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January of 2014 saw the legalization of the sale of recreational mar-
ijuana in Colorado, but further stipulated the first $40 million from 
a 10% excise tax on retail marijuana be reserved for public school 
capital construction. This draws upon the wider issues that Colorado’s 
tax revenues are interchangeable, and as such taxes can be reallocated 
accordingly which may obstruct current federal education-based ini-
tiatives such as grants. Therein, aim of this paper remains to detect if 
the relationship between earmarked marijuana tax dollars and gov-
ernment grants to CPE is one of replacement or supplementation. This 
will be done by implementing a standard ordinary-least squares (OLS) 
method combined with a restricted and unrestricted model comparison. 
The econometric analysis concludes replacement, and subsequently goes 
onto consider possible policy implications and extensions to this study. 

Introduction

In January of 2014, the sale of recreational marijuana became legal in Colorado. 
The amendment which accomplished this, Amendment 64, required that the 

first $40 million from a 10% excise tax on retail marijuana be earmarked for 
public school capital construction. Once it was clear that revenues from this tax 
would exceed $40 million inside a few years, lawmakers changed this policy to 
earmark revenues in excess of $40 million (from what was now a 15% excise tax) 
for the state public school fund. Therefore, the marijuana industry’s funding of 
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Colorado public education (CPE) is explicitly made proportional to its own rev-
enue by state law. This likely influenced certain demographics – namely parents 
and educators- in their stance on legalization and the growth of the recreational 
marijuana industry in general. These demographics are especially amenable to 
such measures due to Colorado’s poor performance in many areas of public ed-
ucation finance.  

However, if Colorado’s tax revenues are fungible – that is, if monies can be 
easily reallocated from one sector to another, there is a possibility that hypoth-
ecations of tax revenue from the marijuana industry could replace some state 
and federal grants rather than supplement them. This would mean that these in-
jections would fail to close Colorado’s education funding gap. In general, the 
certainty of some future funding for a particular sector can encourage those in 
charge of fund distribution to direct generic monies away from that sector in 
the future or the present. This can cancel out the positive effects of new revenue 
sources or, if the average amount of money leaving a sector due to this phenome-
non exceeds the amount of earmarked money coming in for a given period, cause 
total funding to decrease over time.

There is empirical evidence for this phenomenon. In Ohio, the hypotheca-
tion of casino revenues to public schools encourages lawmakers to reduce edu-
cation funding on the grounds that schools have consistent revenue from other 
sources. These cuts are larger on average than the revenue coming in from casi-
nos, resulting in an overall widening of the funding gap (Hollinger, 2015).  Like-
wise, the presence of state lotteries, the revenues of which are allocated largely 
or entirely to education, is found to have no effect on the proportion of education 
expenditure due to the ineffectiveness of earmarking as a means of bolstering 
funding (Jones, 1994). However, there is also evidence that hypothecation can 
occur without significant displacement. For instance, while the introduction of 
earmarked gambling revenues in Illinois, Michigan and Missouri displaced a small 
amount of education funding, total funding was virtually unaffected and even 
stabilized following the emergence of these revenue sources (Ozurumba, 2009). 

Clearly, it is not settled whether setting aside revenues for the reduction of 
specific funding gaps is a reliable strategy. The intricacies of local, state and federal 
budgetary politics make discussing this question in theoretical terms cumber-
some. Until tax policy research unearths the characteristics which make a state’s 
tax revenues fungible, empirical investigations of the financial effects after the fact 
are the most valuable resources for policymakers. 

The avenues of funding between the retail marijuana industry and CPE have 
been open for four years. The aim of this paper is to detect whether the relation-
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ship between earmarked marijuana tax dollars and government grants to CPE is 
one of replacement or supplementation. I find that the empirical evidence sug-
gests replacement, and recommend that the earmarks be removed from excise 
tax dollars before Colorado’s schools become dependent on revenues from the 
marijuana industry.

Data and Empirical Approach
This analysis conducts ordinary least squares (OLS) estimation using 

monthly multivariate data from March 2014 to November 2017 on the following 
variables: 

•	 grants: State and federal grants to Colorado public schools and PK-12 edu-
cation programs, collected from grant payment detail reports on 882 grants 
compiled by the Colorado Department of Education (CDE) (2017a).

•	 salestax and extax: Sales and excise tax revenues from retail marijuana, 
collected from tax reports compiled by the Colorado Department of Rev-
enue (2018).

•	 enrollment: Public school enrollment numbers, collected from CDE files 
on pupil membership from pre-school to 12th grade (2017b). 

•	 propvoter40plus: The proportion of registered voters over 40, collected 
from voter demographics reports compiled by the Colorado Secretary of 
State (Williams, 2017).

Observations are used in a linear regression of the form:
∆grantsi = β0 + β1∆extaxi + β2∆salestaxi + ui

where variables preceded by ∆ are calculated as the change in dollars from 
last month, and ui is the random error term. Due to the fact that excise tax dollars 
are earmarked and sales tax dollars are not, a regression which includes only total 
tax revenue as an explanatory variable fails to capture the effects of earmarked 
monies as opposed to generic monies.  Likewise, a regression which includes only 
excise tax dollars fails to correct for the impact of generic tax dollars on the size 
of government coffers. Hence, I have decomposed tax revenue into excise tax 
and sales tax.

Under the assumption that earmarked monies are replacing state and feder-
al grants, we would expect to estimate a negative value for β1. This would indicate 
that an increase in excise tax revenue- a definite future injection into CPE- would 
accompany a decrease in state and federal grants. Revenue from sales tax is split 
between state and local government tax coffers, with 90% going to the former. 
Therefore, we would expect to estimate a positive value for β2, as the monies de-
scribed by ∆salestaxi should contribute by some amount to the monies described 
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by ∆grantsi. 
In order to detect changes in the electorate or in public schools across the 

state which might affect ∆grantsi, I compare the explanatory power of the re-
stricted model above with the unrestricted model
∆grantsi = β0 + β1∆extaxi + β2∆salestaxi + β3enrollmenti + β4propvoter40plusi 

+ ui

Limitations on Inference
The most severe limitation on inference from this paper is sample size. As 

mentioned, the avenues of funding between the retail marijuana industry and 
CPE have only existed for four years. It is reasonable to speculate that trends 
which emerge within four years of a change to tax policy may not persist on lon-
ger time scales, or that the most drastic effects have yet to emerge.

Additionally, there is some seasonality in grants which creates outliers in 
the data. Somewhat predictably, the sum of CPE grants jumps drastically follow-
ing the beginning of the school year.

It is possible that more precise estimations of the coefficients in both models 
could be obtained by weighting observations in September. No effort has been 
made to do this here, as determining accurate values for these weights would 
require an estimation of the magnitude of this seasonal effect using large pools 
of data. Since the aim of this study is to determine which of two effects has oc-
curred, not to produce accurate estimations of CPE funding based on marijuana 
tax revenue, it is assumed that neglecting to omit or weight these outliers will not 
significantly impact results. 

Lastly, precise interpretation of the models is curtailed by multicollinearity 
between the predicators. Increases in excise tax revenue for a particular prod-
uct are obviously related to increases in sales tax revenue for that same product. 
While the explanatory power of each model as a whole remains unaffected by 
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this characteristic, the variance of the coefficient estimates is higher due to cor-
relation between the explanatory variables. However, this correlation is not as 
tight as one might expect, presumably due to sales tax rounding and variation 
between retail marijuana establishments. OLS regressions of each retail marijua-
na tax component on the other return values of R^2 less than 0.5, indicating that 
the variance inflation factor (VIF) of each of these variables is low enough that 
this characteristic can be safely ignored.  Furthermore, I would reiterate that this 
study does not aim at precise estimates of the coefficients in either model but only 
at obtaining their signs and rough magnitudes.

Results
OLS estimation using the restricted model returns the following:

Replacing the relevant parameters in the restricted model with their esti-
mated values gives:

∆grantsi=-4231593-30.77∆extaxi+32.64∆salestaxi

Including enrollment and propvoter40plus returns the following:
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Neither of the variables unique to the unrestricted model is found to have 
significant explanatory power. Due to the fact that the adjusted R^2 of the re-
stricted model is greater than its unrestricted counterpart, only the restricted 
model will be interpreted. Furthermore, the intercept term is found to be sta-
tistically insignificant and to vary wildly between models. This does not affect the 
restricted model’s ability to be interpreted in the context of this study, as I am 
interested only in the information captured by the coefficients, but it precludes 
the possibility of using either model to forecast values for the dependent variable 
with any sort of accuracy. 

Interpretation of Results
The signs and rough magnitudes of the coefficients in the restricted model 

suggest replacement and are significant at \propto=0.05. Again, not too much 
should be made of the exact estimations of \beta_1 and \beta_2 due to the in-
ferential limitations discussed earlier, but even the 95% upper bound of \beta_1 
in the restricted model, estimated to be -6.85, suggests a more than one-to-one 
degree of replacement of state and federal dollars by excise tax dollars in CPE 
funding.

Policy Implications
Based on the results of this study, Colorado’s tax revenues are highly fungi-

ble, and this has allowed state and federal grants to CPE to be replaced by excise 
tax revenues rather than supplemented with them. It is recommended that ear-
marks be removed from excise tax dollars, as unmarked dollars from sales tax 
do not exhibit this replacement property. The fact that sales tax revenues exert 
a significant positive effect on CPE funding suggests that Colorado’s education 
funding gap would be reduced more quickly if the stream of generic tax revenue 
from the retail marijuana sector to government coffers consisted of both sales and 
excise tax dollars.

These results should not be interpreted as evidence against earmarking in 
all cases. Hypothecation may be appropriate for specific projects and sectors, and 
may even be effective at closing education funding gaps in certain states, as sug-
gested by Ozurumba (2009). However, it appears that the dynamics of financial 
politics pertaining to CPE funding are such that hypothecation is an inappropriate 
response to Colorado’s poor performance in education finance.

It is worth noting that the demographics most concerned with education 
finance overlap strongly with the demographics most disapproving of recreational 
marijuana, and that the financial relationship between the two sectors is in dan-
ger of becoming one of dependence. If government funds are being taken out of 
CPE in expectation of compensating injections from the retail marijuana industry, 
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Colorado’s schools may become financially dependent to some degree on that 
industry’s success. Therefore, it is recommended that the earmarks be removed 
soon, before this relationship is given a chance to develop. Fortunately, the data 
used in this study suggests that tax revenues from retail marijuana currently make 
up only a small proportion- less than 2%- of total CPE funding, so the degree of 
dependence, if any exists, is likely to remain small for some time.

Further Investigation
The precision of policy research in this area increases with time. In the 

context of the method used in this paper, available data and sample size increase 
as policies sink in. It is recommended that similar investigations of Colorado’s 
situation be made in the future. Additionally, some investigation into the effects 
of seasonality in the dependent variable grants may improve the accuracy of co-
efficient estimates. Lastly, as the legalization of recreational marijuana continues 
to crop up as a salient issue in many states, it is likely that there will be more 
opportunities- and perhaps obligations- in the coming years to conduct this sort 
of investigation in different political and economic environments. In the likely 
event that legalization laws pass in more states, it is imperative that the field of 
tax policy research provides sufficient advice on how to make the most of these 
new revenue sources. 
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