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Abstract 

 

Pricing can be more effective for water conservation than mandatory policies (Olmstead, 

2010), and ex post water price information has been found to be influential on water use 

decisions. Under a dynamic decision making process, forward-looking water users may perceive 

a future change in price and take actions right away before the actual price change occurs. We 

examine the ex ante information effects of 2016 water tariff adjustment in Taipei metropolis, by 

investigating the water use behavior during the period in which approval and details of the price 

adjustment proposal remained uncertain. Our empirical results show that an ex ante information 

effect exists. All users reduced their water uses once they learned that water price might be 

raised. However, the household water use bounced back to the prior level and commercial water 

use remained decreased, as they found the increase in water price mainly fell into commercial 

water users. The existence of an ex ante information effect suggests that, in addition to providing 

actual water prices, supplying possible future price variations to consumers can also improve 

water use decisions.  
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Introduction  

Water pricing is found to be more effective than mandatory regulations for water 

conservation (Olmstead, 2010), and it has been considered as an important policy tool in coping 

with increasing water scarcity and climate uncertainty. Water usually is charged by block rates 

rather than a flat rate. Several empirical studies have demonstrated that water users thus respond 

to expected or averaged price, instead of the actual marginal price they are charged for (Nataraj 

and Hanemann, 2011; Binet et al., 2014; Ito, 2014). If a price schedule is complicated (e.g. non-

linear block rates), price information used by decision makers could be a function of cognitive 

capability and cost to obtain the marginal rate (Ito, 2014).1 Thus, improving price information 

can help water conservation (see e.g., Gaudin, 2006). 

In this research line, the investigation focus has been on users’ ex post responses to a 

price change and water use decision making given the price information with non-linear water 

tariff schedules. Yet, if adaptive activities to a new water price require time, water users would 

take water-saving actions once they obtain the related information. In particular, water-intensive 

industrial users may need to install new equipment or change their production technology to 

reduce water use in response to a higher water price. The implementation of such conservation 

measures could take months, water users would adopt responsive strategies before water price 

actually increased. Thus, we posit that water users may respond to the information of future 

water tariff raise, rather than wait until the price increase is in effect.  In other words, water users 

would respond to anticipated price change, and there exists an ex ante information effect of water 

price increase on water conservation. 

Thus, it is of our interest to empirically investigate whether water users respond to an 

anticipated price change. We use 2016 water tariff adjustment in Taipei metropolis as an 

example to examine the ex ante information effect, with a special focus on the water 

consumption behaviors in two different periods while the approval and implementation of the 

price adjustment proposal were uncertain. The water tariff in Taipei area had remained 

unchanged for more than two decades until Taipei City Council approved the tariff adjustment 

proposal in 2016. The water tariff adjustment process, required by the Water Supply Act, was 

tediously long. The request for a water tariff change normally is proposed by a water operator, 

 
1 A few studies argue that water users do respond to marginal prices even though the price schedule is non-linear 

(see e.g. Nataraj and Hanemann, 2011). 
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and the proposal is subjected to be reviewed and approved by different legal entities, such as 

Water Rate Review Commission, City Government, and City Council. Since any of these entities 

can not only reject but also amend the submitted proposal, there exists a period, we refer it to 

“discussion period”, during which the general public was unsure whether the proposal would be 

approved and, if approved, to what extent the price would be increased. This unique context 

allows us to examine the existence of ex ante information effect.  

Our research contributes to the literature by demonstrating that water users do respond to 

future price information in advance. Our results also show that consumers would respond to 

imperfect price information caused by policy uncertainty, suggesting that factors in addition to 

consumption uncertainty and cognitive difficulty2  (Nataraj and Hanemann, 2011; Ito, 2014) 

should not be ignored when investing the price effects of utility services. 

 

Water Tariff Adjustment in Taipei Metropolis  

Taipei Water Department (TWD), one of the two water operators in Taiwan, supplies 

water to the Taipei metropolitan area. Although TWD is a public utility operator, its water price 

must recover the water supply costs (mostly, the operation costs) given Taiwan’s Water Supply 

Act. According to the Act, the procedure to change an existing water tariff schedule is the 

following. First, TWD must submit a plan of water tariff adjustment to Taipei Water Rate 

Review Commission (TWRRC). The main responsibility of TWRRC is to review and ensure that 

the proposed water tariff schedule comply with the Water Supply Act. Second, once the proposal 

passes the review, the Taipei City Government will ratify the proposal and submit it to the Taipei 

City Council for their approval. Third, the City Council may approve the proposal, with any 

modification as necessary, or reject it. The Council would also set the date to put an approved 

water tariff adjustment into effect. 

Even though such a water tariff adjustment procedure is provisioned by the Water Supply 

Act, Taipei’s water tariff remained unchanged for more than two decades. In these two decades, 

the need for increasing water tariff to recover the growing water supply costs was debated from 

 
2 As summarized in Ito (2014), instead of marginal price, users may respond to an expected price or mean price 

when they face a non-linear price schedule such as the block rates popularly adopted by electricity or water utility 

providers. Yet, empirical studies find responses to all the price types (Nataraj and Hanemann, 2011; Ito, 2014). 
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time to time. However, not a single water tariff adjustment plans had been proposed because of 

the belief that the City Council would never approve any tariff raise proposal due to social equity, 

affordability, and political concerns. The general public were thus leaning toward a belief that 

the chance for increasing water tariff was extremely slim.  

A historically record drought, known as the most severe drought in 67 years, occurred in 

2015 in Taiwan. Eventually, the water operators had to conduct water rationing in response to 

this severe drought while the major reservoirs were drying up (AFP, 2015; BBC, 2015; Zhu et al., 

2015). Although Taipei metropolis was not subject to this water rationing mandate, such a 

record-breaking drought motivated more policymakers and Taipei citizens to seriously think of 

setting a new water tariff schedule so that it can reflect the supply costs and future investment in 

dealing with such a water supply uncertainty. With this social milieu, the TWD announced a 

water tariff adjustment plan in June 2015 and submitted it to the TWRRC for review. Many water 

users believed that the water price would be increased very likely, though the scale of change 

was subject to negotiations and concessions in the City Council. 

It took a few months for TWRRC to review the water tariff adjustment plan and made 

suggestions for revision. The TWRRC completed the review process in September 2015, and the 

revised plan was sent to Taipei City Government for ratification in December 2015. After it was 

ratified, the plan was submitted to Taipei City Council in the same month. After amending 

several block rates, the Council approved the plan in January 2016 and set the execution date on 

March 1, 2016. The timeline of this price adjustment procedure is summarized in Table 1.  

In this process, water users believed that water tariff would be raised due to the water 

shortage caused by this severe drought. However, the water tariff adjustment scale remained 

unknown to the users until the City Council made the final decision. This unique context allows 

us to examine the existence of an ex ante information effect under uncertainty. The ex ante 

information effect is investigated by testing if water uses were significantly different during this 

uncertain period. 

According to the final version of water price adjustment approved by the City Council, 

the rate of the lowest block was not changed due to affordability concern.  The lowest block rate 

contains 61.9% of users, mostly the household users. In order to encourage more water 

conservation, the main adjustment of water price lied in the higher block rate group, i.e. 28.8%, 
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49.1%, and 115% price increases in the second, third and highest block rates respectively. 

Namely, the water price adjustment is progressive, larger users (the commercial users) had 

higher price increase. It is also worth to mention that no new water conservation measure was 

introduced during the entire duration of adjustment procedure. Thus there is no need to consider 

the confounding effect due to water conservation policies. 

 

Table 1 Timeline of Taipei Water Tariff Adjustment 

Time Progress 

June-September 2015 A Water Tariff Adjustment Plan was submitted by Taipei Water 

Department and reviewed by Taipei Water Rate Commission. 

December 2015 ⚫ The revised Water Tariff Adjustment Plan was sent to Taipei 

City Government for Ratification. 

⚫ The ratified  Water Tariff Adjustment Plan was submitted to 

the City Council for approval. 

January 2016 Taipei City Council amended the water rates and approved the 

Water Tariff Adjustment Plan 

March 2016 The new water tariff was put into execution 

Source: Chou et al. (2019) and TWD (2020)  

 

Data and Method 

Data 

Our data are obtained from two major sources: Taipei Water Department (TWD, 2019) 

and Taipei City Government (2019). The former provides monthly data of water use and 

numbers of water bill accounts at the sectoral level. We combine the data from the following 

three sectors: the uses for Taipei’s municipal administration and operation, the uses by all 

governments located in Taipei, and the uses by schools. This is because these agencies all 

receive government funds and thus share similar water use behaviors. Taipei City Government 

(2019) supplies monthly data for other key variables that could also influence water uses, such as 

temperature, consumer price, and business revenues. The monthly business revenue data in 

Taiwan may occur measurement errors, since business owners can report their revenues at an 

arbitrarily bi-monthly time window. We thus adopt the calibrated annual revenue data also 

obtained from Taipei City Government (2019) to address this issue.  
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The water use data cover the period from January 2003 ~ June 2019 (198 months of 

observations). Table 2 summarizes the key statistics for the major variables used in our analysis. 

The top panel shows the water uses for the three major “direct-to-consumer” sectors.3 While 

potential ex ante effects in the household and commercial sectors are of our major interest, the 

government sector could also respond to the price change information in a more sensitive manner. 

In this sector, the water users’ expenses rely on government funding sources, potentially causing 

these users more responsive to the tariff adjustment information, a signal of the government’s 

attitude toward water conservation. The three sectors together account for more than 95% of the 

water use in the Taipei metropolis.  

 The bottom panel of Table 2 demonstrates the statistics for those variables found to 

influence water uses in the literature (described in the method section). The household sector (i.e. 

domestic water use) and commercial sector account for the majority of water uses (about 93% of 

total water use) in the Taipei metropolitan area. Overall, temperature, CPI, and household scale 

variations are relatively mild in Taipei during the studied period. 

 

Table 2 Summary Statistics (N=198) 

Variable Unit Mean Std. 

Dev. 

Min Max 

Water Use      

Household 1000 m3 27684.79 2301.12 23696.05 33135.15 

Commercial 1000 m3 9537.90 2114.12 5038.98 13420.23 

Government 1000 m3 2571.60 307.01 1450.39 3407.49 

Water User Account      

Household 1000 User 1461.17 30.24 1406.30 1513.77 

Commercial 1000 User 122.00 43.44 55.03 169.82 

Government 1000 User 8.94 4.05 3.13 13.61 

Temperature o C 23.42 4.91 13.70 31.10 

CPI N/A 94.46 5.24 83.71 102.72 

Business Revenue Trillion NTD 11.96 1.33 6.27 13.22 

Household Scale Capita per 

Household 

2.69 0.11 2.51 2.91 

Source: Taipei Water Department (2019) and Taipei City Government (2019). 

 

 
3 Bulk water sales to other water districts are not included in our analysis. 
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Method 

A water demand or consumption function can be derived from a utility maximization 

problem for consumers or profit maximization problem for manufacturers (Mas-Collel et al., 

1995; Reynaud, 2003). As water is a normal good and input, theoretical analyses suggest a 

negative relationship between water use and water price, which has been verified by numerous 

empirical studies of water demand and price elasticity (see e.g. Nieswiadomy & Molina, 1989; 

Reynaud, 2003; Moeltner & Stoddard, 2004; Bar-Shira et al., 2006; Yoo, 2007; Schleich & 

Hillenbrand, 2009; Nataraj and Hanemann, 2011; Angulo et al., 2014; Klaiber, et al., 2014; 

Deyà‐Tortella et al., 2016; Hung et al., 2017).  

In our study, we aim to examine if water users may respond to a possible but uncertain 

price adjustment before the change occurs. The ex ante effect is not identifiable through the 

classic methods used in the price elasticity literature, because there is no price variation during 

the period when the ex ante effect may occur. To overcome this issue, we follow the event study 

literature (Wooldridge, 2009) and utilize a policy variable indexing the major periods of the tariff 

adjustment procedure. This method has been adopted in several economics articles (e.g. 

Whittington et al., 1990; Fair, 1996; Krupp and Pollard, 1996; Davis, 2008; Crump et al., 2011; 

Caporale and Poitras, 2014). A policy index variable might be constructed as: 𝟏[𝑝1 > 𝑡 > 𝑝2], in 

which 𝑝1and 𝑝2 are the dates that define the time period when a policy of interest is implemented. 

Following the above-mentioned empirical studies, we construct a factor variable that indexes the 

period before the water tariff adjustment proposal was revealed to the general public, the period 

when the water tariff adjustment proposal was discussed (by TWRRC and the City Council), and 

the period since it was put into execution.  

The policy effect estimates obtained from this method, however, could be biased if 

potential confounding effects are not well addressed (Davis, 2008). If a component of the 

dependent variable, varying with the time periods of policy discussion and implementation 

procedure, is left into the unobserved error term, the correlation between the error term and the 

policy index variable violates the assumptions required for the classic OLS estimation method. 

To address the potential confounder problem, we incorporate a set of time-fixed effect variables 

in the model. That is, factor variables of year and month are used to capture the unobserved time 
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specific effects as suggested in Wooldridge (2009). Anderson (2014) similarly includes such 

time fixed-effect variables to improve the estimates’ accuracy.  

Thus, we estimate the equation for each sector s as the following: 

ln⁡(𝑌𝑡
𝑠) = 𝛼 + 𝜷𝑿𝒕 + 𝜸𝑷 + 𝜀𝑡 (1) 

In equation (1), 𝑌𝑡
𝑠 is water use quantity for sector s in month t, and 𝑷 indexes three time periods: 

pre-policy discussion period (i.e. before June 2015), policy discussion period (i.e. June 2015 ~ 

March 2016), and the period with new tariff implemented (i.e. after March 2016). The new tariff 

structure was formally put into effect in March 2016. Considering the effect due to lagged ex 

post price information on water bills (Arbués et al., 2003), the policy implementation period is 

defined as April 2016 to June 2019. We also consider alternative definitions for the discussion 

period to address the potential difference in the probability of the tariff proposal being approved 

over the period. We describe these alternative definitions in next section. 𝑿𝒕 is a vector of control 

variables. We refer empirical studies of water use to choose factors that could influence such as 

decision (see e.g. Hansen & Narayanan, 1981; Miaou, 1990; Arbués et al., 2003; Dalhuisen et al., 

2003; Wong et al., 2010; House‐Peters and Chang, 2011; Booker et al., 2012; Parker & Wilby, 

2013). In addition, 𝑿𝒕 includes monthly and yearly time fixed-effect variables to absorb potential 

time-specific confounders.  

General tests for time series data are conducted to select a proper estimation method. We 

first test stationary of the dependent variables. The Augmented Dickey-Fuller (ADF) and 

Kwiatkowski-Phillips-Schmidt-Shin (KPSS) tests both suggest no unit root in the dependent 

variables. We then investigate potential autocorrelations. In household and government sectors, 

the residuals obtained from the fitted model exist autocorrelations according to Durbin’s 

Alternative and Breusch-Godfrey tests (Wooldridge, 2009). We thus use Cochrane-Orcutt type 

of Feasible Generalized Least Square (FGLS) estimation to address this issue in the error term 

(Wooldridge, 2009), while OLS is applied for estimating the commercial sector’s equation.  

 

Empirical Results 

The regression results of equation (1) are reported in the top panel of Table 3. Our results 

show that, during the water tariff deliberation period, monthly water use approximately 
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decreased for 3.8%, 4.0%, and 6.6% (at 90% confidence level) in household sector, commercial 

sector, and government sector, respectively. Although the water users did not have perfect price 

information  regarding how future water tariff would be increased, their water use behaviors had 

changed, suggesting the existence of ex ante information effects. 

The coefficients of “Implementation” are significant (at 95% level) for commercial sector 

and government sector, while the coefficient for household sector is not significant (at 90% 

level). The coefficient suggests, after March 2015, the monthly water use in commercial sector is 

approximately 8% less than the base period, about twice of the scale of the “Discussion” 

coefficient. This is also the case for the government sector’s “Implementation” coefficient.  

This is consistent with our expectation given the approved content of Taipei’s water tariff 

adjustment. As mentioned in the prior section, the final tariff schedule targeted at the water users 

of large volumes, mostly in commercial sector, while smaller users, mostly in the household 

sector, face minor price increases. In addition, the users in government sector are prone to follow 

governments’ policies. Thus, it is not surprised to find the “Implementation” coefficients of the 

two sectors are significant. It is likely that these users expected lower rates in their blocks during 

the discussion period. Thus, they continued to decrease their water uses after the water tariff was 

eventually set to a higher price. 

The insignificant “Implementation” coefficient in household sector is also consistent with 

the theory. As this sector is constituted by small water users, these users have no incentive to 

reduce their water uses when the approved new tariff schedule, on average, did not or trivially 

increased the block rates of small volumes. This result validates that water users were not sure 

eventually how the City Council would make their decision. Thus, they took scenarios of various 

price increase levels into consideration and thus decreased their water consumption in respond to 

an “expected price increase” during the discussion period.  

 The coefficients of the rest independent variables, such as “Temperature” and “CPI”, are 

not significant. This is likely due to multicollinearity with index variables of year and month 

fixed effects. The variance inflation factors (VIF) for these variables are all larger than 100, 

suggesting the existence of potential collinearity. As the presence of multicollinearity lead to 

large standard errors, the significance of the ex ante effect coefficients is not changed. We 

conduct regressions with a simple model specification in which only time index variables are 
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included to reduce the multicollinearity. The results are reported in the bottom panel of Table 3. 

From these results, we find the same conclusion for the existence of ex ante information effect, 

given the similar significance for the coefficients of “Discussion” and “Implementation”. The 

scale of these coefficients are close to the coefficients estimated in equation (1), implying that 

the effects of those removed control variables are absorbed by the time-fixed effects variables. 
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Table 3 Key Estimation Results 

 Full Model 

 (1) (2) (3) 

 HH COM GOV 

Temperature -0.001 

(0.002) 

-0.003 

(0.003) 

-0.003 

(0.004) 
CPI -0.004 

(0.005) 

-0.004 

(0.006) 

-0.004 

(0.007) 
Business Revenue 0.110* 

(0.062) 

-0.035 

(0.075) 

-0.023 

(0.081) 
HH Scale -0.463 

(0.538) 

-0.440 

(0.658) 

0.651 

(0.630) 
User Account 0.002*** 

(0.000) 

0.004*** 

(0.001) 

0.048 

(0.032) 
Discussion (June 2015 – March 2016) -0.038** 

(0.018) 

-0.040* 

(0.022) 

-0.066** 

(0.028) 
Implementation (After March 2016) -0.049 

(0.032) 

-0.080** 

(0.033) 

-0.144*** 

(0.052) 
CONST 8.204*** 

(1.575) 

10.539*** 

(1.441) 

6.569*** 

(1.466) 

N 197 198 197 

adj. R2 0.815 0.972 0.871 

F 47.451 236.687 38.848 

 Model with Time Fixed Effects Only 

 (1) (2) (3) 

 HH COM GOV 

Discussion (June 2015 – March 2016) -0.037* 

(0.019) 

-0.060*** 

(0.023) 

-0.066** 

(0.027) 
Implementation (After March 2016) -0.049 

(0.031) 

-0.120*** 

(0.031) 

-0.140*** 

(0.049) 
CONST 10.323*** 

(0.016) 

8.750*** 

(0.019) 

7.982*** 

(0.021) 

N 197 198 197 

adj. R2 0.781 0.958 0.869 

F 39.994 214.423 38.119 

Note: 1. Results in columns (1) and (3) (household sector and government sector) are estimated by FGLS while the 

results in column (2) are estimated by OLS. 2. Standard errors are estimated by cluster robust estimator. 3. Estimates 

of time fixed effects are omitted. 4 Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01 

 

Tariff Adjustment Signal Strength 

As the water tariff adjustment procedure evolved through different stages described in 

Table 1, the time window defines the index variable “Discussion” could imply a varying 
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possibility of future price change. The estimates of “Discussion” might thus be sensitive to the 

time period that defines this index variable. We conduct further regressions using an alternative 

definition for the discussion period to address this concern. First, we separate February and 

March of 2016 from the discussion period as the City Council approved the modified water tariff 

plan in January 2016.4 Under this shorter time window, the water users were totally unsure if the 

tariff adjustment proposal would be approved and, if approved, how the prices in each water use 

block might increase. The policy implementation period remains the same. Using this redefined 

time window for the “Discussion” variable, we conduct the regressions and report the results in 

the top panel of Table 4. Given these results, we find the same conclusions regarding ex ante 

information effects. 

Considering the signal strength of water price increase may vary during the discussion 

period, we further separate this window into two. The first time-window is the period when the 

tariff adjustment proposal was announced and under the TWRRC’s review, and the second is 

when it was then sent to the City Council for approval (Table 1). Thus, we replace the 

“Discussion” variable by “Discussion 1” indexing the period under TWRRC’s review and 

“Discussion 2” for indexing the period after the proposal sent to the City Council for their 

approval. As prior adjustment proposals had been denied by the City Council many times, 

submitting an adjustment proposal to the Council could be a stronger signal of the City 

Government’s attitude toward increasing water price.  

The results are reported in the bottom panel of Table 4. The coefficients of “Discussion 1” 

are significant for both household and government sector, suggesting that users of the two 

sectors already responded to the price adjustment information during the period when the 

proposal was just under TWRRC’s review. Instead, the commercial sector’s water use during 

this period TWRRC review period was not significantly changed (at 10% confidence level). For 

the period when the proposal was discussed by the City Council, we find similar ex ante effects 

to the results reported in Table 4, as the coefficients of “Discussion 2” are all significant. The 

coefficients of “Implementation” are only significant for the commercial and government sectors, 

similar to the estimates reported in Table 3. Thus, these results together suggest that, both the 

household sector and government sector were sensitive to the information of a possible price 

 
4 There could exist slight uncertainty of water tariff adjustment policy because there were cases that the governments 

in Taiwan revoked policies approved by the councils due to strong oppositions.  
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adjustment, leading to ex ante water use decreases during both TWRRC and the City Council 

discussion periods. The commercial sector is found to be responsive after a stronger signal of 

water tariff adjustment was shown. This could be because: 1) commercial sector’s water saving 

actions required a longer time to be realized; 2) these users initiated their responses until a higher 

probability of the price adjustment was perceived; or both. No matter what, we find ex ante 

information effects under alternative definitions of discussion period.  

 

 

Table 4 Key Estimation Results: Alternative Definition of  Discussion Period 
 (1) (2) (3) 

 HH COM GOV 

Pre-Approval    

Discussion (June 2015 – Jan. 2016) -0.038** 

(0.037) 

-0.040* 

(0.075) 

-0.065** 

(0.020) 

Implementation (After March 2016) -0.032 

(0.268) 

-0.061* 

(0.060) 

-0.092* 

(0.079) 

TWRRC & City Council Discussions    

Discussion 1 (June 2015 – Sept. 2015) -0.038* 

(0.021) 

-0.035 

(0.029) 

-0.063** 

(0.031) 

Discussion 2 (June 2015 – Jan. 2016) -0.039** 

(0.018) 

-0.047** 

(0.020) 

-0.068** 

(0.028) 

Implementation (After March 2016) -0.032 

(0.029) 

-0.068** 

(0.031) 

-0.096* 

(0.053) 

Note: 1. Results in columns (1) and (3) (household sector and government sector) are estimated by FGLS while the 

results in column (2) are estimated by OLS. 2. Standard errors are estimated by cluster robust estimator. 3. Estimates 

of time fixed effects and “after approval period” are omitted. 4. p-values in parentheses * p < 0.1, ** p < 0.05, *** p < 

0.01.  

 

Conclusions and Discussions 

This study investigates water use during different periods through the entire process of 

2016 Taipei water tariff adjustment to examine if users respond to future water price 

information. Our empirical study finds that, the water adjustment information resulted in 3.8% 

~ 6.6% of monthly water use reductions in various sectors. For those who are averse to use 

water pricing as a tool for water conservation, the major argument is that water use is not 

responsive to water price. Yet, the current studies regarding to this issue are not conclusive 
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(Inman and Jeffrey, 2006; Olmstead, 2014). Our results show that water users are responsive 

not only to actual water price changes, but also to the information of future price adjustments. 

In specific, the household users reduced their water consumption once the price adjustment 

proposal was revealed. However, after they found out that their water block rate was unaffected, 

the household water consumption level went back to the previous level.   

As mentioned in the ‘introduction’ section, water price schedule is usually complicated so 

that users use their perceived price while making decisions. As a consequence, the water 

consumption level may not be optimal. Since water price variations do affect water 

consumption level as our findings confirm, in addition to providing actual price information to 

users as suggested by the existing studies (e.g. Binet et al., 2014; Ito, 2014), supplying future 

price information, such as setting a periodic date for water price review, can help users to adjust 

its water consumption accordingly to reach the optimal level. It is also of help that policy 

makers can set a more appropriated price adjustment mechanism to better achieve water 

conversation goals.   

 Because of data constraints, our findings have some limitations. Since water user panel 

data are not accessible, we are unable to take demographic or individual characteristics into the 

analysis, which are necessary for identifying the effects conditional on these factors. Thus, while 

some users might be more responsive, our results only capture each sector’s averaged responses 

to the water tariff adjustment.   
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Appendix  
 

A.1 Potential Drought Perception Effect 

One may concern that the significant water use decrease during the policy discussion 

period is a persistent effect due to the perception of drought in the spring of 2015. Although 

Taipei was not impacted by the drought, perceiving the event in its neighboring cities could 

trigger water saving activities. This perception effect is unlikely to happen or to be persistent into 

the discussion period of our interest. First, the drought in the nearby region of Taipei metropolis 

was ended in May (Zhu et al., 2015), which is before the water tariff adjustment proposal was 

announced. Second, if any drought perception effect may occur, it should have been addressed 

by controlling monthly weather variations in equation (1).  

We add a variable indexing the three months prior to the discussion period (i.e. March 

2015 – May 2015) to investigate if a drought perception effect may exist in Taipei metropolis 

water use. If the water use decrease in the discussion period was due to persistent drought 

perception effect, such a perception effect should also exist during this three-month period when 

the drought was most severe and the water rationing mandate was imposed in the neighboring 

cities. Note that, as described before, Taipei metropolis was not impacted by the drought as 

TWD’s water storage was sufficient. 

The regression results with this additional drought index variable are reported in Table 

A1. For both household sector and commercial sector, water use during the spring of 2015 was 

not significantly less than before. Thus, on average, both residential and commercial water users 

in Taipei were not affected by perceiving the drought conditions. The government sector’s water 

use significantly decreased (at 99% level) during the drought period, implying that the water 

users in the government sector could respond to a social milieu of saving water during drought. 

At least, we find no evidence suggesting the potential “drought perception” effect causing the 

water use decrease in the household sector and commercial sector. 
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Table A.1 Key Estimation Results: Considering Drought Perception  

 (1) (2) (3) 

 HH COM GOV 

Spring 2015 (March – May) 0.005 

(0.023) 

-0.034 

(0.026) 

-0.103*** 

(0.022) 

Discussion (June 2015 – March 2016) -0.035** 

(0.017) 

-0.060*** 

(0.018) 

-0.127*** 

(0.016) 

Implementation (After March 2016) -0.046 

(0.030) 

-0.101*** 

(0.029) 

-0.207*** 

(0.045) 

Note: 1. Results in columns (1) and (3) (household sector and government sector) are estimated by FGLS while the 

results in column (2) are estimated by OLS. 2. Standard errors are estimated by cluster robust estimator. 3. Estimates 

of time fixed effects are omitted. 4. p-values in parentheses * p < 0.1, ** p < 0.05, *** p < 0.01.  

 

A.2 Placebo Regressions 

 We further use the data prior to the start of discussion period (June 2015) for placebo 

regressions to verify if there exist unobserved confounders during the specific seasons 

corresponding with the discussion period. In the placebo regressions, the “discussion period” is 

shifted to the same time frame in earlier years, such as June 2012 ~ March 2013.  The 

“implementation period” is correspondingly set to April 2013 ~ May 2015. Two additional years 

are used for alternative scenarios of placebo regressions: 2011 ~  2012 (Placebo 2) and 2010 ~ 

2011 (Placebo 3).  

The regression results of three placebo scenarios (Table A.2) suggest no ex ante 

information effect. The only significant coefficient is the “Implementation” coefficient for 

government sector in the Placebo 1 scenario, which is likely due to other conservation policies 

implemented during the period. The coefficients of “Discussion” and “Implementation” in 

household and commercial sectors from all three placebo regressions are all insignificant, 

suggesting no unobserved confounders specifically exist corresponding to the “discussion 

season”.  
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Table A.2 Key Estimation Results: Placebo Regressions Using Data Prior to June 2014 
 (1) (2) (3) 

 HH COM GOV 

Placebo 1    

Discussion (June 2012 - March 2013) 0.006 

(0.016) 

0.003 

(0.018) 

0.008 

(0.016) 

Implementation (After March 2013) -0.001 

(0.025) 

-0.021 

(0.028) 

-0.054* 

(0.029) 

Placebo 2    

Discussion (June 2011 - March 2012) -0.004 

(0.010) 

0.025 

(0.021) 

0.012 

(0.027) 

Implementation (After March 2012) -0.004 

(0.022) 

0.038 

(0.030) 

0.039 

(0.034) 

Placebo 3    

Discussion (June 2010 - March 2011) -0.016 

(0.022) 

0.014 

(0.020) 

-0.008 

(0.021) 

Implementation (After March 2011) -0.018 

(0.026) 

0.034 

(0.032) 

0.019 

(0.029) 

Note: 1. Results in columns (1) and (3) (household sector and government sector) are estimated by FGLS while the 

results in column (2) are estimated by OLS. 2. Standard errors are estimated by cluster robust estimator. 3. p-values 

in parentheses * p < 0.1, ** p < 0.05, *** p < 0.01.  

 

 


