237 actual farm-irrigation-weeks was the design application rate of 31.8 
mm/week. This indicates that over irrigation seldom occurs. It can be seen that after 
substantial (>20 mm) weekly rainfalls irrigation often, not always, ceases or 
application rates are reduced. The reduced extent and rates of application in March 
and April are attributed to a lack of water availability from the Waimakariri River and 
this issue will be discussed fully later. March and April were dry and irrigation was 
continued by most participants until the end of April. 

Figure 7 shows the amount of rain and irrigation per week compared to potential 
evapotranspiration for a participant near the centre of the WIL scheme (same location 
as Figure 2). It shows that except for the 3 separate weeks early in the irrigation season 
when there were substantial rainfalls, there was less rainfall than was required to meet 
calculated potential evapotranspiration. For about half the weeks there is a close 
balance between potential evapotranspiration (PET) and rainfall plus irrigation. For 
four weeks there was substantially more rainfall plus irrigation than PET. We have not 
examined the data closely enough to see whether or not these occasions were results of 
timing issues, i.e., most of the irrigation applied before the rain occurred as could 
happen if the rain occurred at the end of the week. There were weeks in March and 
April when there was less rain plus irrigation than PET and these times coincide with 
times when the river was low and there was little water available to the scheme. 

Figure 8 compares ideal and actual irrigation for two farms with different soil PAW 
and different access to irrigation water as one has a pond and the other has not. Ideal 
irrigation was assumed to be irrigation when soil moisture fell to 50% of PAW and the 
soil was either filled to 80% of PAW or 31.8 mm/week was applied, (whichever was 
the lower amount) and taking account of VCN rainfall and PET at the sites. Farm A 
has more rain, a soil with a large PAW, and is entirely dependant on WIL for 
irrigation water. Between 16 February and 22 March Farm A was without access to 
irrigation water from WIL whereas there should have been irrigation. After that, 
ideally there should have been more irrigation but WIL water was only available 
periodically and we do not know if that affected the ability of Farm A to be irrigated. 
Farm B has a lower PAW, has access to ponded water and was irrigated in a more 
ideal way than Farm A. Farm A with a limited supply of water applied 28 mm less 
than optimum irrigation. Farm B, which had much less rainfall than Farm A, but 
access to pond water, applied 53 mm more than it would have had it been applied 
ideally (see the table at the bottom of Figure 8). The farms had similar PET, but Farm 
B had 93 mm less rainfall and would have ideally have had to apply 134 mm more 
irrigation than Farm A. 
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Figure 6: Weekly irrigation depths for the surveyed farms and weekly rainfall at near the centre of the scheme. 

Week
Rainfall 

(mm/week) Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 Farm 7 Farm 8 Farm 9 Farm 10 Farm 11 Farm 12
1/09 - 7/09 0.0
8/09 - 14/09 0.0
15/09 - 21/09 6.9
22/09 - 28/09 30.3
29/09 - 5/10 0.0
6/10 - 12/10 35.6
13/10 - 19/10 10.3
20/10 - 26/10 25.8
27/10 - 2/11 14.4
3/11 - 9/11 0.0
10/11 - 16/11 1.1
17/11 - 23/11 0.0
24/11 - 30/11 23.9
1/12 - 7/12 13.5
8/12 - 14/12 8.5
15/12 - 21/12 9.9
22/12 - 28/12 1.8
29/12 - 4/01 9.6
5/01 - 11/01 22.3
12/01 - 18/01 4.2
19/01 - 25/01 16.7
26/01 - 1/02 0.0
2/02 - 8/02 1.1
9/02 - 15/02 6.2
16/02 - 22/02 19.5
23/02 - 1/03 12.2
2/03 - 8/03 2.9
9/03 - 15/03 18.7
16/03 - 22/03 4.1
23/03 - 29/03 4.4
30/03 - 5/04 2.8
6/04 - 12/04 0.0
13/04 - 19/04 5.9
20/04 - 26/04 7.5
27/04 - 1/05 0.0

20
09

20
10
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Figure 7:  Weekly rain and irrigation compared with potential evapotranspiration for the 
irrigation season for a farm near the centre of the WIL scheme. 

Figure 8:  Actual and ideal irrigation for two participants in the study. 
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An interesting issue has been highlighted with the data in Figure 8. That is, the 
differences in rainfall (and PET) within the scheme. It is very clear from other work 
(Srinivasan and Duncan unpublished) that there are consistent rainfall and PET 
gradients from north west to south east within the scheme with rainfall decreasing and 
PET increasing. This means that irrigation requirements significantly increase towards 
the south east, and there could be equity issues within the scheme if each irrigator 
buys shares based primarily on the basis of irrigable area. 

6.1. Availability of water to the scheme 

One factor that affects water use is the availability of water to the scheme. Figure 9 
shows the daily flows in the Waimakariri River, the daily take at the WIL intake at 
Brown’s Rock, the flows when restrictions apply and the weekly rainfall. While it is 
clear that at quite low flows in the Waimakariri River the WIL take is restricted to the 
stock water take (2.1 m3s-1), when the Waimakariri flows are higher other factors 
appear to affect the WIL take. In October 2009 there was significant rainfall and the 
scheme take was low even though the Waimakariri River flows were at rates when 
restrictions would apply for only a few days. Later on in the season there is less 
rainfall, lower Waimakariri flows and low irrigation takes. It is apparent that both the 
amount of water available and the rainfall affect the water take by the WIL scheme. 
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Figure 9:  Flow in the Waimakariri River at Old Highway Bridge, and at the WIL intake at 

Brown’s Rock (right hand axis scale) and daily rainfall for the irrigation season 
and the flow rates in the Waimakariri River when restrictions to the take for 
WIL scheme occur. 
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7. Comments on efficiency of irrigation 

7.1. Irrigation efficiency 

In this study we are concerned with comparing the amount of water sourced from the 
WIL scheme converted to an application depth and the rainfall compared with 
potential evapotranspiration, calculated soil moisture deficit and mapped soil moisture 
holding capacity. Examining other aspects of application efficiency is beyond the 
scope of the study. There are a number of measures of irrigation efficiency (Aqualinc 
2006). These can take into account losses in the supply system, on farm distribution 
losses, uniformity of distribution, use by the plant and so on. This survey does not 
measure or calculate on-farm distribution losses (pipe leaks, etc that are assumed to be 
negligible), uniformity of application, including runoff, interception losses and 
evaporation of spray. Most of these types of losses are normally low, typically less 
than 5% each (Aqualinc 2006), except for uneven application that can range 0-30% 
and is typically 15% (Aqualinc 2006). 

7.1.1. Summary of water use 

For the 2009/10 irrigation season it seems that, in general, the farmers in the study 
were applying water in an efficient manner. Only on 2.5% of irrigation-farm-weeks 
was there irrigation in excess of the design rate of 31.8 mm/week (not consecutive 
weeks) assuming that the meters were measuring flows accurately. We did not 
examine the records to see if this was the result of a timing issue i.e., irrigation 
followed by heavy rainfall in the same week or heavy rain at the start of a week and 
irrigation at the end of the week. Closer analysis of data in early 2009 (Duncan et al. 
2009) showed that where excess irrigation was apparent it was because of such timing 
issues. 

7.2. Application rates 

The maximum weekly application rate for the irrigation season was 52 mm/week 
(Figure 5). That rate is only excessive when applied to soils where the actual PAW is 
more than about 50% of its maximum value and there is low (<104 mm) potential 
PAW. In this case the potential PAW of the soil being irrigated was mapped as having 
a potential PAW of 89 mm and so the application was likely to have been excessive. 

Only one participant applied more water than was required to meet the seasonal soil 
moisture deficit (PET - rainfall). Thus it is unlikely that too much water was being 
applied but the irrigators on average were applying less than was required to meet 
evaporative demand during the season. 
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There was insufficient information to determine whether there were differences in 
irrigation application rates between irrigator types. 

7.3. Adequacy of irrigation 

7.3.1. Accumulated soil moisture deficit 

One measure of the adequacy of irrigation is to measure the accumulated soil moisture 
deficit. This was calculated by assuming that the soil was at field capacity on 1 
September 2009. From that the weekly rainfall and irrigation were added and the 
weekly PET was deducted. If the sum of those values exceeded the PAW for the farm 
then soil moisture for the start of the week was reset to the PAW. Starting with the soil 
at field capacity is a reasonable assumption as NIWA’s soil moisture sensor at 
Rangiora showed the soil was at field capacity on 1 September 2009. The maximum 
value of the accumulated soil moisture deficit for each participant is shown in Figure 
10. For those participants with large deficits the deficit started in December and 
tended to grow as the season progressed. Those with smaller deficits tended to have 
their maximum deficits in February and the deficit became reduced as the season 
progressed. Large deficits indicate inadequate irrigation as measured by the meter 
either because of lack of supply, because the meter was under registering or because 
insufficient irrigation even though there was an adequate supply. Most of the large soil 
moisture deficits seemed to grow in December and January when water supply from 
the river was not limited. WIL Management commented that they expected a greater 
demand from irrigators during this period than actually occurred. This suggests that 
there were reasons apart from water supply that reduced irrigation application. 

Most of the farms in the survey have PAW less than 89 mm, so a maximum deficit of 
more than 45 mm indicates that soil moisture levels were lower than required for 
optimum pasture growth that week. There were only two farms that kept soil moisture 
levels at more than 50% of PAW for more than 75% of the irrigation season (figure 
11) and many had substantial soil moisture deficits indicating that soil moisture 
replenishment was inadequate for optimum growth for a long period. 

7.3.2. Time when soil moisture was above 50% of PAW 

To maintain full pasture production there is a rule of thumb that soil moisture levels 
should be maintained above 50% of PAW. Figure 11 shows the proportion of the 
irrigation season soil moisture values for each participating farm were above 50% 
PAW. For these calculations we used the VCN PET and rainfall, measured irrigation 
and farm PAW. We used similar soil moisture accounting as for the accumulated soil 
moisture deficit except that the weekly value was not allowed to go below zero. This 
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method assumes that the entire PAW will be used at PET rates and we acknowledge 
that this will exaggerate the number of days the soil moisture is less than 50% PAW as 
soil moisture is used more slowly as soil moistures approach wilting point. 
Nevertheless we think that Figure 11 gives a good indication of how well the 
participants have been irrigating. It appears that in general soil moisture values are 
usually at lower than optimum for pasture growth with only a few farmers having 
good soil moisture values most of the time. It is likely that pasture growth would still 
be good at values above 40% PAW and inspection of the data (not shown) indicates 
that a significantly higher proportion of farmers meet that criteria more often. 

 

Figure 10:  The maximum value of accumulated soil moisture deficit for farms surveyed 
during the 2009/10 irrigation season. Farms 4 and 5 have two water meters each 
serving different pumps and areas. 

7.4. Improving irrigation performance with soil moisture measurement 

It appears from the analysis that there is very little over irrigation and a large amount 
of under irrigation and it is not very clear why low soil moisture values are so 
prevalent even if Waimakariri water is not available all the time. 

It is likely that soil moisture values and pasture production could be improved if 
irrigation scheduling was driven by soil moisture measurement rather than intuition. 
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Interviews with farmers revealed some interest in soil moisture measurement. 
However, only a few farmers were using it to drive irrigation scheduling and often 
there were maintenance issues with some part of the system, e.g., the devices used for 
down-loading the data did not work. It was astounding to the authors that many 
farmers had soil moisture sensors, but were not using the data for irrigation 
management. During the previous study (Duncan et al. 2009) there had been a 
reasonable amount of rain and most farmers used their intuition to cease irrigation, but 
one particular farm was continuing to irrigate. Soil moisture measurements from the 
farm indicated that irrigation was still required regardless of the rain, but at a lower 
frequency than if there had been no rain. The data showed the soil moisture levels 
moving nicely between 50% and 80% of PAW. 
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Figure 11:  Proportion of the time that soil moisture was estimated to be between 50% and 
100% of PAW in the farms surveyed for the 2009/10 irrigation season. Farms 4 
and 5 have two water meters each serving different pumps and areas. 

It seems that the focus that some farmers have on supplementary feeding and nitrogen 
application needs to be equally applied to irrigation management. 



  
 

Improved irrigation management via water metering information: 2009-2010 irrigation season 18 

We strongly recommend that farmers deploy soil moisture sensors and keep them and 
their data retrieval and display systems well maintained and use them to schedule 
irrigation. Alternatively, commercial soil moisture measurement driven irrigation 
scheduling services are available and are currently used by some farms within the 
scheme. 

8. Future work 

• There is a need to survey other irrigation seasons to see whether the results are 
typical. 

• Associated with the point above is the need to further investigate the 
reliability of the potential evaporation data to estimate evaporative demand in 
the WIL command area. 

• There is need to have more shareholders in the survey, to provide sufficient 
numbers of farming types other than dairying and a wider range of irrigation 
methods for comparison. 

• There is a need to obtain reliable daily flow data from the water meters and 
have a way of efficiently retrieving the data. We understand WIL is 
investigating a logging system that would provide real time telemetered data 
to a central data archive to meet this need. 

• For the purpose of soil moisture deficit estimations, rainfall and PET data 
from NIWA’s climate database were used. However, to improve the accuracy 
of predictions, it is necessary that rainfall and actual evaporation data be 
collected within the scheme. Development of such a dataset is critical in 
generalising the findings for the entire scheme. 

9. Summary 

• Little is known about on farm irrigation water use as there have been few on-
farm water meters. 

• NIWA wishes to gain experience of interpreting on-farm water use data to see 
if it can lead to better water use and allocation decisions. 

• The recent installation of water use meters to share holders in the Waimakariri 
Irrigation Scheme offered the opportunity for NIWA to explore water use 
data. 
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• The report details an analysis of weekly water use data from September 2009 
to April 2010 from a number of predominantly large water users where 
irrigation and rainfall were compared to calculated evaporated losses. 

• Early in the season the water take from the Waimakariri River was limited by 
demand as there was sufficient rainfall to satisfy PET until November. In 
March the water take and irrigation was limited by low flows in the 
Waimakariri River. 

• The measured application rates indicate that in general there was not enough 
rainfall and irrigation to meet evaporative demands. 

• More detailed analysis shows that large soil moisture deficits built up on many 
farms and few farms were able to consistently maintain soil moisture at levels 
optimum for pasture growth. 

• Lack of water from the WIL scheme did not appear to be the only reason for 
the low soil moisture levels. 

• More water storage, both on- and off-farm would reduce the likelihood of lack 
of water for the scheme during low flow periods. 

• Soil moisture measurement driven irrigation scheduling may be one way to 
improve irrigation effectiveness. 

• There is still some doubt as the accuracy of the water meters and the results 
reported assume high accuracy. It was beyond the scope of this project to 
investigate the accuracy of the meters and the likely cause of any inaccuracies 
such as inadequate distance between pipe beds and meters. 
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Appendix 1: Contract for Capability Funds – 2009-10 

 
 

SHORT TITLE:  Improved irrigation management via water metering information 

PROJECT CODE:  CF105215 

BP OBJECTIVE: In conjunction with the National climate Centre and the National 
Hazards Centre, initiate Year 1 of a 3-year “Flagship Programme” on 
Water Resource Management. 

PROJECT LEADER:  Maurice Duncan   DATE:  25 June 2009 

CHIEF SCIENTIST:  Clive Howard -Williams 

APPROVER:   Bryce Cooper 

ALLOCATION:  $50,000 

RESEARCH TYPE:  Research 

RESEARCH CATRGORY 2 

 
 
RESEARCH OUTLINE: 
 
The Flagship programme will assist in developing capability in the provision of underpinning climate 
and weather predictions and linked climate and hydrological and ecological datasets and models (both 
empirical and mechanistic) for the Canterbury Plains. The Flagship Programme is composed of four 
themes, which follow a logical sequence from climate predictions to water management. 
 
Flagship Theme 1.Weather and Climate Predictions 
Flagship Theme 2.Linking climate and water resources 
Flagship Theme 3.Ecological effects 
Flagship Theme 4.Prediction based adaptive management. 
 
This Project: “Improved irrigation management via water metering information” 
 
This specific capability funded project fits Flagship Theme 2. In 2009, NIWA initialised a study in the 
Waimakariri Irrigation Scheme to gather irrigation water use data from irrigation water use meters. 
Fourteen farm owners were contacted to take part in this study and details on their farm operations 
related to irrigation water use were collected. The goal of the present study is to continue the data 
gathering from the water meters for the irrigation year 2009/10, so that we have water use data for one 
complete season. 
 
The project will allow us to develop an institutional knowledge in New Zealand on how to interpret 
water use data in the context of water resource management. There will be new demands for such 
expertise by water users, water managers, scientists, regional and central government. Examples of 
end users who would benefit from this expertise include farmers and irrigation scheme operators who 
want to use the data to improve on-farm and scheme efficiency, Environment Canterbury who want to 
allocate water sustainably, ensure consents are complied with and interpret impacts of water use on 
water bodies, Ministry for the Environment who are responsible for state of the environment reporting 
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and Statistics New Zealand who propose to report on water use in 2020-2011 as part of the next 
National Water Accounts 
 
 
RESEARCH OBJECTIVE 
 
Contribute to the NIWA Flagship programme on Water Resource Management by developing a 
structured methodology for interpreting measurements of water use. 
 
 
RESEARCH WORK PROGRAMME AND OUTPUTS 
 

• Continue the collaborative partnership with the Waimakariri irrigation Community and keep 
other relevant stakeholders such as Regional Council informed. 

 
• Obtain data on water use, and associated data on water meter type, irrigated areas and crop 

types, irrigation methods, irrigation scheme operations, river or groundwater levels, climate 
conditions, consent conditions 

 
• Summarise the quality and consistency of water use data 

 
• Meet with water users to gather information on factors determining water use patterns.  
• Interpret the week-to-week variability in water use in the context of factors such as soil water 

conditions, water availability, crop growth 
 

• Write a report summarising findings, present these to a community of irrigators, and to 
Regional Council staff. 

 
 
National Centres:  Freshwater Ecosystems 
 
Site:   Christchurch 
 
Regional Manager: Charles Pearson 
 
Regional Accountant: Jason Pegley 
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Appendix 2: Waimakaririr Irrigation Limited – Resource consent 
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