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Why Study Water? 

• Water can be a scarce resource, 
particularly in certain places at certain 
times.  

– In the U.S., upwards of 66% of the population 
lives in areas vulnerable to water shortages 
(Padowski and Jawitz 2012).  

• Understanding both water use and 
conservation efforts can help ensure that 
limited supplies can meet the demands of 
a growing population and economy.  
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Why Study Water Use by 

Manufacturing? 

• In the U.S., fourth largest water use. 

– Roughly on par with domestic/residential use. 

• Unlike some other uses, recirculation is a 
distinct possibility. 

– Recirculation reduces the need for new water 
intake. 

• Reducing industrial water intake by just 1% 
(through increased recirculation or otherwise) 
would leave untouched enough water to 
serve 2.3 million people. 
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Relatively Neglected in Economics 
• Industrial water use has received relatively little attention in the 

economics literature, relative to agricultural, residential, and recreational 
uses.  

• Series of papers from 1992-2013 by Steven Renzetti, Joel Bruneau, 
and Diane Dupont that use microdata from Canada’s Industrial Water 
Use Survey. 
– Negative own-price elasticity for water intake. 

– Water recirculation is a substitute for both water intake and water discharge. 

– Larger firms are more likely to self-supply water.  Costs matter too.  

– Water intake is a substitute for water recirculation, labor, energy, and 
capital. 

– Water recirculation is a substitute for labor; complement to energy and 
capital.  

– Recirculation is more prevalent in larger plants, when water intake must be 
treated prior to use, in certain water-intensive industries, and in drier 
regions.   

– Reciruclation depends on the price of intake water and the price of water 
treatment prior to discharge. 

• No similar studies for U.S. manufacturing because of the lack of 
comprehensive survey data. 
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Water Use in U.S. Manufacturing 

• In 2005, the U.S. manufacturing sector self-
supplied 18.2 billion gallons of water per day 
(4.4% of total water withdrawals). 

– Additional water is supplied by ‘public’ suppliers. 

– About 82-89% of water is self-supplied.   

• Water is used for multiple purposes: 

– Clean, cool, and convey intermediate inputs 

– Embedded in final product 

– Generate steam for electric power generation 

– Domestic purposes (drinking, sanitation) 
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• “Process water is all water that comes directly in contact with products and/or materials, 
including water which is consumed in the manufacturing of products.” 

• Other cooling and condensing includes water used “in conjunction with the operation of 
process equipment, but which does not come in direct contact with products or 
materials.”  
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Gross Water Use and Water Intake in U.S. Manufacturing, 1954-1983  

• Aggregate water use by U.S. manufacturing rose from 1954 to a peak in 
1978 

• Aggregate water intake by U.S. manufacturing peaked in 1968 (a decade 
earlier)  
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Water Recirculation in U.S. Manufacturing, 1954-1983  

• In 1954, each gallon taken in by the manufacturing sector was used 1.82 
times.   

• This “circulation rate” peaked in 1978 at 3.42. 

• During this time, the percent of manufacturers recirculating water more or 
less declined.  
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The Survey of Water Use in 

Manufacturing (SWUM) 
• Conducted on seven occasions from 1954 to 1983. 

• Every 5 years, in the Census of Manufactures, every 
establishment was asked: 

 

 

 

 

 

 

• Those reporting more than 20 million gallons received the 
SWUM the following year. 
– Upwards of 97% of the water withdrawn by the manufacturing 

sector is by the 3-4% of plants that use 20+ million gallons. 
• 34-43% of manufacturing employment and 47-54% of value added. 

 

 

 
11 



12 



New Old Data 
• The SWUM was among the many historic data files recovered by CES 

in 2009-2010. 

• Numerous challenges: 
– Arcane, proprietary format (CENIO) 

• Files could not simply copied to another system. 

• Success rested on an old, faltering mainframe. 

– Data within a file were completely unstructured 
• For the 1973 SWUM, half the record layout is missing. 

– However, the position of items on the survey form and the published aggregate statistics 
both allow one to deduce variables  

• For the 1978 SWUM, there are two record types within the file:  establishment-wide 
data and item-specific data. 

– Data employed multiple, now-esoteric character codes within a record. 
• FIELDATA (1973) 

• Excess-3 (1978) 

• Binary integer (1973 & 1978) 
– Extraction yielded fields consisting of a base-64 6-character string with a combination of 26 

letters, 10 numeric characters, and 28 symbols and special characters. 

– For example:       @@^R;8     = 1,146,616 

• SWUM samples 
– 1973: 10,700 manufacturing plants (plus 1,690 in mineral industries) 

– 1978:   9,600 manufacturing plants (plus 1,060 in mineral industries) 
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Results 

• Controlling for industry, gross water use 

intensity (gross water use divided by value 

added) suggests that water use is largest 

for larger establishments.   

– At least two phenomena underlie this result 

• Number of purposes 

• Recirculation 
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Water Use by Purpose 

• Controlling for industry, the very largest establishments (with 2500+ employees) use water for 1.92 
more purposes than the smallest establishments. 

• For all 6 purposes, the probability that water is used for particular purpose increases monotonically 
with establishment size.   

• The share of water used for different purposes: 
– Increases with establishment size:  steam electric power generation, air conditioning, and other cooling and 

condensing 

– Decreases with establishment size:  process, sanitation, and boiler feed  
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Water Circulation Rate 

• Larger establishments are also found to recirculate water more, implying 
greater use without necessarily greater intake.  

– Controlling for only industry, water circulation rate increases monotonically with 
establishment size. 

– The largest establishments (with 2500+ employees) use each gallon of water 89% 
more than the smallest establishments. 

– Result is robust to the addition of other explanatory variables.... 
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Water Circulation Rate 

• Primary source of water 
– Results suggest that when self-supplied water is the primary source of an 

establishment’s water – whether surface water, groundwater, or tidewater – the water 
circulation rate is lower than when water is from public systems (the omitted category). 

• Recirculation is particularly low among establishments in which tidewater and surface water are 
primary sources. 

• This suggest that, for some manufacturing plants, the cost of pumping (and treating) their own 
water is so low that  

– (i) they choose to self-supply water in the first place, and  

– (ii) there is less incentive to invest in recirculation.  
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Water Circulation Rate 

• Environmental regulation 
– The more heavily regulated a facility’s water pollution discharges are, the more it may 

recirculate water (as a substitute for discharge).  

– Proxy:  The percent of an establishment’s water discharge that was treated.  
• No discharged water was treated: about 50% of cases 

• All discharged water was treated:  about 14% of cases 

– Results suggest that regulation indeed has a statistically significant positive effect on 
the water circulation rate. 
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Water Circulation Rate 

• Geography (additional regulatory effects, water scarcity, and other impacts) 
– Inclusion of dummy variables for the 50 states and for 20 industrial water use regions 

has relatively effect on findings.  

– County average daily precipitation: 
• Negative, as might be expected, but not statistically significant . 

– This suggests that the aridity of a manufacturing plant’s locale does not impact its water circulation rate, 
at least not above and beyond any effect captured by the controls for state and river basin. 

– Padowski and Jawitz (2012) have noted that there can be a disconnect between local conditions and 
water availability, due to the presence of rivers and manmade water infrastructure. 
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Water Circulation Rate 

by Establishment Size 
• With this full set of explanatory variables: 

– Positive, monotonic relationship between establishment size 
and water circulation rate 

– The largest establishments (with 2500+ employees) use 
each gallon of water 104% more than their smallest 
counterparts (with 1-99 employees). 

– The circulation rate among these largest establishments is 
36% greater than the next category of plants (1000-2499)... 

– Which is 15% than the next category (500-999 employees)... 

– Which is 4% greater than the next category (250-499)... 

– Which is 13% greater than the next category (100-249)... 

– Which is 10% greater than the smallest category. 

– Establishments belonging to multi-unit firms are found to use 
water 13% more times.   
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Water Circulation Rate by Purpose 

• No effects:  Sanitary services 

• Increases with establishment size (mostly): 
– Process 

– Air conditioning 

– Other cooling & condensing 

• Highest for largest:  Boiler feed 

• Increases to a point:  Steam electric power generation  (max at 1000-2499) 
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(Preliminary)  

Conclusions 

• Water use per unit of output is largest for the largest 
establishments. 

– Larger establishments use water for more purposes. 

– Larger establishments recirculated water more — 
implying greater use without necessarily greater intake.  

• Water circulation is also found to be: 

– Lower when water is self-supplied. 

– Higher when treatment of discharged water is high. 

– Unaffected by the aridity of a locale. 

• Certain purposes dominate both overall water use 
as well as recirculation. 
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Future Work 

• Explore other items collected on the SWUM. 

• Use data from the 1978 SWUM. 

• Link data from the 1973 and 1978 SWUM 
– Who adopts (or abandons) certain water uses 

and recirculating technologies? 

• Examine relationship with:  
– Productivity  

– Capital intensity 

– Energy use 

– Plant age 
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