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How Does Washington State Initiative 732 Impact the Agriculture and
Forestry Sectors?’

Gregmar |. Galinato, Timothy Nadreau, and Tristan D. Skolrud?

Introduction

Carbon Washington (CarbonWA), a lobby group in Washington State, is currently proposing a
revenue-neutral carbon tax called Washington State Initiative 732 (1-732). ’ The objective of the
policy is to incentivize adoption of cleaner fuel sources and reduce market inefficiencies that
arise through the use of distortionary taxes (CarbonWA, 2015). In general, a revenue-neutral tax
instrument has the potential to simultaneously increase aggregate social welfare and boost
growth in a renewable fuel industry (Skolrud and Galinato, 2015). The specific revenue-neutral
tax policy proposed by CarbonWA is phased into the economy at different rates depending on
the sector, leading to differential impacts across sectors, especially in those that can be used as
feedstocks in the renewable fuel industry.

The focus of this research is analyzing the impact of the revenue-neutral tax on two sectors with
strong significance to the Washington State economy, the agricultural and forestry sectors. The
agricultural and forestry sectors are important contributors to Washington State’s economy.
Combined, they account for over $10 billion in output annually (NASS, 2013; Smith, 2012). They
are also important contributors to two related sectors: the general and food manufacturing
sectors, which have an annual output of $1.5 billion dollars and account for 100,000 jobs (Brady
and Taylor, 2010). These two sectors in Washington State have been identified as significant
sources of cellulosic feedstocks, which can be refined to produce advanced biofuels with a
much lower carbon footprint than fuel refined from crude oil (Yoder et al. 2010). As the carbon
tax increases and the demand for low-carbon fuel increases, we eventually expect an increase
in demand for agricultural and forestry output.

This study determines the effect of the proposed revenue-neutral-carbon tax, as outlined in I-
732, on output, prices, input use, employment and carbon dioxide emissions in the agricultural
and forestry sectors in Washington State during the first two years of policy implementation. We
utilize a computable general equilibrium (CGE) model that has 11 primary industrial sectors and
allows for endogenous changes in prices and output production. The results of the study not
only forecast sector-specific policy effects but may also point to policy prescriptions that may
help ameliorate negative effects and enhance positive effects. This study also speaks to the
potential effectiveness of such a policy in boosting or shrinking a renewable fuels sector in
Washington State currently in its infancy.

! This research was supported by the Agriculture and Food Research Initiative Competitive Grant No.
2012-67009-19707 from the USDA National Institute of Food and Agriculture. The authors would also like
to thank Philip Watson for aid in programming the model as well as Yoram Bauman, Greg Rock,
Jonathan Yoder and two anonymous reviewers for their comments.

2 Authors are, respectively, Associate Professor, Research Associate and Post-Doctoral Research Fellow from the
School of Economic Sciences, Washington State University. Corresponding author contact information: Tel.: 1-509-
335-6382, Fax: 1-509-3351173, email: ggalinato@wsu.edu (G.I. Galinato).
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I-732 has four direct policy effects. The first is a tax of $25 per metric ton (MT) of carbon dioxide
emitted from the use of fossil fuels in the state of Washington. Farm diesel and public
transportation are exempt from the full amount in the first 40 years of the policy, facing instead a
gradually increasing carbon tax schedule. The second policy effect is a 1% reduction in sales
tax, from 6.5% to 5.5%. The third effect is a reduction in business and occupation tax in the
manufacturing sector from 0.484% to 0.001%, effectively removing the tax in that sector. Finally,
the revenues from the carbon tax fund the state’s Working Families Tax Rebate policy which
allows for a tax rebate of up to $1,500 per year for low-income families (CarbonWA, 2015).

The proposed tax policy is considered revenue neutral because the revenues raised by the
carbon tax are used to offset losses from sales and business tax reductions and to fund the tax
rebate for low-income families. In requiring less revenue from distortionary taxes such as sales,
income and/or business taxes, and gaining more tax revenue from taxes that correct market
failure such as carbon taxes, a “double-dividend” may be achieved in the economy (Pearce,
1991; Parry, 1995). The first dividend occurs through the reduction of pollution to an efficient
level, and the second dividend results from a reduction in deadweight loss or market inefficiency
in a market where an existing distortionary tax is reduced.

We examine the effect of the policy on the agricultural and forestry sectors directly after the two-
year initial phase-in period, when the carbon tax reaches a level of $25/ton of emitted carbon
and the agricultural sector is still exempt from paying the majority of the carbon tax. Based on
the specific targets of I-732, we hypothesize three direct effects in the agricultural and forest
sectors from each policy change. In the second year of the policy, the partial exemption results
in the agricultural sector paying just 5% of the tax borne by other sectors. We anticipate a
negative impact on the value of output due to the increase in the price of fossil fuel from the
carbon tax alone but it will affect the forest sector more than the agricultural sector because it is
not exempt. The sales tax reduction may lead to a marginal change in the consumption mix of
consumers away from products that rely heavily on fossil fuel towards other goods. Because the
agricultural sector faces a comparatively lower tax rate, we expect a smaller change in the
output price of agricultural goods compared to goods from other sectors, which may precipitate
a shift towards agricultural good consumption. From the farmer’s perspective, there may also be
an increase in capital investment given this reduction in sales tax. A business tax reduction in
the manufacturing sector does not directly affect the agricultural and forest sector but there
might be an indirect impact. For example, equipment manufacturers may pass on their reduced
cost of production to firms in the agricultural and forest sector. Finally, transfers to low-income
families may increase welfare for eligible employees in the agricultural and forest sector. We
turn to a CGE model for Washington State to measure all the welfare effects and test the
hypotheses of the impacts of the carbon revenue-neutral tax.

Timeline and Policy Specifics of |-732

The impact of the policies outlined in 1-732 are not immediate but come in various phases as
outlined in Table 1. We focus our analysis during the first two years of the proposal. The carbon
tax will be $15 per ton in the first year before rising to $25 per ton in the second year. After the
second year, the carbon tax rate rises by 3.5% plus the rate of inflation. This is to account for
the predicted carbon tax revenue drop as fossil fuel related emissions decline. The carbon tax
will be capped at $100/ton which is expected to occur after more than 40 years (CarbonWA,
2015). Farm diesel and public transportation are partially exempt during the first 40 years of the
policy which means they do not face the full carbon tax value. Instead, they face a rising carbon
tax rate that will converge toward the level imposed on the rest of the economy by year 40
(OFM, 2016). Table 2 summarizes the exemption rates for farm diesel and public transportation.
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Table 1. Stages During the Implementation of 1-732.

Timeline Phase — in and adjustments Exemption
Carbon Tax: $15/ton, Farm Diesel and Public
Year 1 Sales Tax: 0.5% reduction to 6% transportation

Business tax in the manufacturing
sectors: 0.439% reduction to 0.001%

Carbon Tax: $25/ton year Farm Diesel and Public

Sales Tax: 1% reduction to 5.5% transportation
Year 2 X . ]

Business tax in the manufacturing

sectors: 0.439% reduction to 0.001%

Increase in carbon tax by 3.5% Farm Diesel and Public
Year 3 - 40 . . .

annually plus inflation rate transportation

Increase in carbon tax by 3.5% None

After year 40  annually plus inflation rate until
$100/ton is reached

The full implementation of the sales tax reduction occurs in the second year of the policy. The
sales tax will reduce by 0.5% in the first year leading to a 6% sales tax rate. During the second
year of the proposal, the sales tax rate will be reduced again by 0.5% leading to a 5.5% sales
tax rate which will be implemented in the succeeding years. On the other hand, the business tax
reduction from approximately 0.484% to 0.001% in the manufacturing sector occurs immediately
in the first year (CarbonWA, 2015).

Funding the Working Families Tax Rebate is based on a proposed schedule by the lobby group
CarbonWA. In the first year of the policy, when the carbon tax rate is only $15/ton, the total
funds from the carbon revenues allotted to the Working Families Tax Rebate is $157.74 million.
Once the carbon tax rate is $25/ton, total funds allotted to the Working Families Tax Rebate is
$262.90 million. During the subsequent years, annual funding will be in the range of $279 million
to $296 million (OFM, 2016).

Model

We modify the Washington-ldaho CGE model originally developed by Holland et al. (2007). The
model allows us to examine the behavior of producers and consumers given a variety of shocks
related to the revenue-neutral carbon tax policy to determine output and price changes in
various sectors of the economy.

We use 2014 data from IMPLAN. It contains approximately 530 industry categories. These
categories are then aggregated into 11 distinct industries: Agriculture, Forestry, Mining, Utilities,
Fossil fuel, Construction, Food manufacturing, Wholesale and retail trade, Services, General
Manufacturing, and Miscellaneous. We primarily focus on agriculture and forestry but to allow
for a general equilibrium relationship, we include all other sectors in the state economy. Some
sectors produce output that are used as inputs in other sectors of the economy. For example,
agricultural output is an input in the food manufacturing and general manufacturing sectors, and
the forestry sector output is used as an input in the construction sector. We allow for domestic
and international trade in all sectors. Fossil fuel is identified as an input in several important
sectors such as agriculture, transportation, and energy. All markets are perfectly competitive
and prices and quantities adjust. The model also contains sales and business tax rates.
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In addition to the 11 commaodity inputs each sector employs labor and capital, which are
substitutable across sectors. Labor and capital are substitutable but all other inputs are
assumed to be perfect complements utilized in fixed proportions. The assumption of fixed
proportions is a limitation of our model, as sectors are unable to change the ratio of their input
uses when responding to policy changes, with the exception of labor and capital inputs.
Unfortunately, this assumption is required for our computations to be tractable.

Table 2. Carbon Tax Rates in the Agricultural Sector During the Exemption Period.

Agricultural Agricultural, Agricultural Agricultural,
General ngPU l:ljl ’ and Public General ngPU l:ljl ’ and Public
Y Carbon Tax and rublic Transit Carbon Tax and rublic Transit
ear Constant Transit Carbon Tax Year Constant Transit Carbon Tax
Carbon Tax Carbon Tax
2016 Dollars % of General Constant 2016 Dollars % of General Constant

2016 Dollars 2016 Dollars
1 $- - $- 21 $46 50% $23
2 $15 5% $0.75 22 $48 55% $26
3 $25 5% $1.25 23 $50 55% $27
4 $26 10% $3 24 $51 60% $31
5 $27 10% $3 25 $53 60% $32
6 $28 15% $4 26 $55 65% $36
7 $29 15% $4 27 $57 65% $37
8 $30 20% $6 28 $59 70% $41
9 $31 20% $6 29 $61 70% $43
10 $32 25% $8 30 $63 75% $47
11 $33 25% $8 31 $66 75% $49
12 $34 30% $10 32 $68 80% $54
13 $35 30% $11 33 $70 80% $56
14 $36 35% $13 34 $73 85% $62
15 $38 35% $13 35 $75 85% $64
16 $39 40% $16 36 $78 90% $70
17 $40 40% $16 37 $81 90% $72
18 $42 45% $19 38 $83 95% $79
19 $43 45% $20 39 $86 95% $82
20 $45 50% $22 40 $89 100% $89

Source: OFM (2016)

We incorporate four significant changes to the original Holland et al. (2007) model to assess the
effect of the revenue-neutral carbon tax policy during the first two years of the policy. First, we
impose a $0.24/gal tax on fossil fuels, which is equivalent to the $25/ton of carbon from fossil
fuels, in all sectors that use the input except agriculture.4 In the first year of the policy when the
carbon tax is $15/ton, we impose a $0.14/gal tax on fossil fuels. In the agricultural sector, we
instead impose a $0.01/gal tax which is equivalent to the $1.25/ton of carbon in the second
year. Second, we reduce the sales tax by half a percent in the first year and 1% in the second
year. Third, we reduce the business tax for the manufacturing sector from 0.484% to 0.001% in

* To derive this value, we multiply $25/ton by the conversion rate from ton to kilogram (907.185 kg per
ton) and multiply it by the amount of carbon emitted per gallon (8.9 kg/gal), i.e. $25/ton x 1 ton/907.185 kg
x 8.9 kg/gal = $0.24/gal,
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both years. Finally, we treat the expenditures that fund the Working Families Tax Rebate
program as a lump sum payment to the lowest income bracket.

There are three main assumptions in the model. First, given the open economy nature of the
model, capital is mobile across sectors and aggregate supply of capital is variable. This allows
for capital inflow from outside the state when tax rates change and it does not restrict aggregate
capital within the state. Second, labor is mobile across sectors and there is no requirement for
full employment. Finally, savings is based on the marginal propensity to save and not the
autonomous level of consumption. Note that we also allow international trade in the model to
examine how the policy affects agricultural exports and assume a flexible exchange rate.

Results

To test the validity of the model, we introduce each shock separately and examine if the
direction of changes to the agricultural and forestry sectors are as predicted. Then, we introduce
all shocks simultaneously to analyze the net effect.

Table 3 shows the effect of each individual shock (sales tax reduction, business tax reduction,
and carbon tax imposition) along with the simultaneous effect of all shocks in the agricultural
sector during the first two years of the policy. Figures 1 and 2 show the percentage changes in
output, exports and fossil fuel use in each year. We find that the value of agricultural output
increases by 0.94% after the first year and 1.77% in the second year. The impact of just the
carbon tax in the agricultural sector leads to a reduction in value by 0.08% and 0.24% in the first
two years of the policy, respectively. This is mainly due to a decrease in fossil fuel expenditures
by 32%. However, this negative impact is offset by the reduction in sales tax which increases
the value of agricultural output by almost 2% in the second year. This may be due to an influx in
both labor and capital into the agricultural sector since the cost of these inputs decline from a
reduction in sales tax.

During the second year of the policy, the value of output increases because of a rise in domestic
output by 1.44% and an increase in price by 0.30%. Not all output is consumed in-state because
approximately 61% is exported. The net effect of the policy is a minimal increase in exports by
1.45%. Since world prices are not affected by the policy and the value of domestic production
increases by only 1.77%, we expect such a small positive impact on exports.

The direction of change in the agricultural sector is similar to the forestry sector but the net
effects are not as large as shown in Table 4 and Figures 3 and 4. The aggregate value of output
increases by 0.19% in the first year and 0.13% in the second year due to the price rising in the
sector. The increase is primarily driven by the inflow of labor and capital into the sector due to
the reduction in sales tax. The overall growth in the sector after the policy is smaller compared
to the agricultural sector because the forestry sector is not exempt from the fossil fuel tax. The
fossil fuel tax alone reduces the value of output in the forestry sector by 0.26% in the first year
which is three times larger in reduction compared to the agricultural sector during the same time
period. In the second year, the fossil fuel tax alone reduces the value of output by 0.55% which
is more than double the case of agriculture during the second year.
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Table 3. Effect of 1-732 on the Agricultural Sector.

Base Sales tax B&O tax Carbon . Total
. . Total difference
(Year 0) reduction reduction tax
from base
Year 1
Value of output (mill) $12,505 $12,629 $12,511 $12,495 $12,623 $117
S&Eﬂ?ty of domestic $12,505  $12,580  $12511  $12519  $12,607 $101
Quantity of exports $7,625 $7,668 $7,630 $7,643 $7,690 $65
Output price $1 $1 $1 $1 $1 $0
Fossil fuel
expenditures (mill) $195 $196 $195 $195 $197 $2
Year 2
Value of output (mill) $12,505 $12,753 $12,512 $12,475 $12,727 $222
(?J‘tz[‘l?ty of domestic $12,505  $12,672  $12512  $12515  $12,686 $180
Quantity of exports $7,625 $7,711 $7,630 $7,646 $7,736 $111
Output price $1 $1 $1 $1 $1 $0
Fossil fuel $195 $198 $195 $195 $198 $3

expenditures (mill)

Figure 1. Year 1 Percent Changes in Agricultural Measures Relative to the Base Year.

1.20%

1.00%

0.80% -

0.60% -

0.40% -

0.20% -

0.00% -

M Sales tax reduction

B&O tax reduction

M Carbon tax

W Total

-0.20%

-0.40%
Value of

output (mill)

Fossil fuel
expenditures
(mill)

Quantity of
exports

Quantity of Output price
domestic

output
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Figure 2. Year 2 Percent Changes in Agricultural Measures Relative to the Base Year.

2.50%
2.00%
1.50% -
M Sales tax reduction
1.00% -
B&O tax reduction
0.50% M Carbon tax
. 0 7
H Total
0.00% -
-0.50%
Value of Quantity of  Quantity of Output price  Fossil fuel
output (mill) domestic exports expenditures
output (mill)

Approximately 42% of products from the forestry sector are exported. During the first year of the
policy, forestry exports increased by 0.14%. However, by the second year of the policy, exports
decline by 0.03% which is primarily due to a 0.19% decline in domestic output. The decline in
output during the second year occurs because the forestry sector faces the full $25/ton of
carbon unlike the agricultural sector. Therefore, we find that sectors in the economy can grow
after the full policy is implemented even if they are not exempt from the carbon tax. These
sectors that benefit from the revenue-neutral tax policy are likely labor and capital intensive and
have relatively little fossil fuel expenditures compared to other inputs in production.

Even with the carbon tax exemption, the agricultural sector does see a reduction in fuel use
after the implementation of the policy as shown in Table 5. This corresponds to a 9% drop in
carbon dioxide emissions from that sector. Since the forestry sector faces the full carbon tax
rate, the percentage drop in fuel and reduction in carbon dioxide emission level is higher at
11%.
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Base  Sales tax B&O tax Carbon . Total
(Year 0)  reduction  reduction tax Total fdlfference
rom base
Year 1
Value of output (mill) $1,115 $1,117 $1,116 $1,112 $1,117 $2
Quantity of domestic $1,115 $1,114 $1,116 $1,113 $1,115 $1
output
Quantity of exports $472 $472 $473 $471 $473 $1
Output price $1 $1 $1 $1 $1 $0
Fossil fuel $17 $17 $17 $17 $17 $0
expenditures (mill)
Year 2
Value of output (mill) $1,115 $1,119 $1,116 $1,108 $1,116 $1
Quantity of domestic $1,115 $1,113 $1,116 $1,111 $1,113 -$2
output
Quantity of exports $472 $472 $473 $470 $472 $0
Output price $1 $1 $1 $1 $1 $0
Fossil fuel $17 $17 $17 $17 $17 $0

expenditures (mill)

Figure 3. Year 1 Percent Changes in Forestry Measures Relative to the Base Year.

0.30%
0.20%
0.10% -
M Sales tax reduction
0.00% -
B&O tax reduction
B Carbon tax
-0.10%
M Total
-0.20%
-0.30%
Value of Quantity of  Quantity of Output price  Fossil fuel
output (mill) domestic exports expenditures
output (mill)
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Figure 4. Year 2 Percent Changes in Forestry Measures Relative to the Base Year

0.60%
0.40%
0.20% -
0.00% 1 B Sales tax reduction
0.20% B&O tax reduction
=U. 0
B Carbon tax
-0.40% M Total
-0.60%
-0.80%
Value of Quantity of  Quantity of Output price  Fossil fuel
output (mill) domestic exports expenditures
output (mill)

We also find differential effects of agricultural product consumption across household income
brackets as shown in Table 6.° The biggest gains in consumption based on output levels are
from the higher income brackets. As we go to the lower income brackets, the consumption gains
become smaller but as we reach the lowest income bracket, the consumption of agricultural
production actually rises. We attribute this increase in consumption by the lowest income
households to the state subsidies received by these households from the Working Families Tax
Rebate program. The lowest income bracket sees the largest percentage increase in
agricultural consumption. It has resulted in an increase in agricultural consumption by 2.6% and
4.5% in the first two years respectively. For all other income brackets, the increase in
agricultural consumption is 0.4% in the first year and 0.8% to 1% in the second year.

Table 5. Change in Fossil Fuel Use and Carbon Dioxide Emissions.

Fossil fuels (gallons) Emissions (MT)
Before After Before After
Agriculture 60,454,193 54,714,528 593,090 536,781
Forestry 5,373,854 4,784,914 52,721 46,943

® We do not show this data for the forestry sector because households in the IMPLAN data do not directly
purchase from this sector. Instead, they are used in inputs for other items consumed by households such
as the construction sector or agricultural sector.
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Table 6. Household Agricultural ($ million) Consumption by Income Category and Year

Income Level Baseline Year 1 Year 2
<$10k $45.03 $46.22 $47.06
$10-$15k $30.18 $30.30 $30.41
$15-$25k $83.70 $84.04 $84.38
$25-$35k $97.70 $98.11 $98.54
$35-$50k $160.00 $160.68 $161.48
$50-$75k $282.97 $284.20 $285.77
$75-$100k $249.49 $250.58 $252.01
$100-$150k $339.70 $341.18 $343.18
$150k+ $319.25 $320.58 $322.44

Discussion and Summary

This study analyzed the effect of the revenue-neutral carbon tax suggested by I-732 on the
agricultural and forestry sectors of Washington State. We find that the value of output in the
agricultural and forestry sectors rise by 1.77% and 0.13%, respectively, during the second year
of the policy. Our simulations are constructed to evaluate the effects of I-732 during the first two
years of the policy, when the carbon tax reaches $25/ton, the sales and business taxes are
reduced, and the agricultural sector is subjected to a partial exemption from the carbon tax.
Exports rise by 1.45% in the agricultural sector while the forestry sector show a decrease by
0.03%. Average household consumption of agricultural products increases, with the high
income and lowest income households seeing the largest increases in consumption. We find
that as long as a sector does not have a large expenditure share of fossil fuel in their production
of a good, they may see an increase in growth after the implementation of the policy even
without any exemptions as shown in the case of the forestry sector.

Overall, the agricultural sector will see a modest gain in year 2. As the fossil fuel tax rises over
time, the increase in value of output will be lower, holding all other factors such as technological
development constant. When the carbon tax is fully implemented in the agricultural sector, its
impact will vary greatly depending on the extent to which the sector substitutes to technologies
that requires less carbon. In this regard, the agricultural sector has a significant advantage
compared to the other sectors in the economy, which will have to substitute to less carbon-
intensive technologies while continuing to pay the full-amount of the carbon tax.

The effect of the carbon tax on the value of output in the forestry sector is slightly more
significant than the agricultural sector, mainly due to the sector’s lack of a partial carbon tax
exemption. This has interesting repercussions to the cellulosic biofuel sector currently in its
infancy. As carbon-intensive inputs become more expensive across the state, the demand for
low-carbon energy alternatives, such as advanced biofuels sourced from agricultural and
forestry sectors, will likely increase. Our analysis indicates that the initial impact from the
revenue-neutral carbon tax will be minimal on these sectors, and may eventually lead to
expansions as cellulosic feedstock refining technology improves.
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