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Fundamentals determining prices and activities in the market for water allocations

Abstract
This paper analyses prices paid and volumes traded in the market for water allocations to provide insight into which factors drive activities in that market. While factors such as commodity prices, supply and demand as well as macroeconomic indicators have had an influence on price and volume traded, the main determinants during the study period have been the level of seasonal allocation, rainfall and evaporation. During this period of relative water scarcity irrigators with water dependent capital assets such as dairy and horticultural farmers have been willing to pay increasing water prices relative to commodity prices in order to protect these long-term investments and stay in business.

Introduction

Water scarcity is a problem in most countries in the world. As water scarcity intensifies the water economy is said to be in transit from the expansionary phase to the mature phase. Randall (1981) argues that this transition takes place when the marginal cost of providing new supply is high and the long run supply of water is inelastic, the total demand for water is high and growing, the competition for water among users is intense, and externality problems are pressing. The mature phase therefore sees a shift in policy paradigm away from meeting new demand with new supply towards requiring new demand to be met by a reallocation of existing resources between competing users. This shift in paradigm does not only have implications for agricultural water users, but is slowly making its impact within urban areas as well. As cities expand and have used all the water they are entitled to, they can only increase their supply by getting water from other existing water users, which in most instances mean agricultural users as they consume some 80% of all water extracted for consumptive uses.

Urban water authorities can take two main approaches to ensure that they have sufficient water during all years. Firstly, they can buy sufficient water entitlements to ensure that they have enough even during years of drought, and then sell the water allocations back to the rural users during years when they do not need it
. Second, they can acquire water entitlements enough for only ‘normal’ years, and then buy additional water allocations during years of drought. Such additional water allocations could be secured through contingent contracts under which a water authority makes long-term arrangements with farmers to buy their water allocations under certain climatic conditions or certain supply levels. This contract determines the conditions under which the contract is executed, the price to be paid when the contract is executed, and the one-off payment to be paid when the contract is entered into. This system has operated in the US (Shupe et al., 1989). Reflecting these developments, it is now a condition on development permits, in places such as Mildura in Australia (Bjornlund and McKay, 2001) and Colorado in the US (Shupe et al., 1989), that developers provide water authorities with the necessary water entitlements to service the development. As another example of this, the water authority supplying Adelaide, the capital of South Australia, exceeded its annual use limit for the first time during 2003/04 and therefore had to enter the water market to buy additional water allocations to satisfy the demand from their consumers.

Both of these approaches involve the use of water markets, both the market in which the long-term entitlement to receive annual water allocations is traded, and the market in which these annual allocations are traded. To assist urban water authorities to develop a strategy for how to most cost effectively ensure adequate water during all years it is important to understand what is driving irrigators behavior in water markets. To enable water authorities to effectively implement such a strategy it is important that efficiently operating markets should be in place. In a 2003 paper in this journal the first named author discussed how efficient markets for water allocations have been developed in Victoria, Australia, and provides some insight into the factors influencing prices paid in that market (Bjornlund, 2003a)
. This paper will extend this analysis by providing empirical evidence of the factors affecting prices paid and volumes traded in the market for water allocations. The first section discusses the literature, the second section outlines the data and methodology used, the third section analyses the prices paid, while the fourth section analyses the volumes traded. 

The literature

A search of the international literature does not reveal any other empirical studies of prices or volumes traded in the market for water allocations. Some analyses have been made of prices of water entitlements both in the US (Person and Michelsen, 1994 and Colby et al., 1993) and in Australia (Bjornlund, 2002b, 2003d). Person and Michelsen applied regression analysis to time series data for permanent water in Colorado from 1961 to 1989, using mean annual prices. They found that return on water in agricultural production appears to explain part of the price fluctuation until 1975 when urban expansion started to dominate water markets. Since then other factors such as housing starts, population growth and prices of other commodities seem to have a larger influence on price. Statistically these findings are insignificant but the conclusions are supported by Colby et al. (1993) and Gardner and Miller (1983). The study by Bjornlund (2003d) applied regression and time series analysis to mean monthly prices from 1993 to 2003. He found that the major factors influencing price were: 1) the price paid in the market for temporary water; 2) the level of seasonal allocation; 3) the price of vine grapes and 4) interest rates. There was very little evidence to suggest that other commodity prices had an impact on mean monthly prices during that period. The analyses suggested that irrigators have been willing to pay increased prices as supply has declined in order to protect their long-term investments in water dependent assets such as permanent plantings and dairy cattle, despite a relative decline in commodity prices. The analysis of volumes traded shows a positive relationship to the price of dairy commodities. This suggests that improved economic conditions in the farm sector have led to increased confidence among irrigators resulting in a higher willingness to invest in long-term assets.

The studies by Colby et al. (1993) and Bjornlund (2002b) did not use time series data, but applied regression analysis to individual water transactions to identify which factors influenced the willingness of water users to pay for water. In the US it was found that price was a function of the seniority of the water entitlement (the more secure the right the higher the price), the volume of water traded (the larger the volume traded the higher the price), and the buyer being a high profile buyer (High profile buyers such as an urban water authority or a major industrial company are willing to pay higher prices). In Australia, where the water market is 99% rural-to-rural and all water entitlements within a certain region have the same priority, the two most important factors in the US are therefore not relevant. The research by Bjornlund indicated that within a rural water market the most important price determinants were: 1) the level of restriction on trade in the area, which confirmed the findings of Gardner and Miller (1983); 2) the water use efficiency of buyers and sellers; 3) the value of the commodity produced; and 4) the relative bargaining strength of buyers and sellers.

However regression analysis have been applied to time series data within the lease market for fishing quotas in the New Zealand Fisheries (Kerr et al., 2003). They found that price dispersion within the fisheries quota market was much the same as within markets for other commodities and that the leasing market was far more active than the market for permanent quotas, which is an observation that has also been found to be valid for water markets (Bjornlund 2003b). They also found that prices paid in the lease market reflected economic fundamentals, such as the price of fish, the cost of fishing, demand for quota and the general performance of the economy. The fishing quota market in New Zealand seems to reflect economic fundamentals. 

Based on the above literature as well as anecdotal evidence and theoretical expectations as discussed by Bjornlund (2003a,e) it could be hypothesized that the willingness to pay for water should be a product of five factors: (i) commodity prices within the region in which water can be traded; (ii) supply of water measured by the seasonal allocation and rainfall; (iii) the level of evaporation; (iv) the price of substitute goods, for example dairy farmers can substitute the use of water to grow grass by buying feed; and (v) the potential loss that irrigators would suffer if insufficient water is applied during periods of water scarcity. 

No literature was identified analyzing factors that influence volumes being traded in water markets (apart from Bjornlund (2003d)). It could however be hypothesized that volume traded should reflect: 1) allocation level, 2) climatic conditions, and 3) the price of water.

data and methodology

To quantify the existence of the hypothesized fundamental determinants of prices and volumes of water traded data were collected for the two dependent variables. For prices: mean water prices on a monthly basis were collected from within the Goulburn Murray Irrigation District in Victoria, Australia from July 1993 to June 2003. As for the period from July 1993 to June 1996 prices are based on Bjornlund (2002b), and as from 1996 Plan Right in Tatura (the largest water broker in the district) and Goulburn Murray Water (GMW, the authority managing the district) have provided prices. For volumes traded: GMW provided volumes traded on a monthly basis; however, monthly data are only available since July 1996, which provides a shorter time series. 

Similarly, monthly data were obtained for the hypothesized independent variables: 1) water allocation, 2) precipitation, 3) evaporation, 4) commodity prices for: lamb, mutton, wool, cattle, wheat, feeding barley, butter, milk powder, cheese, and Cabernet Sauvignon and Chardonnay grapes; 5) interest rates; 6) exchange rates (US$); 7) trade weighted index; 8) inflation indexes; 9) index of rural commodity prices; and 10) GDP for the farm sector and the non-farm sector.

Three different methods have been applied to the data: 1) correlation analyses have been used to provide some broad insights into how individual independent variables influence the dependent variables; 2) regression analyses have been used to identify which factors have a significant impact in a multiplicative sense and to establish an indication of the magnitude of such impacts; and 3) classical decomposition techniques have been used to establish general growths and seasonality. Correlation and regression analyses use prices adjusted for inflation while time series analyses use prices in real time.

Analyses of prices paid in the market for temporary water

When analyzing time series data economic theory suggests that it will often be appropriate to use lagged variables since changes in the market drivers might not have an immediate impact on the behavior of market participants. That is, an increase in for example barley prices will not impact on the willingness of irrigators to pay for water the same week as the increase takes place; it might take some time for such knowledge to be absorbed by the people active in the market. It could however be expected that irrigators in the market for water allocations react relatively quickly to changes in economic fundamentals since decisions made only have an impact for that season and trade takes place rather instantly. The use of lagged variables was therefore tested in both correlation and regression analysis.

Application of correlation analyses

Correlation analysis is used to measure the strength of the association between two variables such as the price paid and the level of seasonal allocation without considering the implications of any other variables. Table 1 gives the Pearson Correlations and their significance levels between prices paid and the expected drivers of these prices. The variables are measured in real time with the exception of rainfall, which is lagged one month, as it was insignificant in real time. 

The insignificant commodity variables remain insignificant when lagged by 1, 2 and 3 months. The significant commodity variables retain their sign and remain significant when lagged; however, they change their significance level. Lamb and wheat reduce their correlation coefficient with each lag (lamb down to r=0.17 and wheat to r=–0.38 at lag 3), while cattle and dairy products increase their correlation coefficient (cattle to r=-0.31 and cheese to r=–0.70 at lag 3). 

Insignificant macro-economic variables remain insignificant when lagged. The correlation coefficient for interest rate goes up slightly at lag one but ends up at the same correlation at lag 3. Exchange rate, rural commodity index and the CPI inflation index have an increased correlation coefficient with increased lag while non-farm sector GDP has a declining correlation coefficient. All significant variables remained significant at the 0.01 level and retained their sign.

Application of regression analyses

Regression analyses were next applied to water prices in order to determine which of the identified price determinants had a significant impact on price in the presence of other variables and quantify the extent of that impact. In the first instance analyses were carried out with price as the dependent variable. This resulted in a relatively high R2 value of 0.75 with cattle, wool and wheat prices together with the allocation level, evaporation, and interest rates comprising the independent variables. However, as expected there was strong multicollinearity between a number of the independent variables; this was particularly prominent between many of the commodity prices and most of the macro-economic variables; furthermore the Durbin–Watson statistic showed strong signs of positive serial correlation due to the time series nature of the data.

First differences were therefore applied to both dependent and independent variables to eliminate the problems with serial correlation, and individual variables were selected as proxies for commodity prices and macro economic variables to overcome multicollinearity problems. Lagged variables were also tested; however, in most instances, the real time variables were the most significant. Seasonal dummy variables were also tested; however, as could have been expected there are very strong levels of multicollinearity between these seasonal variables and evaporation levels. It was decided to keep the evaporation variables in the model since that makes more conceptual sense and the issue of seasonality will be further explored using time series analysis. The final model is shown in Table 2. With an adjusted R2 of 0.522, which is a very acceptable level for models using first differences as the trend has effectively been taken out of the data, and an F value of 10.971 the model is significant. The Durbin–Watson statistic of 2.469 shows that the model is free from serious autocorrelation, while a maximum VIF figure of 1.458 and a maximum condition index of 2.416 prove that there is no indication of multicollinearity in the model. Finally, most variables are significant at the 0.01 level.

Discussion of findings

Climate, supply and market

A number of important observations can be made from Table 1. Prices are significantly correlated with the activity in the market both in terms of the number of transfers and the volume traded; the higher the level of market activity the higher the price, with the number of transfers being more significant than the volume traded. In response to higher prices irrigators buy less water more frequently, to accommodate their cash flow and in the anticipation of rain or an increase in allocation, which would eliminate the need for further purchases
. There is also a significant relationship between prices paid in the markets for temporary and permanent water. This is supported by anecdotal evidence in the market. When water allocations were cheap and easily available irrigators relied happily on purchases of allocations; as allocation prices and water scarcity increased, it became increasingly difficult and uncertain to secure the necessary water at a reasonable price. Irrigators therefore became inpatient with the market for allocations and started to buy more water entitlements
, and by so doing they increased demand and prices in that market. Also, in an economically efficient market the two prices should move in unison with the price of water entitlements, reflecting the capitalized value of the price of water allocations at a market discount rate (Bjornlund and Rossini, 2005)
. 

The importance of the allocation level as a determinant of price is confirmed in Tables 1 and 2. The regression coefficient for allocation indicates that price decreases by one dollar for each percent the allocation level increases. This is as expected, since at high allocations many irrigators do not need to buy water, which then reduces demand and therefore price. 

The importance of climatic conditions is also reflected in Tables 1 and 2. The correlation coefficients suggest that the higher the level of rainfall the lower the price of water, and the higher the level of evaporation the higher the price. The regression coefficient for evaporation indicates that prices increase by A$0.092/ML when evaporation increases by one mm. This is as expected since with high levels of evaporation irrigators need to use more water to not only supply the plants with the water they need, but also to replace what evaporates, while with high level of rainfall less irrigation is needed. 

These findings indicate that irrigators react immediately to fluctuations in supply conditions.

Commodity prices

The analyses indicate a number of significant relationships between the price of water and commodity prices, the signs of the correlation coefficients are however not always logical. It was found that: 

1. the correlations between lamb, mutton, and wool are significant and positive indicating that higher commodity prices results in higher water prices. The regression coefficient for wool suggests that water prices increase by A$0.211/ML each time the price of wool increases by one cent per kg. These farmers are the low value producers in the region and therefore good commodity prices for them increases the price at which they are willing to sell their water rather than produce their commodities; 

2. the coefficients for wheat and cattle however are negative suggesting that water prices increase as commodity prices decrease; this could be caused by the fact that most of these farmers are mixed farmers, they therefore react to the price of the commodity with a positive coefficient. The regression coefficient for cattle suggests that the price of water decreases by A$0.843/ML each time the price of cattle decreases by one cent per kg;

3. all dairy products are highly significant but with a negative sign, this suggests that the willingness of dairy farmers to pay increases as the value of their commodities decreases. Theoretically this does not make sense but has a logical explanation; the willingness of dairy farmers to pay is not driven by maximizing their output due to high commodity prices but rather by their desire to maintain their herd and production during a period with scarce supply
. Over the ten-year period prices for dairy products have generally been drifting downward while water prices have increased. However, due to the significant capital investment in milking herd, milking equipment and permanent pastures, as well as a relatively high gross margin per ML of water used, dairy farmers have been willing to pay increased prices for water even if this has resulted in a reduced net profit per ML of water used;

4. the regression coefficient for feeding barley suggests that the price of water increases by A$0.457/ML each time the price of feeding barley increases by one dollar per ton. This is likely to be caused by dairy farmers since higher feed prices increase the willingness of dairy farmers to pay for water to grow grass rather than buy feed
; and, 

5. both the correlation and regression coefficients for the index of rural commodities are significant and positive. Given the negative relationship between water prices and dairy prices, which is the main high value producer within the region, this could be an indication that other high value commodities drive prices, such as vegetables, horticultural commodities and wine grapes. Some of these commodities are grown in pockets within the study region but are more predominantly grown downstream. However, trade can take place from the study region to these downstream regions. Due to problems associated with obtaining consistent data related to these commodity prices on a monthly basis it has not been possible to include them in the model, but the composite index is a good proxy for this influence.

Macro-economic indicators

Price has a significant negative correlation with interest rates and the exchange rate between the A$ and the US$. As interest rates increase farmers’ willingness to pay for water decreases, which is consistent with economic theory. The regression coefficient for interest rates suggests that water prices decrease by A$18.50/ML each time the interest rate increases by one percent. However the time series is not long enough to establish this relationship with certainty. Prices were low in the early nineties, when the market was young and allocations and interest rates high, while prices were high towards the end of the period when the general interest level and allocations were low. The correlation with the US$ is also negative suggesting that a lower exchange rate results in higher prices; this makes economic sense since a low exchange rate improves the terms of trade for the agricultural sector, which is predominantly export driven.

The correlation with the CPI inflation index is significantly positive. This indicates that the increase in water prices has been well above inflation since the prices used for the analysis already have been adjusted for inflation. Finally there is a significantly positive correlation with GDP for the non-farm sector, while there is an insignificant correlation with farm sector GDP. The regression coefficient for non-farm sector GDP suggests that water prices increase by AU$0.005 each time GDP increases by one dollar. This again suggests that water prices have not been driven up by GDP growth in the farm sector, since this sector has had a hard time during the last six years of this study period. It also emphasizes that scarcity in supply due to the drought has forced high value producers with permanent plantings and pastures to pay higher and higher prices, not in pursuit of higher commodity prices but in an effort to remain in business. That the correlation is significantly positive with non-farm sector GDP could also reflect the fact that farm households in the study region have a significant level of dependence on off-farm work, and therefore the household income is influenced by the general growth in the economy (Bjornlund, 2002a).

Application of time series analyses

Given the findings in the preceding sections that water prices are significantly driven by water scarcity and have increased well in excess of general inflation, basic time series analyses were applied to nominal real time prices to further investigate these two issues and to enable the series to be described in terms of trend, seasonality and cycle. A regression model in an exponential form using a time index and seasonal dummy variables are used to estimate seasonal indices and a compounding growth rate (trend). The ratio to moving average approach is also used to estimate seasonal indices through the ratio of observed values to a twelve period centered moving average.  This twelve period centered moving average is then used to estimate the trend via a simple time index regression in exponential form.  

Analyses of seasonality and trend

It was expected that the series would show strong seasonal characteristics consistent with the changes in rainfall together with a compounding growth and significant cyclical activity that should be related to similar drivers as in the hedonic model.

The seasonal indices from both methods are very similar but only those for May, June and July are significant, indicating that the other seasonal indices are not consistent. Since the seasonal fluctuations are related to the seasonal effects of rain and evaporation, the prices paid will fluctuate more with rainfall than with a fixed (monthly) seasonal effect. Only in May to July when rainfall is reasonably consistently high, and trading is limited (the irrigation season is finished and the official water exchange is closed), is there a statistically significant seasonal effect. This supports the results from the hedonic models and suggests that the prices are a function of actual rainfall, not “expected” rainfall. If the latter was the cause of price fluctuation and not the actual rainfall then we would expect all seasonal indices to be significant and a better indicator than the actual rainfall.  

Next the trend was estimated based on the deseasonalized data using a simple regression equation. The results for this regression are shown as Table 3. The functional form of the exponential model means that the exponent of the index variable can be interpreted as a growth rate.  The exponent of 1.0227 implies a monthly growth rate of 2.27% or an annualized rate of 30.85%.  This shows the dramatic underlying trend in the growth of temporary water prices. While this growth has been experienced over the period of the data, a significant proportion of the growth has been experienced during the last two seasons where scarcity was most severe (see Figure 1). It is therefore not anticipated that this trend will continue as the region comes out of the recent drought; on the long term it is expected that growth will more closely follow the growth in the overall economy.

Analyses of volumes traded in the market for temporary water

Application of correlation analyses

Table 4 shows the correlations between monthly volumes traded and the factors hypothesized to influence such levels. It shows very strong correlations with all hypothesized variables except for allocation. Allocation is significant at the 0.05 level at a three month lag and with an anticipated negative sign, indicating that at higher seasonal allocations less water is traded. The fact that allocation is significant at a three-month lag suggests that it takes three months for the market to register and react to changes, which reflects irrigators’ wait-and-see approach. If the seasonal allocation is low it will cause an increase in trade towards the middle of the season. This could suggest that irrigators absorb the initial impact of low allocation levels within their allocation; at low allocations they do not initially increase purchases, rather they use their allocation in advance, which then eventually forces additional purchases if the allocation is not revised upward and/or there is no summer rain; or, the break in the season bringing autumn rain arrives late
. 

There is a significant negative correlation with rainfall: the more it rains the less water is traded. The relationship is however not very strong, with a significance level of 0.05 for current month and 0.01 for last month and insignificant lagged two or three months. This suggests that rainfall has an immediate effect on the need to irrigate. Evaporation has far higher correlations with volumes traded and the relationship is both in current time and with up to three months lag. This suggests that evaporation has both an immediate and an accumulated effect on demand for water as discussed. This is confirmed by the three variables: deficit last month, accumulated deficit last two months and accumulated deficit last three months. Deficits are computed as the difference between evaporation and rainfall; this measures the level of irrigation necessary in excess of plant needs.

The price of water also has an impact on volume traded, but the coefficient does not have a negative sign as anticipated. Volume traded increases with water price because of the relationship between water scarcity and water price. Finally there are strong correlations between the three seasonal variables and volume traded. This suggests that volume trade is high during the three months of January, February and March, very low during June, July, and August, and less pronounced so during autumn and spring (May, September and October). 

Application of regression analyses

Hedonic functions were then applied using first differences. The findings can be seen in Table 5. The model has an adjusted R2 of 0.604, which suggests that the model can explain 60.4% of the variance in volume traded. Combined with the F statistics of 14.708 this indicates a strong and significant model. The Durbin–Watson statistics of 2.096 shows that there is no autocorrelation in the model. Finally, the maximum VIF figure of 1.9 and maximum condition index of 3.15 suggest that the model is free from multicollinearity. 

The regression analysis largely confirms the findings using correlation analyses. The model suggests that the volume of water traded is directly impacted by evaporation during the month of trading. The coefficient of rainfall is surprisingly positive but only at the 0.1 level of significance; this confirms the weak correlation reported earlier. Further, the volume traded increases as the total water deficit accumulates over a three-month period. Finally, the volume traded reduces as price in the market increases; this is consistent with economic theory but inconsistent with the correlation coefficient in Table 4. This suggests that over time both price and volume traded have increased producing a positive correlation between price and volume traded. However, when using first differences in the regression analysis, and thus effectively removing these general trends, it is found that as the price goes up from one month to the next the volume traded goes down, which is consistent with economic theory. Finally the model shows that volumes traded are significantly higher during the January to March period by some 7,420 ML. 

The application of time series analyses

Similar time series techniques were applied as was discussed for allocation prices. The only variation is that the regression model does not use a log form due to the weak trend in volume traded. Implied percentage growth in volume traded is therefore only computed using the ratio to moving average approach. 

Given the strong relationship between seasonal variables and volume traded identified by regression and correlation analyses, it could be expected that the volume traded should show a stronger seasonal variation than was the case for prices paid.
With an R2 of 0.79 and an F value of 18.73 the regression model is significant. The model indicates that 79% of variation in volume traded can be explained by seasonal variation. The regression coefficient for the time index was statistically insignificant, reflecting the weak trend. All monthly coefficients except for April are significant, with most at the 0.01 level, but with September and October at the 0.05 level and November at the 0.10 level, while December is the default month. Based on the coefficients the monthly volumes traded were computed, setting July, the lowest trading month, to zero. The outcome of this computation can be seen in Table 6 together with the seasonal indexes computed using the ratio to moving average approach.

The insignificant coefficient for April and the lower significance level of September and October indicate that the variation in volume traded over these spring and autumn months are larger than during the summer months. This reflects the high level of variability in rainfall during spring and autumn.

Table 7 clearly shows that trade is relatively stable during different periods with January to March being the highest months, June to August the lowest months, and with spring and autumn showing volumes growing and tapering off respectively. Classical decomposition was then applied to the data to establish trend seasonality and cycle. Figure 2 shows the actual volumes traded against the predicted volume using trend and seasonal factors. The difference between the two lines represents the volume traded, which is not explained by trend and seasonal factors. This figure shows how the difference between the actual and the trend/seasonal lines is most predominant during spring and summer. During spring of 1998 it can be seen that actual trade is above predicted trade very early in the season, this was the first season of the Exchange when horticulturalists bought in panic due to low opening allocations (Bjornlund, 2003a). During spring of 2000 it can be seen that actual trade was well below predicted trade; this was the season when spring was very wet resulting in the lowest spring prices in the history of the Exchange (Bjornlund, 2003a). Finally during spring of 2002 actual trade was far ahead of predicted trade; this was the season, which ended with only 57% allocation, during which horticulturalists forced prices up to A$500/ML during spring and early summer (Bjornlund, 2003a).

Using the classical decomposition method the data were first deseasonalized and then the trend was established using simple regression techniques and an exponential functional form. This model can be seen in Table 7. The R2 is relatively low; however with an F value of 19.0152 the model is overall significant, and the coefficient of growth is significant at the 0.01 level. The model suggests that there has been an average monthly growth of 0.44% in volume traded or an implied annual growth of 5.47%. 

Conclusions

This paper analyses prices paid and volumes traded in the market for water allocations in order to identify the factors driving market activities. Correlation, regression and time series techniques have been applied to price and volume traded and the hypothesized factors. Economic theory suggests that the following factors should be important: (i) commodity prices; (ii) supply and demand; and (iii) macro economic indicators such as interest rates, foreign exchange rates and GDP growth.

The analyses suggest that the above factors have all had an impact on the price of water during the ten-year period. However, commodity prices have had a limited impact, which has not always been consistent with economic theory. In the hedonic function and the correlation analyses many commodities have a negative coefficient, suggesting that farmers are willing to pay a higher price for water when they receive lower commodity prices. This is because most of the period has been dominated by drought conditions and the region has therefore experienced severe levels of water scarcity and very high levels of demand. All the analyses conducted suggest that the most important drivers of market prices are water supply represented by the level of seasonal allocations as well as precipitation and evaporation. High value farmers with investments in long-term plantings, pastures, dairy herd and equipment are forced to pay high prices during periods of scarcity to limit their potential losses caused by insufficient irrigation. During periods of scarcity there is little opportunistic buying by irrigators trying to benefit from high commodity prices since the price of water is far in excess of what can be made on any annual crop. This is likely to change during periods of normal or plentiful supply when the protective high value buyers leave the market and prices therefore return to levels reflecting the productive value of water. 

Finally, both interest rates and exchange rates with the US dollar have a significant negative impact on price, with lower rates resulting in higher willingness to pay; this is consistent with economic theory. Price is positively related to GDP growth in the non-farming sector, but not in the farming sector. This further highlights the fact that farmers have paid high prices not due to economic growth in their sector but rather to protect their production during a period of water scarcity.

Due to the pressure of water scarcity water prices have increased with an implied growth of more than 30% per annum, well above general inflation. This exponential growth has especially taken place during the last two years of exceptional water scarcity and is therefore likely to stop once supply normalizes. 

Volume of water traded has increased at a much lower rate of about 5.5% per annum. The factors influencing volume traded are again dominated by allocation, evaporation and rainfall together with seasonal factors and the price of water. The analysis also indicates that the impact of these factors is delayed as irrigators postpone buying water in the hope allocations will increase or rain will fall.

These analyses suggest that water authorities planning to control water entitlements only enough for them to suffice during normal years, and then to buy additional water allocations during periods of scarcity, will be better off arranging long-term conditional leases during periods of normal supply, when heads are cool and sellers are less likely to be caught up in the ‘greed-of-the-moment’ and the authority is less likely to have to ‘panic’ buy.
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Figure Captions

Figure 1. Ratio to moving average components water allocation prices 1993–2003
Figure 2. Actual and predicted volume of water allocation traded using trend and seasonal factors

Table 1: Correlations between water allocation prices and selected drivers July 1993 to June 2003
	Climate, supply and market
	Correlation
	  Commodity      

  prices
	Correlation 
	Macro economic

variables
	Correlation

	Allocation level
	-0.61
	*
	  Lamb
	0.30
	*
	Interest rate
	-0.46
	*

	Rainfall Kyabram lag 1
	-0.24
	**
	  Cattle
	-0.29
	*
	Exchange rate US$
	-0.39
	*

	Evaporation Kyabram
	0.12
	
	  Wool
	0.10
	
	CPI inflation index
	0.63
	*

	Volume traded
	0.26
	**
	  Wheat
	-0.39
	*
	GDP farm sector
	-0.03
	

	Number of tranfers
	0.42
	*
	  Feeding barley
	0.12
	
	GDP non-farm sector
	0.61
	*

	Water entitlement price 
	0.54
	*
	  Cheese
	-0.67
	*
	Index rural commodity prices
	0.47
	*

	All prices are adjusted for inflation. The figures are the Pearson Correlation between the variable and the price paid for water in the temporary market. * denotes significance at the 0.01 level and ** denotes significance and the 0.05 level


Table 2. Regression function for water allocation prices 1993–20031

	Adjusted R2
	0.522
	 
	 
	 

	F
	10.971
	 
	Significance level
	0.000

	Variable
	Coefficient
	t
	Significance level
	VIF

	Wool prices
	0.211
	3.01
	0.004
	1.438

	Cattle prices
	–0.843
	4.16
	0.000
	1.304

	Feeding barley prices lagged 1 month
	0.457
	2.49
	0.015
	1.147

	Index of rural commodity prices
	2.053
	3.37
	0.001
	1.458

	Allocation level
	–1.001
	3.98
	0.000
	1.223

	Evaporation measured at Kyabram
	0.092
	3.48
	0.001
	1.195

	GDP non-farm sector
	0.005
	2.43
	0.018
	1.193

	Interest level
	   –18.499
	2.01
	0.049
	1.121

	Constant
	–2.561
	1.34
	0.185
	 

	1 Dependent variable is the change in mean monthly prices paid for water allocation prices. All prices both as dependent variables and independent variables are adjusted for inflation back to July 1993 prices. All variables are first differences indicating the change in the variable since the last data point.


 Table 3: Simple exponential regression for time Index and 12 period CMA for water allocation prices
	R Square
	0.688746
	 
	 
	 

	F
	234.5575
	 
	Significance level
	0.0000

	Variable
	Coefficients
	t
	Significance level
	Exp (bn)

	Intercept
	2.2711
	22.8054
	0.0000
	9.6902

	Time Index
	0.0224
	15.3153
	0.0000
	1.0227


Table 4. Correlations between volume of water allocation traded and anticipated drivers














Correlation

Driver










real time



lag 1


Lag 2


Lag 3

Allocation










0.111



–0.068

–0.146

–0.261**

Rainfall (Kyabram)






   –0.273**


–0.316*

–0.099

–0.083

Evaporation (Kyabram)





0.690*


  0.808*

  0.723*

  0.417*

Deficit last month1







0.814*


  0.678*

  0.355*

Deficit accumulated two months


0.812*

Deficit accumulated three months


0.726*

Price of water allocations





0.260**


  0.277**
0.254***
  0.226***

Summer (Jan, Feb, Mar)





0.741*

Winter (June, July, Aug.)




   –0.648*

Autumn/spring (May, Sept, Oct)

   –0.228**


* denotes significance at the 0.01 level and ** denotes significance at the 0.05 level

1 the deficit is computed as the difference between evaporation and rainfall.


Table 5. Hedonic function for volumes of water allocation traded 1997 to 20031
Variable













Coefficient

t






Evaporation Kyabram








135.984


5.220*

  

Rain Kyabram











  95.390


1.959***


Accumulated deficit three months




  41.593


3.241*




Temporary prices CPI adjusted




   –138.303


2.069**

January/February/march






  7,420.379


2.045**

Constant











–3,770.216








R2
















0.604







F statistics












  14.708*







* denotes significance at the 0.01 level, ** significance at the 0.05 level, and *** significance at 0.10 level


Table 6. Implied seasonal variation in the volume of water allocation traded 1997 to 2003


Month








Volume traded (ML)




Seasonal index












(using regression, Table 9)


(using ratio to moving average)


January









40,197










2.004

February








40,444










2.149

March









40,954










2.252

April










26,982










1.361

May










12,696










0.632

June










     349










0.019

July










         –










0.002

August









  3,014










0.123

September








14,217










0.704


October









14,184










0.694

November








16,202










0.806

December








25,104










1.254


Table 7. Simple exponential regression for time index and twelve period CMA of volume of water allocation traded 1997 to 2003
	R Square
	0.2501
	 
	 
	 

	F
	19.0152
	 
	Significance level
	0.0000

	Variable
	Coefficients
	T
	Significance level
	  Exp (bn)

	Intercept
	9.6975
	239.30
	0.0000
	16,276

	Time Index
	0.0044
	4.3606
	0.0000
	1.0044


� A water entitlement is the long-term (or perpetual) right to receive future annual allocations, which size depends on available supply each year.


� For a discussion of how irrigators have adopted water markets see Bjornlund (2003b); for a discussion of the community impact of water markets see Bjornlund (2004a, 2002a); and for a discussion of how irrigators have used water markets as a risk management tool see Bjornlund (2003c).


� This market behavior was confirmed during focus groups with irrigators in 2003 (Bjornlund, 2004b)


� This market behavior was also confirmed during focus groups with irrigators during 2003 (Bjornlund, 2004b).


� This was also found in the market for fisheries quotas (Newell et al., 2002).


� This was confirmed during focus group discussions with irrigators in 2003 (Bjornlund, 2004b).


� This was confirmed during focus group discussions with irrigators in 2003 (Bjornlund, 2004b).


� This market behavior was identified during focus groups with irrigators in 2003 (Bjornlund, 2004b).
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