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Abstract 

 

For about seventy years, the Canadian Wheat Board (CWB) was one of the world’s largest export 

“single desk” state traders in agriculture, until it was deregulated in 2012 and stripped of its 

marketing powers. One of the main crops controlled by the CWB was barley. We estimate the 

impact of the removal of the CWB’s single desk on the spatial pattern of malting barley production 

in Western Canada. We find that deregulation encouraged growers located closer to malt barley 

processing plants to increase production relative to growers located further from the plants. This 

change in cropping patterns after deregulation can be explained by efficiency gains, combined with 

transportation and handling cost savings. 
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State Trading Enterprises (STEs) were once prevalent in many sectors, especially agriculture, and 

the effects of deregulating STEs are of interest because of the difficulty associated with measuring 

their true market impact while they were operating (Horlick and Mowry, 1998). A large STE, with 

annual sales between CAD$4 to $8 billion (CWB 2012), the government-operated Canadian 

Wheat Board (CWB) was deregulated in 2012. We evaluate the impact of the removal of the 

CWB’s statutory marketing powers on the production of malting barley1 in the prairie provinces 

of Alberta, Saskatchewan and Manitoba.2 A natural experiment, this major institutional change 

meant that growers on the Canadian Prairies were no longer required to sell their malting barley 

to the government. Instead, growers could now deal directly with buyers through negotiations on 

price and other marketing arrangements such as delivery method, quality standards, storage costs, 

and timing of delivery.  

     Prior to 2012, the CWB purchased and sold all Canadian barley destined for malt (a major input 

used to brew beer) and prairie growers received the same “pooled” crop year price, for a given 

quality, adjusted for a transportation fee. The CWB had monopsony buying power over the 

growers, and at the same time it was a monopoly seller of malting barley grown on the Canadian 

prairies. Through its role as “single buyer”, the CWB controlled how much malting barley was 

sold by Canadian growers into domestic and export markets in any given crop year. Further, the 

CWB effectively controlled the amount of malt that could be sold by each malting barley processor 

in the domestic and foreign markets they served. In effect, the CWB controlled the maltsters price-

cost margins and their volume of sales. And the maltsters supported the CWB single desk regime, 

even though it was a monopoly they were buying from.  

Under the CWB monopoly system, the actual transportation costs of each malt barley 

shipment were pooled and deducted from the overall annual pool returns.  Freight charges, 

regulated by the government, correlated strongly with the distance from each prairie delivery point 

to seaport. This meant that the farm gate price of malt barley received by growers located beside 

a local malt plant did not reflect its proximity to the plant. Furthermore, if two growers were in 

different locations but were equidistant to seaport, each year they received the same farm gate 

                                                 
1 Malting barley is processed for malt, used in beer production. If barley is not selected for malting then it is sold 

into the lower priced feed barley market and is fed to animals.  
2 In 2012 the CWB lost its statutory marketing rights for both barley and wheat. In this study we focus on the 

impacts of deregulation on the malting barley market. The CWB had a full monopoly on malting barley, while their 

monopoly powers on feed barley only applied to exports.  
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price, irrespective of their relative distances to the nearest malt plant. The pooling concept 

therefore distorted the incentive for farms close to malt plants to specialize in malt barley, which 

would have otherwise occurred given their locational advantage. The purpose of our paper is to 

evaluate whether the change in grower incentives after 2012 led to a change in the spatial pattern 

of malt barley production. 

     We analyze the role of proximity to a malting plant on the change in acres planted to malt barley 

varieties using a panel regression analysis, covering up to 447 Rural Municipalities over the period 

2008-2016. We find that the removal of the CWB marketing power had a significant impact on 

the spatial distribution of malt barley production, with a shift towards production in areas 

geographically closer to malting plants. This change in cropping patterns is robust to a variety of 

controls. The point estimates suggest that malt barley acreage expanded by five percent for every 

100 km closer a rural municipality (RM) is to the nearest malt barley plant. 

This study contributes to a literature that analyzes the impact of government regulation on 

agriculture. Compared to a competitive benchmark, export STEs can theoretically distort both the 

domestic and international markets. However, conclusions regarding economic effects of specific 

STEs are difficult to establish because of their opaque nature of operation and the difficulty of 

ascertaining the specifics of their objective function (McCorriston and MacLaren 2013).  

As a government agency, the CWB was not necessarily maximizing profits (Hoekman and 

Trachtman 2008). While the theoretical possibility of manipulating export markets existed, in 

practice the CWB was established for public-policy purposes, including income redistribution to 

achieve equity and to generate political support for the continuation of the agency’s powers. This 

involved distorting market signals to growers through price and cost pooling. In fact, Carter, 

Loyns, and Berwald (1998) argued that most of the effects of the CWB were domestic 

(inefficiencies). In the case of the Australian Wheat Board (AWB), also now deregulated, 

McCorriston and MacLaren (2007) also found the main market impact was domestic. This paper 

is the first to our knowledge to study the domestic impacts of the restoration of market signals to 

growers after the removal of a STE. 

Our finding that STE deregulation leads to a greater geographic specialization in the 

production of malt barley relates directly to the Ricardian concept that free trade allows regions to 

specialize according to comparative advantage. Several studies have shown both theoretically and 

empirically that lower trade costs permit gains from specialization in agriculture (Costinot and 
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Donaldson 2016, Donaldson and Hornbeck 2016, Cosar and Fajgelbaum 2016, Sotelo 2016, 

Fajgelbaum and Redding 2017, Donaldson 2018). While these studies exploit the effects of 

infrastructure and policy changes in countries during their development phases, our analysis is 

unique in that we study the impact of a contemporary policy change in a developed country. Our 

work also contributes to a growing literature studying the misallocation of production due to 

domestic policy distortions, which has been shown to have large quantitative impacts on aggregate 

efficiency (Hsieh and Klenow 2009). Khandelwal et al. (2013) find, for example, that the 

reallocation of resources due to a Chinese institutional reform amplified the benefits to China 

associated with removing quotas on textiles under the Multifiber Arrangement. Finally, our work 

contributes to previous literature studying the impact of policy distortions on agricultural 

specialization and production incentives (Peterson and Valluru 2000, Anderson et al. 2008). 

 

Malt Barley Marketing in Western Canada 

The malt barley market 

Grain and livestock production remain a large component of the provincial economies in Alberta, 

Saskatchewan and Manitoba. Barley is grown both for use as malt and for use as a feed for 

livestock. The variety of barley grown on each farm is determined by its intended end use, as 

maltsters have very specific requirements on the varieties they purchase. However, growing a 

barley variety deemed suitable for malt is not sufficient to guarantee acceptance as malt, as there 

are strict quality guidelines in terms of protein content, plumpness and other quality measures that 

must be met in order for a grower’s barley to “go malting”. The share of barley that is actually sold 

as malt barley is called the “selection rate”. The selection rate varies from year to year, depending 

on supply-side factors such as weather, and also demand-side factors. 

Growing barley that meets malt quality criteria requires special weather conditions combined 

with careful management practices.3 Hot and dry conditions lead to protein content that is too high, 

and drought can adversely affect the plumpness of the kernels. Excessive rain harms quality, 

especially heavy rain in August, just prior to harvest. The weather-dependent nature of malt barley 

production means that there is an element of uncertainty facing growers in producing malt quality 

                                                 
3 Personal communication with Professor Aaron Beattie, Department of Plant Sciences and Crop Development 

Centre, University of Saskatchewan, April 4, 2017. 
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barley each year. Modern growers store their barley in special aeration bins in order to maintain 

malting quality prior to delivery to a malting plant. 

     There are four malt plants located on the Canadian prairies: Canada Malt (Calgary, Alberta), 

Rahr Malt (Alix, Alberta), Prairie Malt (Biggar, Saskatchewan) and Malteurop (Winnipeg, 

Manitoba). The malt barley plants are generally located in areas that are conducive to producing 

malt barley, but their geographic location is also affected by proximity to downstream brewers. 

Outside the prairies, Canada Malt also has malting plants in Montreal, Quebec and Thunder Bay, 

Ontario, and Gambrinus is located in Armstrong, British Columbia. The malt produced in the 

Canadian plants is sold to local brewers or exported. Canadian malt exports totalled 616 thousand 

tonnes in 2016, with the U.S., Japan, Mexico and South Korea as the top destinations (UN 

Comtrade 2017). Just outside of Canada, Malteurop also has a malt plant in Great Falls, Montana, 

while Cargill and Anheuser-Busch have facilities near Fargo, North Dakota. Figure 1 shows the 

location of malt barley plants in Canada and the U.S. Northern Great Plains. 

 

How malt barley was marketed through the CWB 

Until August 2012, barley grown in the “designated area” of Western Canada (Manitoba, 

Saskatchewan, Alberta, and the Peace River region of British Columbia) and sold for human 

consumption had to be marketed via the CWB. The CWB sold malting barley destined for three 

different markets: (a) the domestic malt market (about 20% of sales), (b) the foreign malt market 

(about 30% of sales), and (c) the foreign malting barley market (about 50% of sales).  Growers in 

the designated area could only access these markets by delivering malting barley to country 

elevators or processors at the behest of the CWB. For the grower, market access was regulated 

through non-price mechanisms, which is why many prairie growers perceived the CWB’s malting 

barley acquisition policy to be inefficient (Crawford, De Pape, and MacKenzie, 2012). The non-

price mechanisms were modified over time, particularly in the years just prior to the removal of 

the monopoly. In this section we describe in broad terms how the bureaucratic system worked and 

we note changes that were made in the waning years of the monopoly. 

The CWB fulfilled all export and domestic malting barley orders on demand and called-up 

malting barley from growers when the grain was needed to meet those orders. An elaborate 

delivery “contracting” system and use of grower permit books were used by the CWB to regulate 

grower deliveries of malting barley. Because it had a domestic monopoly, the CWB offered 
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growers the possibility of a higher price for malting barley (compared to feed barley), for that share 

of their output selected for the malt market.  However, the growers did not know the final price 

received for their malting barley until months after delivery because receipts from CWB sales were 

pooled over the crop year and producers received only an “initial payment” at the time delivery, 

and that price was established by the Government of Canada. In contrast to the regulated malting 

barley and export feed barley markets, there was an open market for feed barley sold within 

Canada.   

Domestically, the maltsters selected malting barley from samples submitted by farmers 

through the grain elevator companies.  For malting barley exports, the accredited exporter (i.e., a 

grain company) that was connected to the sale made the selection.  The CWB oversaw the selection 

process and all barley selected had to have a quota or, in the latter years under the monopoly they 

had to have delivery contract space. Even though maltsters (or accredited exporters) were 

performing the selections, sales were handled through elevator companies.  Farmers gave grain 

companies their samples who then would send them to the malt barley selector for selection. If 

their barley was selected, a farmer received the malt barley initial CWB price basis Vancouver in 

the west or the St. Lawrence seaway in the east, minus the rail freight cost from his location and 

minus country elevation and cleaning. In the latter years of the CWB monopoly, the maltsters were 

selecting directly from farmers; but country elevation was still deducted even if the barley did not 

pass through an elevator on the way to the malt house. 

The maltster paid whatever the CWB demanded – unrelated to the initial payment received 

by the farmer.  If a grower’s malting barley met the quality standards established by the selectors 

then the elevator companies could call up part or all of the grower’s malt barley crop for delivery, 

but there was no obligation to do so. In fact, a large share of malting barley was not accepted for 

malt and the pooling concept meant that the CWB did not discriminate on the basis of proximity 

to malting plants when determining which farms would receive a premium price associated with 

malt barley over feed barley. This issue of fairness meant that in many years some growers sold 

no more than a single railcar (approximately 80 tonnes) of malt barley. This was due to the permit 

system, which was designed in part to spread malting barley purchases across the prairies. Malting 

barley would be selected from virtually each of the 42 crop districts on the prairies.  

A grower who had some malting barley selected would receive the pooled CWB price for malt 

barley delivered within a “crop year” (August 1st – July 31st). Price pooling meant that the price 
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at the farm gate equaled the crop year pooled price minus the cost of railway transportation and 

handling from the grower’s local elevator to seaport. The spatial variation in the deduction for 

railway transportation costs for malt barley in the last crop year of the CWB single desk (2011-12) 

is illustrated in Figure 2. In some years growers received an interim payment during the crop year 

(if prices strengthened considerably) and then a final payment about five months after the crop 

year was over. Sometime after the end of the crop year (July 31st) the pool was closed, and the 

CWB deducted its administrative expenses, interest costs, and other allowable expenses. Each 

producer received the same price (before freight deductions), no matter when the barley was 

delivered within a particular crop year, or when and where the CWB sold the barley. Pooling 

established returns for farmers that were “equitable”, both temporally and spatially (except for 

freight rate differences), in that all malting barley sold by growers to the CWB in a given crop year 

(August 1st to July 31st) received the same return before deductions for freight costs. This means 

that the price a grower received for their malting barley at a particular location did not necessarily 

reflect the price paid by the malting plant that received the barley, adjusted for freight costs. At 

the time of delivery, the initial price paid to the farmer typically did not reflect the dynamics of 

the market. The price farmers received was pooled – both domestic and export prices combined, 

so the price the farmer received was not the same as what the maltster paid. Sometimes good 

quality malting barley ended up in the feed market because the feed price was better than the initial 

malting barley price at the time and the selection rates were low. 

As mentioned above, maltsters and (malting barley) accredited exporters were responsible for 

the actual farm-by-farm selection process after harvest. In the later years of the CWB some malting 

barley was grown under a production contract (typically signed between a maltster and a grower) 

but the majority was grown without a contract. Industry sources indicate that about 60% of 

domestic maltster procurement was through production contracts, which works out to 

approximately 30% of the volume of grower sales of malting barley to the CWB at the time. The 

growers who signed a contract received the same pooled price as those growers without a contract. 

For those acres under production contract the farmer knew their barley had a higher probability of 

being selected if it met quality standards.  The vast majority of growers without a production 

contract were taking a chance that their barley would not be selected but the incentive remained to 

grow malting varieties because of the higher potential returns compared to the market for feed.  
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Growers faced another element of risk after signing the delivery contract under the auspices of the 

CWB. They had no idea when the “selected” barley would be “called forward.” Since the maltsters 

operate their plants year-round, and did not carry significant inventories, most of the selected lots 

were not called forward for several months. The “selected” barley had to meet quality criteria at 

the time of being “called forward.” Therefore, the grower ran the risk of germination damage 

during months of storage and then not meeting maltster determined germination requirements. In 

some cases, a grower’s barley was originally selected and then months later rejected at the time of 

call up, because it did not meet the maltster’s quality requirements. However, most ex-post 

rejections occurred because the barley being delivered was lower quality than the original farmer 

submitted sample for reasons other than germination. 

Essentially, therefore, most prairie barley growers played in a lottery operated by the CWB.  

The lottery worked as follows. Growers were free to plant either feed barley varieties, which had 

higher yields, or malting varieties that were lower yielding but potentially more valuable per 

bushel. If a grower’s malting barley met the quality standards, then it may have been selected, but 

there was no guarantee.  Ex ante, therefore, each grower did not know whether his or her crop 

would be selected and was literally taking a gamble. 

One of the CWB rules was that the growers could only offer a sample of malting barley to one 

company (i.e., to one maltster or one accredited exporter) at a time, after harvest.  Ex-ante, the 

grower had to guess which company provided the best chance of selection.  When a farmer 

submitted a sample under this scheme, the company had 45 days to accept or reject the barley. 

Afterwards, the farmer was free to submit through another company. These regulations reduced 

procurement competition among maltsters and accredited malting barley exporters. 

The CWB’s malting barley lottery encouraged growers to plant substantially more malting 

barley (and less feed barley) than would have occurred under a direct contract system. Under direct 

contracting, if an individual grower’s malting barley crop does not meet minimum malting quality 

standards, then the crop is sold for feed. However, if the crop met the prescribed quality standards 

then it would be selected for malt.  

The CWB placed no constraints on the area planted to malting barley varieties and so an 

average grower’s probability of success – selling malting barley at the malting barley price – was 

roughly equal to the ratio of the quantity of barley selected for malt processing to total malting 

barley production.  In making planting decisions about malting and feed barley, therefore, 
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Canadian growers evaluated the trade-offs between expected yield differentials, expected price 

differentials, and the probability that they will be winners in the CWB’s malting barley lottery (the 

expected selection rate).  If the expected pay-off from malting barley exceeded the expected pay 

off from feed barley, individual risk neutral growers would expand the area planted to malting 

barley, lowering the selection rate. Thus, while the selection rate was exogenous to any individual 

grower’s planting decision, it was endogenous to the planting decisions of the industry as a whole. 

As a result, relative to expected demand, Canadian growers planted a larger acreage to malting 

barley varieties than they would have under contracting.  This was favorable for the maltsters 

because it meant that a lower proportion of malting barley production was sold for malt processing 

and they could choose the “cream” of the crop in terms of quality.  

 

Malt barley marketing after the CWB monopoly 

The CWB’s authority to sell wheat and barley on behalf of growers officially ended on August 

1st, 2012 with the passage of Bill C-18, also known as the Marketing Freedom for Grain Farmers 

Act. Once growers were no longer compelled to sell to the CWB they could market their malt 

barley in the same way as they already marketed “non-board” grains such as canola. More and 

more growers began to contract directly with malting plants or sell to grain companies. When 

selling directly to malting plants, growers can now contract part of their malt barley crop during 

the winter and spring months (before planting), specifying a delivered quantity and price. For 

farms specializing in malt barley their selection rates increased and some are now typically 100%. 

Grain companies purchase the majority of malt barley that is destined for export, mostly through 

the spot market, or through contracts signed at the end of harvest. 

In many ways, the Canadian system of malt barley pricing and marketing is now similar to 

that in the United States. In the U.S., malting barley is generally produced under contract, although 

some is sold on the spot market.  Under a typical U.S. contract, a malting company agrees to accept 

a certain volume of barley from a grower (with first right of refusal on any overages) at a 

predetermined malting barley price as long as the barley meets the minimum malting quality 

standards defined in the contract.4 U.S. maltsters offer growers price premiums for malting barley 

                                                 
4 If these standards are not met, then the grower may default on the contract without penalty and dispose of the 

barley in the feed market at a lower feed barley price. Alternatively, the contract may be re-negotiated and the barley 

purchased by the malt processor at a price discounted for quality. 

https://en.wikipedia.org/w/index.php?title=Marketing_Freedom_for_Grain_Farmers_Act&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Marketing_Freedom_for_Grain_Farmers_Act&action=edit&redlink=1
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(over feed barley prices) partly because malting barley varieties have lower yields and partly 

because of production risks that may lead to rejection of malting barley for malting purposes 

(Wilson, 2009).   

 

Efficiency and Distributional Impacts 

We posit that the end of the CWB single desk affected the malting barley market in several ways. 

First, many growers no longer incur grain company handling and elevation fees for malting barley 

processed in Canada. The avoidance of handling and elevation fees would be passed on to growers, 

regardless of whether the farm was close or far from the malting plant. Second, the elimination of 

equitable delivery opportunities and elimination of mandatory freight charges to seaport for 

domestically-processed malting barley reduced the net price received by farms furthest way from 

malt barley plants. Third, growers that were more adept at producing quality malting barley could 

contract their crop in advance and be guaranteed a market for their malt barley as long as their 

harvest met the quality criteria. The increased ability to contract and improved price transparency 

reduced the marketing uncertainty associated with malt barley production and procurement, which 

enhanced the welfare of those growers focusing on malt barley.  

 

Empirical Methodology 

Our main analysis takes the form of a panel OLS regression. We employ the following 

specification for measuring the effect of the removal of the CWB monopoly on malting barley 

acreage in each Rural Municipality (RM): 

 

ln(𝑀𝑎𝑙𝑡𝐵𝑎𝑟𝑙𝑒𝑦)𝑖𝑡 = 𝛼 + 𝛽(𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑑𝑖𝑠𝑡𝑖 × 𝑝𝑜𝑠𝑡𝑡) + (𝑀𝐵𝑖 × 𝑝𝑜𝑠𝑡𝑡) + (𝐴𝐵𝑖 × 𝑝𝑜𝑠𝑡𝑡) + 𝛾1𝑍𝑖𝑡 +

𝛾2(𝑍𝑖 × 𝑝𝑜𝑠𝑡𝑡) + 𝛿𝑖 + 𝛿𝑡 + 휀𝑖𝑡 ,                                       (1) 

 

where ln(𝑀𝑎𝑙𝑡𝐵𝑎𝑟𝑙𝑒𝑦)𝑖𝑡 is the logged acres planted to malt barley varieties in Rural Municipality 

(RM) i in year t. 𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑑𝑖𝑠𝑡𝑖 is the distance (in kilometres) from an RM to its nearest malt 

barley plant, and 𝑝𝑜𝑠𝑡𝑡 is an indicator variable taking a value of 1 for the years 2012-2016 and 

zero otherwise.5 𝑀𝐵𝑖 and 𝐴𝐵𝑖 are indicator variables that take a value of 1 if an RM is located in 

                                                 
5 Malt barley grown in the summer of 2012 was subsequently sold during the 2012-13 crop year, which constitutes 

the first post-reform year. 
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Manitoba or Alberta respectively, and 0 otherwise. Saskatchewan is thus the omitted group. 𝑍𝑖𝑡 is 

a vector of controls that vary over time and location, such as lagged weather, and 𝑍𝑖 is a vector 

controls that vary over location but are fixed over time, such as distance to seaport. 𝛿𝑖 and 𝛿𝑡 are 

RM and year fixed effects, respectively.  

     This specification is the panel version of a difference-in-differences estimation, where the 

uninteracted 𝑝𝑜𝑠𝑡𝑡 term is subsumed by the year fixed effects. We control for province since crop 

insurance is administered separately for each province, which may lead to differences in barley 

acreage across provinces. The RM fixed effects account for much of the geographical variation 

across RMs that explain malt barley acreage, such as long-term climate averages and soil quality. 

Nonetheless, we also control for other geographical factors that may influence the decision to grow 

barley for malt. We include lagged July average temperatures and August precipitation as controls 

because hot summer temperatures and rain during the harvest can have adverse effects on quality 

and may discourage farmers from growing malt barley the next year. We include distance to port 

since it affects the relative price of barley for export, which may affect how farmers’ malt barley 

production responds to the removal of the CWB. 

     Our main coefficient of interest is β, with the null hypothesis that β = 0. We expect a negative 

sign for β if barley production shifts toward RMs that are relatively close to malt barley plants 

after the end of the CWB single desk. The size of the coefficient β can be interpreted is a measure 

of the sensitivity of malt barley acreage to distance to the nearest plant. The coefficient β indicates 

that malt barley acreage increases by 100*β percent for every 1 km change in distance to the 

nearest malt barley plant. For example, consider two RMs located 50 km and 150 km away from 

the nearest plant. Given that the difference in proximity to the plant is 100 km, the coefficient β 

allows us to predict the closer RM will grow 100*100*β percent more malt barley than the more 

distant RM. Our identification strategy allows us to tease out the spatially different impacts on 

malt barley production, but it does not capture the total impact of the policy since the total impact 

is confounded by other unobserved time-varying factors. 

 

Data and Descriptive Statistics 

We combine data on malt barley production and acreage from crop insurance records with data 

from the Census of Agriculture and data on climate and soil characteristics. This section explains 

the data sources and how they were combined. We also present some descriptive statistics. 
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Crop Insurance Data 

The Canadian government does not collect data on malt versus feed barley production. 

However, growers are obliged to report the variety grown in each field when applying for crop 

insurance. We thus use data on the acreage and production of malt barley varieties collected from 

the three crop insurance agencies in Alberta, Saskatchewan and Manitoba. The variety data is per 

county in the case of Alberta and per rural municipality (RM) in the case of Saskatchewan and 

Manitoba. In total, we have data on over 400 finely detailed spatial units across the prairies.  

Figure 3 illustrates that insured acreage of malt barley varieties has been generally consistent 

over the period that we study, apart from the decline in Saskatchewan between 2008 and 2011. 

Alberta is the largest malt barley producer in most years, with an average acreage of 1.5 million. 

Saskatchewan is the next largest producer with acreage between 1 and 1.5 million. Manitoba is the 

smallest producer with annual production between 100 thousand to 400 thousand acres. 

Figure 4 illustrates the share of total barley acreage (malt and feed) that is insured, combining 

the crop insurance data with annual production survey data available from Statistics Canada. The 

share of barley acreage that is insured is generally consistent over time in Saskatchewan and 

Alberta, the two largest producers. Approximately 45% to 55% of barley acres are insured in 

Saskatchewan during the period we study, while insurance participation is slightly higher in 

Alberta, averaging between 60% to 65%. Manitoba has the highest insurance participation on 

average, although it is more volatile over time, ranging between 70% to 100%.6   

     We combine the crop insurance data with data on weather and soil quality, which is also 

available at the county or RM level. The weather data is from the University of East Anglia (Harris 

et al. 2014). We measure the distance of each county or RM from the nearest malt plants using 

GIS techniques. We use the distance from each RM to the nearest seaport (Vancouver or Thunder 

Bay) as a proxy for the malt barley export basis.7 

 

Malt barley supply and disposition 

The supply and disposition for malt barley in Western Canada for the period we study are presented 

in Table 1. Supply and disposition tables for malt barley have not been published by Statistics 

                                                 
6 The annual crop survey is based on a small sample of farmers and is thus a rough estimate. This can explain our 

calculation that slightly more than 100 percent of malt barley acres are insured in Manitoba in 2014 (see Figure 4). 
7 Distance to seaport is arguably a more exogenous measure of the export basis since freight rates may be 

endogenous to production. 
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Canada since the 2007/08 crop year. The calculation of the selection rate hinges critically on the 

accuracy of production data for malt barley. In the first row of Table 1 we report the total malt 

barley production using the raw crop insurance data. In the second row of Table 1 we calculate 

selection rates (selected malt barley divided by production of malt varieties) using the raw crop 

insurance data. The raw crop insurance data underestimates total production of malt barley 

varieties since not all malt barley is insured, which leads to an overestimation of the selection rate. 

We thus attempt to adjust the malt barley production data in order to reflect both insured and 

uninsured production, using annual crop survey data for total barley acreage in each province (feed 

plus malt). For example, the crop survey estimated that total barley production in the 2007/2008 

crop year was 1.195 million tonnes, while insured barley production (feed plus malt) totaled 1.014 

million tonnes, which implies that 85 percent of total barley acreage was insured. We then divide 

the Manitoba insured malt barley production by 0.85 in order to arrive at an estimate of malt barley 

production for Manitoba that is adjusted for uninsured malt barley acreage. We perform this 

conversion for each province and year and report the totals in the third row of Table 1. The 

corresponding selection rate using this adjusted production value is reported in the fourth row of 

Table 1. “Selected malt barley” in the fifth row is calculated by summing net exports, domestic 

use by brewers and distillers, and exports of malt (converted to raw barley equivalent). 

     Adjusting the production data for uninsured acreage in this way implicitly assumes that the crop 

insurance participation rate is identical for feed barley and malt barley. If feed barley has 

systematically lower insurance participation than malt barley (which is likely the case since it is a 

low-value crop) then this attempt to account for uninsured acres will tend to overestimate malt 

barley acreage. The adjusted and unadjusted production values hence represent an upper and lower 

bound on actual production of malt barley. Overall, we find that the selection rate when adjusting 

for uninsured acres has fluctuated between 40 and 54 percent, while the unadjusted selection rate 

is more volatile, ranging between 52 and 76 percent. 

   We illustrate changes in malt barley acreage graphically in Figure 5. This map shows that after 

deregulation there was a distinct shift in malt barley acreage away from many RMs in eastern 

Saskatchewan and western Manitoba and towards Alberta, west-central Saskatchewan and eastern 

Manitoba. This pattern is consistent with the view that malt barley production moved towards the 

malt barley plants, after deregulation. At the same time, Figure 5 suggests that malt barley 

production increased in Alberta in general, regardless of proximity to a malt barley plant.  



 14 

Main Results 

The main regression results are presented in Table 2, where we cluster at the Census Division 

level. Census divisions are geographic regions larger than RMs, and there are 53 Census Divisions 

in our data. The dependent variable in all specifications is log of malt barley acres in each RM. In 

column (1) we include only our variable of interest, the distance to the closest malting plant 

interacted with the post-reform dummy (𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑑𝑖𝑠𝑡𝑖 × 𝑝𝑜𝑠𝑡𝑡) plus RM and year fixed effects. 

In column (2) we add province-level dummy variables, which are crucial since crop insurance is 

administered separately within each province, and insurance participation for malt barley appears 

to vary systematically across provinces. 𝑀𝐵𝑖 × 𝑝𝑜𝑠𝑡𝑡 and 𝐴𝐵𝑖 × 𝑝𝑜𝑠𝑡𝑡 control for province-specific 

variations in malt barley production that could be driven by any cross-provincial differences in 

agricultural policy. In column (3) we add lagged July average high temperature and August 

precipitation. Finally, in column (4) we add the distance to the nearest seaport (Vancouver or 

Thunder Bay), which controls for the malt barley export basis. The point estimate for 

𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑑𝑖𝑠𝑡𝑖 × 𝑝𝑜𝑠𝑡𝑡 remains stable as control variables are added and is statistically significant 

at the 5% level after adding the full set of controls. The regression coefficient for 

𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑑𝑖𝑠𝑡𝑖 × 𝑝𝑜𝑠𝑡𝑡 in column (4) suggests that every 100 km increase in distance from a malt 

barley plant decreased malt barley production by 4.6 percent after the removal of the CWB. Using 

our example of two RMs located 50 km and 150 km from the nearest malt barley plant, our point 

estimates suggest that malt barley acreage increased by 4.6 percent in the closer RM, following 

deregulation.8 

     After adding all control variables, we observe that the removal of the CWB led to growth in 

malt barley production in RMs with warmer July weather, but this effect is only statistically 

significant at the 10% level. We also find that there was an overall increase in malt barley acreage 

in Alberta compared to Saskatchewan, although this effect loses significance once the export basis 

control is added. We find no evidence suggesting that RMs in areas further from seaport (with a 

higher export basis) appear to have changed their production of malt barley after the CWB 

removal. 

                                                 
8 We also estimate our main results using logged distance, where we find that a one percent decrease in distance to 

the closest malt barley plant is associated with a 0.09 percent increase in malt barley acreage. The results are 

provided in Table A1 in the Appendix. 
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     We also test whether distance to malt plants differs systematically across provinces and across 

different areas according to the underlying climate suitability. The results are presented in 

Appendix Table A2. In column (1) we interact our coefficient of interest with indicator variables 

for Alberta and Manitoba (Saskatchewan is the omitted province). In column (2) we interact our 

coefficient of interest with our weather controls. The interactions with the province indicators and 

weather controls are not statistically significant, which suggests that our main results are similar 

across provinces and across areas that differ in their climatic suitability for producing malt barley. 

 

Robustness to additional controls  

We check whether our main results are robust to including additional control variables, and the 

results are presented in Table 3. In column (1) we add a control for the number of hogs and cattle 

per acre in each RM, using data from the 2006 Census of Agriculture. These variables capture 

localized demand for feed barley. The results suggest that hog production has a negative and 

statistically significant impact on the production of malt barley, but we find no effect associated 

with cattle production. In column (2) we add a control for average January temperature, which can 

affect cattle production and hence local demand for feed barley, and we find no effects. Across 

columns (1) and (2) of Table 3 the 𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑑𝑖𝑠𝑡𝑖 × 𝑝𝑜𝑠𝑡𝑡 coefficient remains robust to including 

these additional controls. In column (3) we adjust our main variable of interest, to include nearby 

U.S. malting plants when calculating each RM’s distance to its closest plant (𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑈𝑆𝑑𝑖𝑠𝑡𝑖), 

and we find that this augmented measure is also statistically significant with a similarly sized point 

estimate.  

     Finally, in column (4) of Table 3 we include province*year fixed effects, which controls for 

any year-to-year variation in malt barley acreage that is driven by province-specific factors. 

Including province*year fixed effects implies that the point estimates for 𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑑𝑖𝑠𝑡𝑖 × 𝑝𝑜𝑠𝑡𝑡 

are driven by the variation in malt barley acreage within each province over time. Even using this 

demanding specification, we find that our estimate for 𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑑𝑖𝑠𝑡𝑖 × 𝑝𝑜𝑠𝑡𝑡 is statistically 

significant at the 1% level and the point estimate is slightly larger, suggesting that that every 100 

km increase in distance from a malt barley plant decreased malt barley production by 5.7% after 

the deregulation. 
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Robustness to alternative dependent variables 

In Table 4 we present the results using alternative dependent variables. In column (1) we use the 

logged production of barley (in tonnes) instead of acreage, and we find a negative and statistically 

significant effect of distance to the nearest malt barley plant. In column (2) we perform a placebo 

test, where we use feed barley acreage as the dependent variable. The removal of the CWB 

monopoly did not directly affect feed barley marketing, but feed barley acreage may be positively 

related to distance to the nearest malt barley plant if malt barley production displaces feed barley 

in RMs closer to malt barley plants (and vice versa in RMs further from malt barley plants). We 

thus expect to find a positive impact of 𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑑𝑖𝑠𝑡𝑖 × 𝑝𝑜𝑠𝑡𝑡 on feed barley acreage. The results 

suggest that changes in feed barley acreage was positively affected by distance to malt plants 

before versus after the removal of the CWB single desk, which suggests that malt barley production 

displaced feed barley production in RMs closer to malt barley plants. Finding the opposite effect 

on feed barley means that we have more confidence that our results for malt barley are not 

spuriously driven by other factors that encouraged barley production of all kinds.  

     In column (3) of Table 4 we use total barley production (malt plus feed) as the dependent 

variable, and we find no statistically significant effect. This result suggests that total barley acreage 

as a function of distance to malt plants was unaffected by the reform, again implying that malt 

barley production displaced feed barley production. Finally, in column (4) we generate a measure 

of malt barley production intensity, dividing malt barley acreage by total area in crops and 

summerfallow in each RM. The point estimate on 𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑑𝑖𝑠𝑡𝑖 × 𝑝𝑜𝑠𝑡𝑡 remains statistically 

significant using this alternative measure as well. 

 

Robustness to Spatial Autocorrelation 

As a final robustness check we investigate whether the statistical significance of our results 

changes if we account for spatial correlation in the error terms, using both Conley standard errors 

and Kelejian-Prucha standard errors.9 In order to ease comparison across different approaches we 

                                                 
9 We implement the Conley (1999) standard errors using the ols_spatial_HAC command (Hsiang, 2010). We 

implement the Kelejian-Prucha standard errors using the spregress command, which uses the Generalized Spatial 

Two Stage Least Squares (GS2SLS) estimator derived by Kelejian and Prucha (1998, 1999, 2010) and extended by 

Arraiz et al. (2010) and Drukker, Egger, and Prucha (2013). 
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use a first-differenced cross-section approach, comparing the average malt barley acreage during 

the 2008-2011 period versus the 2013-2016 period:10 

 

∆ln(𝑀𝑎𝑙𝑡𝐵𝑎𝑟𝑙𝑒𝑦)𝑖,08−16 = 𝛼 + 𝛽(𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑑𝑖𝑠𝑡𝑖) + 𝑀𝐵𝑖 + 𝐴𝐵𝑖 + 𝛾1𝑍𝑖,07−15 + 𝛾2𝑍𝑖 + 휀𝑖,             (2) 

 

where ∆ln(𝑀𝑎𝑙𝑡𝐵𝑎𝑟𝑙𝑒𝑦)𝑖,08−16 is the logged change in the average number of acres planted to 

malt barley varieties in Rural Municipality (RM) i, comparing the pre-reform years 2008-2011 and 

the post-reform years 2013-2016. The first-differencing process subsumes the RM fixed effects, 

which capture all time-constant factors that may influence the outcome variables. The constant 

term 𝛼 in this first-differenced specification corresponds to the 𝑝𝑜𝑠𝑡𝑡 indicator in a standard 

difference-in-differences setting. 

     The results controlling for spatial correlation are reported in Table 5. The first-differenced 

OLS results with standard errors clustered by Census Division are provided in column (1), where 

𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑑𝑖𝑠𝑡𝑖 is statistically significant at the 1% level and has the expected negative sign. We 

perform the Moran test for spatial independence on the residuals from the regression presented in 

column (1), which rejects the null hypothesis that the standard errors are independently and 

identically distributed.11 This specification test suggests that the error terms are spatially 

correlated. 

     The results of the first-differenced specification with Conley standard errors are presented in 

column (2) of Table 5, and the point estimate for 𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑑𝑖𝑠𝑡𝑖 remains statistically significant 

at the 1% level.12 Finally, the Kelejian-Prucha model with spatially autoregressive errors yields a 

slightly smaller point estimate and slightly larger standard errors for the 𝑚𝑎𝑙𝑡𝑝𝑙𝑎𝑛𝑡_𝑑𝑖𝑠𝑡𝑖 variable 

compared to columns (1) and (2), but the results remain statistically significant at the 1% level.13 

The spatial autocorrelation parameter is 0.29 and statistically significant. Overall, or results are 

robust to a wide variety of specifications. 

 

                                                 
10 This “long differenced” approach avoids the requirement of the panel version of the Kelejian-Prucha HAC that the 

panel is “strongly balanced”. First differencing is isomorphic to a two-period difference-in-differences estimation 

with panel fixed effects and a post-treatment dummy. 
11 The Moran test yields a chi-squared of 7.61 with a p-value of 0.0058. 
12 In the Conley specification we implement a 100km distance cut-off, which provides the most conservative 

standard errors. 
13 Our results using Kelejian-Prucha standard errors are also robust to including the same controls as Table 5. These 

results are provided in Appendix Table A3. 
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Conclusion 

The removal of the Canadian Wheat Board (CWB) statutory marketing authority in 2012 provides 

a unique opportunity to measure the impact of that policy reform on the production of malt barley 

in Western Canada. We posit that the removal of the CWB monopoly-monopsony provided 

efficiency gains, particularly for growers located relatively close to malt barley plants and/or adept 

at consistently producing high quality malting barley. They were now free to enter into forward 

pricing and delivery contracts with malt barley plants. We also posit that transportation costs may 

have discouraged malt barley production by growers further away from malt plants, after removal 

of the CWB monopoly which focused on equality. The decrease in marketing uncertainty in 

meeting quality criteria, conditional on managerial skill, meant that marginal growers are now less 

willing to produce malt barley varieties. 

     In accordance with our hypothesis, the results suggest that malt barley production shifted closer 

to malt barley plants. Our finding that single desk deregulation leads to a greater geographic 

specialization in the production of malt barley relates directly to the Ricardian concept that free 

trade allows regions to specialize according to comparative advantage, and agrees with empirical 

evidence in other studies on the spatial nature of agricultural production. Overall, our results 

suggest that there were winners and losers from the ending of the CWB single desk authority, but 

the shift in production appears to reflect proximity to downstream processing. 
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Figure 1: Location of malt barley plants in Canada and Northern U.S. Great Plains 

Source: Authors’ calculations. 
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Figure 2: Freight rates to seaport, malt barley, 2011-12 crop year, Alberta, Saskatchewan and 

Manitoba.  

Source: Statistics Canada and Freight Rate Manager 
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Figure 3: Insured malt barley acreage by province, million acres. Source: MASC, 

SCIC, AFSC 
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Figure 4: Share of barley acres insured by crop insurance by province. Source: 

MASC, SCIC, AFSC, Statistics Canada 
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Figure 5: Percentage change in malt barley acres between 2008-11 and 2013-16 

for Alberta, Saskatchewan and Manitoba.  

Source: MASC, SCIC, AFSC, Authors calculations 
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Table 1: Malt Barley Supply and Disposition, Western Canada (Alberta, Saskatchewan and Manitoba) 

Notes: Production adjusted to account for uninsured acres using Statistics Canada annual survey data on total barley crop by province and year. 

Unadjusted production uses the raw crop insurance data. Malt barley import data taken from USDA. Malt barley export data derived from IGC 

Grain Market Reports. Malt export data taken from World Trade Atlas. Brewers and Distillers Use assumed to be 375 thousand tonnes 

(personal communication with Phil DeKamp, May 1, 2017). Malt exports and Brewers and Distillers Use are multiplied by a factor of 1.25 to 

report in raw barley equivalents. The imputed selected malt barley is determined by summing exports, brewers and distillers use and malt 

exports. The selection rate is the ratio of production to selected malt barley. All values based on crop year (August 1st – July 31st). Sources: 

International Grains Council (various years), Statistics Canada, World Trade Atlas, authors calculations.  

  2007/08 2008/09 2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 

  Thousand Tonnes 

Unadjusted: 

Raw crop 

insurance data: 

Production of 

malt varieties 
3,630 4,700 3,747 2,218 2,580 2,669 3,350 2,166 3,165 

Selection rate 0.70 0.52 0.61 0.67 0.70 0.62 0.63 0.76 0.54  

 
         

Adjusted for 

uninsured 

barley acres: 

Production of 

malt varieties 
5,207 6,208 5,520 3,365 3,663 3,692 4,773 3,028 3,887 

Selection rate 0.49 0.40 0.42 0.44 0.50 0.45 0.44 0.54 0.44 

           

Supply: Selected malt bly 2,536 2,462 2,302 1,481 1,815 1,656 2,117 1,643 1,703 

Imports 49 38 33 40 15 8 9 69 40 

           

Disposition: 

 

 

 

 

Exports 1,300 1,300 1,200 400 700 600 1,000 600 600 

Brewers and 

Distillers Use 
375 375 375 375 375 375 375 375 375 

Malt Exports (bly 

equivalent) 
910 825 761 746 756 689 751 736 768 
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Table 2: Main Results 

 Annual panel, 2008-2016 

Dep. var.:  ln(maltbarleyacres)it 

 (1) (2) (3) (4) 

          

maltplant_disti*postt -0.000323* -0.000346* -0.000465** -0.000464** 

 (0.000185) (0.000184) (0.000183) (0.000180) 

MBi*postt 
 

-0.0347 -0.0574 -0.0711 

 

 
(0.0660) (0.0758) (0.117) 

ABi*postt 
 

0.130** 0.159** 0.148 

 

 
(0.0604) (0.0597) (0.0937) 

July_tempi,t-1 
  

0.0353* 0.0351* 

 

  
(0.0188) (0.0191) 

Aug_precipi,t-1 
  

-0.000588 -0.000590 

 

  
(0.000657) (0.000661) 

portmindisti*postt 
   

-.0000380 

 

   
(0.000249) 

Constant 8.540*** 8.539*** 7.777*** 7.781*** 

 (0.0356) (0.0344) (0.463) (0.470) 

 
    

RM fixed effects YES YES YES YES 

     

Year fixed effects YES YES YES YES 

     

Observations 3,530 3,530 3,530 3,530 

R-squared 0.239 0.241 0.244 0.244 

Number of RMs 447 447 447 447 
Notes: Robust standard errors in parentheses, clustered at Census Division Level *** p<0.01, ** 

p<0.05, * p<0.1 
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Table 3: Robustness to additional controls 
 

Annual panel, 2008-2016 

Dep. var.:  ln(maltbarleyacres)it  
(1) (2) (3) (4) 

          

maltplant_disti*postt -0.000502** -0.000472** 
 

-0.000570*** 

 (0.000194) (0.000181) 
 

(0.000182) 

MBi*postt -0.0748 -0.0756 -0.0712  

 (0.116) (0.125) (0.117)  

ABi*postt 0.150 0.150 0.148  

 (0.0990) (0.0967) (0.0939)  

July_tempi,t-1 0.0355* 0.0358* 0.0353* 0.0516* 

 (0.0191) (0.0192) (0.0191) (0.0280) 

Aug_precipi,t-1 -0.000627 -0.000577 -0.000596 -0.000989 

 (0.000674) (0.000664) (0.000660) (0.000770) 

portmindisti*postt -0.000116 -0.000046 -0.000035 -0.000028 

 (0.000274) (0.000245) (0.000248) (0.000246) 

hogsi.06*postt -0.0573*** 
   

 (0.00995) 
   

cattle i.06*postt -0.123 
   

 (0.267) 
  

 

Jan_temp_avgi*postt 
 

-0.00112 
 

 

 
 

(0.0139) 
 

 

maltplantUSdisti*postt 
  

-0.000482***  

 
  

(0.000180)  

Constant 7.774*** 7.767*** 7.776*** 7.446*** 

 (0.470) (0.472) (0.470) (0.676) 

     
RM fixed effects YES YES YES YES 

     

Year fixed effects YES YES YES NO 

     

Province*Year FE NO NO NO YES 

     

Observations 3,530 3,523 3,530 3,530 

R-squared 0.246 0.244 0.244 0.288 

Number of RMs 447 446 447 447 

Notes: Robust standard errors in parentheses, clustered at Census Division Level *** p<0.01,  

** p<0.05, * p<0.1 
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Table 4: Alternative dependent variables 

  Annual panel, 2008-2016 

Dep. var.:  

ln(malt  

barley 

tonnes)it 

ln(feed  

barley 

acres)it 

ln(total 

barley 

acres)it 

ln(percent 

barley 

acres)it 

     

          

maltplant_disti*postt -0.000631** 0.000414* 0.000049 -0.00118** 

 (0.000264) (0.000218) (0.000144) (0.000584) 

MBi*postt -0.117 0.0426 0.0967 -0.145 

 (0.164) (0.106) (0.108) (0.381) 

ABi*postt -0.0161 -0.0519 0.163** 0.447 

 (0.132) (0.105) (0.0748) (0.275) 

July_tempi,t-1 0.0288 -0.0131 0.0163 -0.0129 

 (0.0256) (0.0143) (0.0128) (0.0426) 

Aug_precipi,t-1 -0.000556 -0.000268 0.000271 -0.00296** 

 (0.000797) (0.000511) (0.000447) (0.00133) 

portmindisti*postt -0.000598* 0.000248 0.000119 -0.000568 

 (0.000345) (0.000265) (0.000214) (0.000772) 

Constant 8.165*** 8.178*** 8.523*** 4.656*** 

 (0.623) (0.351) (0.307) (1.010) 

     

RM fixed effects YES YES YES YES 

     

Year fixed effects YES YES YES YES 

 
 

 
  

Observations 3,530 2,862 3,818 4,104 

R-squared 0.257 0.118 0.245 0.264 

Number of RMs 447 433 453 456 
Notes: Robust standard errors in parentheses, clustered at Census Division Level *** p<0.01, ** 

p<0.05, * p<0.1 
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Table 5: Controlling for spatial correlation 

 First-Difference, 2008-2011 avg. vs. 2013-2016 avg. 

Dep. var.:  Δln(maltbarleyacres)i,08-16 

Standard errors: Clustered Conley Kelejian-Prucha 

 (1) (2) (3) 

        

Δmaltplant_disti -0.00236*** -0.00236*** -0.00189*** 

 (0.000423) (0.000499) (0.000523) 

MBi -0.276 -0.276 -0.282 

 (0.223) (0.286) (0.197) 

ABi 0.347 0.347 0.212 

 (0.211) (0.292) (0.197) 

ΔJuly_tempi,07-15 0.706*** 0.706*** 0.600*** 

 (0.202) (0.237) (0.213) 

ΔAug_precipi,07-15 -0.00170 -0.00170 0.000913 

 (0.00491) (0.00560) (0.00531) 

portmindisti 0.000285 0.000285 0.000117 

 (0.000398) (0.000516) (0.000412) 

Constant -0.0354 -0.0354 0.0291 

 (0.412) (0.507) (0.416) 

 
   

Spatial autocorrelation   0.289*** 

parameter   (0.101) 

    

Observations 419 419 419 

R-squared 0.090 0.090 0.008 

Notes: Column 1 reports standard errors clustered at the Census Division Level. Column 2 reports 

Conley (1999) standard errors with a 100km distance cutoff. Column 3 reports Kelejian-Prucha 

standard errors. *** p<0.01, ** p<0.05, * p<0.1 
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Appendix 

 

Table A1: Robustness to using logged distance to malt barley plants 

 Annual panel, 2008-2016 

Dep. var.:  ln(maltbarleyacres)it 

 (1) (2) (3) (4) 

          

ln(maltplant_dist)i*postt -0.0672** -0.0702** -0.0868** -0.0884*** 

 (0.0320) (0.0337) (0.0334) (0.0309) 

MBi*postt 
 

0.122** 0.149** 0.165* 

 

 
(0.0600) (0.0590) (0.0898) 

ABi*postt 
 

-0.0422 -0.0636 -0.0443 

 

 
(0.0649) (0.0739) (0.112) 

July_tempi,t-1 
  

0.0344* 0.0347* 

 

  
(0.0188) (0.0191) 

Aug_precipi,t-1 
  

-0.000586 -0.000586 

 

  
(0.000664) (0.000664) 

portmindisti*postt 
   

0.000056 

 

   
(0.000238) 

Constant 8.540*** 8.539*** 7.798*** 7.790*** 

 (0.0356) (0.0345) (0.464) (0.469) 

 
    

RM fixed effects YES YES YES YES 

     

Year fixed effects YES YES YES YES 

     

Observations 3,530 3,530 3,530 3,530 

R-squared 0.239 0.241 0.244 0.244 

Number of RMs 447 447 447 447 
Notes: Robust standard errors in parentheses, clustered at Census Division Level *** p<0.01, ** 

p<0.05, * p<0.1 
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Table A2: Interactions with province and weather controls 

 Annual panel, 2008-2016 

Dep. var.:  Δln(maltbarleyacres)it 

 

Province 

interactions 

Weather 

interactions 

 (1) (2) 

      

maltplant_disti*postt -0.000496** -0.000460** 

 (0.000192) (0.000228) 

maltplant_disti*postt*MB -0.000156  

 (0.000412)  

maltplant_disti*postt*AB -0.000784  

 (0.000870)  

maltplant_disti*postt*July_tempi,t-1  0.000062 

  (0.000038) 

maltplant_disti*postt*Aug_precipi,t-1  -0.000003 

  (0.000004) 

MBi*postt 0.207 0.122 

 (0.129) (0.103) 

ABi*postt -0.0233 -0.0478 

 (0.140) 0.122 

July_tempi,t-1 0.0330* 0.0356 

 (0.0186) (0.0219) 

Aug_precipi,t-1 -0.000583 -0.000282 

 (0.000662) (0.000941) 

July_tempi,t-1*postt 
 

-0.00336 

 

 
(0.0104) 

Aug_precipi,t-1*postt 
 

-0.000773 

 

 
(0.00104) 

Constant 7.827*** 8.536*** 

 (0.459) (0.0352) 

   

RM fixed effects YES YES 

Year fixed effects YES YES 

   

Observations 3,530 3,530 

R-squared 0.245 0.245 

Number of RMs 447 447 
Notes: MBi, ABi and maltplant_disti demeaned in column (1). July_tempi,t-1, Aug_precipi,t-1 and 

maltplant_disti demeaned in column (2). Robust standard errors in parentheses, clustered at 

Census Division Level *** p<0.01, ** p<0.05, * p<0.1 

 

  



 33 

Table A3: Robustness to additional controls controlling for spatial correlation 
 

First-Difference, 2008-2011 avg. vs. 2013-2016 avg. 

Dep. var.:  Δln(maltbarleyacres)i,08-16 

Kelejian-Prucha standard errors  
(1) (2) (3) 

        

Δmaltplant_disti -0.00203*** -0.00190*** 
 

 (0.000529) (0.000524) 
 

MBi -0.272 -0.287 -0.276 

 (0.197) (0.201) (0.197) 

ABi 0.216 0.216 0.242 

 (0.199) (0.199) (0.197) 

ΔJuly_tempi,07-15 0.609*** 0.595*** 0.629*** 

 (0.215) (0.218) (0.212) 

ΔAug_precipi,07-15 -0.000537 0.000823 0.000319 

 (0.00536) (0.00535) (0.00529) 

portmindisti 0.000065 0.000104 0.000169 

 (0.000419) (0.000429) (0.000412) 

hogsi.06 -0.0727* -0.00190*** 
 

 (0.0396) 
  

cattle i.06 0.143 
  

 (0.376) 
  

Jan_temp_avgi 
 

-0.00216 
 

 

 
(0.0183) 

 

ΔmaltplantUSdisti 
  

-0.00204*** 

 

  
(0.000524) 

Constant 0.105 0.00822 0.00728 

 (0.429) (0.451) (0.415) 

    
Spatial autocorrelation 0.291*** 0.288*** 0.283*** 

parameter (0.0997) (0.101) (0.102) 

    

Observations 419 419 419 

Pseudo R-squared 0.095 0.088 0.093 
Notes: *** p<0.01, ** p<0.05, * p<0.1 
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