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Section 1
INTRODUCTION

1.1 Introduction
This literature review assembles, reviews, and assesses information related to the methods
by which cannabis is cultivated primarily in the state of California. It provides a general
overview of cannabis-related laws and regulations that have been proposed or adopted in
California and elsewhere, the potential effects on the environment from cannabis
cultivation, and recommended measures to address such potential effects. The goal of the
review is to develop a better understanding of the existing body of knowledge associated
with cannabis cultivation, including where sound research exists and where research is
lacking. The review is also intended to support the California Department of Food and
Agriculture’s (CDFA’s) development of regulations to implement its Medical Cannabis
Cultivation Program (MCCP, Program), which includes a cannabis cultivation licensing and
track-and-trace program; as well as development of the related California Environmental
Quality Act (CEQA) environmental impact analysis (EIR).

1.2 Background

In late 2015, the California State Legislature passed, and Governor Brown signed into law,
the Medical Cannabis Regulation and Safety Act (MCRSA or Act) 1. This Act, consisting of
three separate bills (Assembly Bill (AB) 243, AB 266, and Senate Bill (SB) 643), outlines a
new structure for regulation and enforcement of cannabis production and use in California.
The Act addresses issues such as cultivation, manufacture of cannabis products, quality
control and inspection, distribution, dispensaries, and prescriptions for patients. The Act
establishes new licensing procedures for various aspects of the production process.
Cannabis is currently a Schedule 1 controlled substance under federal law. Individuals
engaging in cannabis cultivation and related activities risk prosecution under federal, State,
and local law.

The Act identifies a number of State agency responsibilities, including tasking CDFA with
licensing commercial cannabis cultivation, as well as establishing a “track and trace” system,
which involves development of a unique identifier for each plant, a reporting system, fees,
and documentation of the path of plants from cultivation to distribution.

In compliance with the Act’s requirements, CDFA will develop regulations to establish a
licensing program and a track-and-trace system. CDFA is preparing a program
Passed in 2015 as the Medical Marijuana Regulation and Safety Act, and later amended to its current name
the Medical Cannabis Regulation and Safety Act in 2016. The Act is codified in various provisions of the
Business and Professions Code, Labor Code, Fish and Game Code, Food and Agricultural Code, Health and
Safety Code, Revenue and Taxation Code, and Water Code, and as subsequently amended; please see
Appendix A for a compiled version of MCRSA, current as of publication of this document.

1
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environmental impact report (PEIR) to provide the public, responsible agencies, trustee
agencies, and permitting agencies with information about the potential environmental
effects associated with the adoption and implementation of these statewide regulations.

1.3 Objectives

The objectives of this literature review are to:
•

develop a better understanding of the existing body of knowledge associated with
the impacts of cannabis cultivation on the environment;

•

build a basis of the best available evidence for use in the CEQA process; and

•

•

identify where sound research exists and where research is lacking;

support development of regulations and EIR.

The review evaluates both information that is specific to cannabis cultivation as well as
more general information based on other forms of agriculture, ecological principles/theory,
or similar types of investigation and research. The literature review identifies the
conclusions considered to be the best available science and expert opinion on the topic, and
identifies data gaps.

1.4 Organization of this Document
The document is organized as follows:

Section 1 – Introduction provides an overview of the document purpose and context.

Section 2 – Methodology provides a description of the methods used in conducting the
literature review.

Section 3 – Description of Cannabis Cultivation presents a description of existing and
reasonably foreseeable future cannabis cultivation activities.

Section 4 – Summary of Existing and Proposed Regulations provides an overview of existing
and proposed cannabis cultivation regulations and ordinances which have been adopted or
proposed in California and other locations.
Section 5 – Impacts of Cannabis Cultivation is divided into subsections based on the resource
and topic. Each subsection summarizes, the range of information available, the information
available on the topic, and data gaps. The section is organized into the following categories
(based on the resource topics found in Appendix G of the State CEQA Guidelines):
5.1

Aesthetics

5.2

Agriculture and Forestry Resources

5.3

Air Quality
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5.4

Biological Resources

5.5

Cultural Resources

5.6

Energy Use and Greenhouse Gas Emissions

5.7

Geology and Soils

5.8

Hazards, Hazardous Materials, and Human Health

5.9

Hydrology and Water Quality

5.10

Land Use and Planning

5.11

Mineral Resources

5.12

Noise

5.13

Population and Housing

5.14

Public Services

5.15

Recreation

5.16

Transportation and Traffic

5.17

Tribal Cultural Resources

5.18

Utilities and Service Systems

Section 6 – Recommendations provides recommendations for environmental management
measures for inclusion in the MCCP to address identified potential impacts.

Section 7 – References Cited lists resources cited in the Literature Review.

Section 8 – Literature Review Preparers presents the individuals involved in preparing the
review.
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Section 2
METHODOLOGY

The literature review began with the collection of information sources with relevance to
CDFA’s MCCP, and associated cannabis cultivation activities and impacts. The search drew
upon the following sources, identified more specifically in Section 7, References Cited:
•

Web searches on cannabis cultivation and associated topics, including online
newspaper and magazine articles.

•

Relevant statewide, regional, and local rules, regulations, and legislation.

•
•

•

•

•

•

•

Site visits to growing operations, including outdoor, indoor, mixed-light, and
nursery cultivation facilities, and consultation with cannabis cultivators and other
cannabis experts.
The California Natural Diversity Data Base statewide inventory, including the
California Department of Fish and Wildlife’s (CDFW’s) Special Animals List and list
of State and federally Listed Endangered and Threatened Animals of California.
The United States (U.S.) Fish and Wildlife Service’s (USFWS’s) list of special‐status
animals, management plans, and critical habitats.

Information available from the USFWS, State Water Resources Control Board
(SWRCB), California Department of Parks and Recreation, National Park Service,
Bureau of Land Management, U.S. Department of the Interior, and CDFA websites,
including agency reports and planning documents, and those of other federal and
state agencies.
The California Historical Resources Information System and other archival facilities.

Searches of academic journals and scientific periodicals using online abstracting
services.
Police and law enforcement reports.

Wherever possible, information presented in this Literature Review was gathered from
governmental agencies, research groups, and peer-reviewed literature. However, for a
number of topics related to cannabis, no such resources exist. In these cases, information
available through web searches and popular press articles was used; note that the accuracy
of such information is not verifiable. That said, for the resources that have been used, they
are believed to be sufficiently accurate to support the purpose of the Literature Review.
Many agency reports include discussion of potential impacts, but often lack documentation
when discussing the extent of potential impacts that occurred or were occurring. Peerreviewed journal articles provided documentation of some specific impacts, but many
impacts were not found in the peer-reviewed scientific literature.
Medical Cannabis Cultivation Program
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Additionally, while the review focuses on California, it also considers information from
other geographic areas (such as Washington, Colorado, and other countries) where existing
programs regulate cannabis cultivation. Similarly, the literature review considers
information that is not specific to cannabis cultivation in California, but provides important
analogous information (such as adult recreational use of cannabis and agricultural
cultivation of other crops).
The search resulted in a bibliography containing 600 sources, which were subsequently
catalogued based on the resource topics addressed and whether the citation contained
substantive scientific and regulatory information (see Appendix B, Bibliography of
Literature Reviewed). The citations relevant to each resource topic were then reviewed in
further detail. Those that represented, in the authors’ judgment, the best available science,
are presented in the Literature Review. Note that the Literature Review only cites a subset
of the references reviewed; the complete bibliography of references is presented in
Appendix B.

Within each topical subsection, the review is organized into an introduction, a description of
the potential impact mechanisms that could result from cannabis cultivation components or
associated activities, a description of the information in the literature with respect to these
mechanisms, and overall conclusions based on the information found and data gaps
identified.

Note that while this literature review considers the environmental resource topics typically
evaluated under CEQA, the literature review is not intended to serve as an impact analysis
pursuant to CEQA. In particular, the impact analysis is conducted in the abstract, meaning
that it has not considered a proposed Project and compared it against baseline conditions.
Rather, the evaluation more broadly considers the types of impacts that appear to be
reasonably foreseeable from cannabis cultivation in order to inform development of
regulations under the MCCP.
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Section 3
DESCRIPTION OF CANNABIS CULTIVATION

3.1 Introduction
The purpose of this chapter is to provide information regarding the history and growing
requirements for cultivating the cannabis plant, to describe cannabis cultivation techniques
and typical operating practices, and to discuss the resource needs of cannabis cultivation
operations. Descriptions provided in this chapter are meant to capture existing and
reasonably foreseeable future cannabis cultivation activities that could occur under CDFA’s
MCCP. Sources used in the preparation of this chapter include online guidance and
information, local and state agency guidance or regulatory documents, other published
literature, and information provided by cannabis growers and observed by technical staff
during field visits of cannabis cultivation sites. The information provided by cannabis
growers during field visits of cannabis cultivation sites was understood by technical staff as
data based on personal experience, individual intelligence, or personal, and sometimes sitespecific, recommendation. As such, while these references are instructive in providing an
intimate and knowledgeable perspective on cannabis cultivation, they are not all
encompassing or definitive.

3.1.1 History

Cannabis cultivation, specifically that of the Cannabis sativa species, began as early as
10,000 B.C. in China and was cultivated primarily for its strength as a fiber and secondarily
for its medicinal uses. Initially, cannabis plants were cultivated for their use as hemp, which
was then used to produce rope, clothing, bowstrings, paper, and, ultimately medicine.
Beginning as early as 2700 B.C. Cannabis sativa was used to treat a variety of ailments
(rheumatism, malaria, gout), and used as an anesthetic during surgeries in the second
century A.D. (Psychology Today 2011a). However, the other cannabis species, Cannabis
indica (named for its use in India), was more known for its uses as a medicinal intoxicant.
Cannabis has a long and continuous history of use in India. The recorded use of cannabis
dates to as early as 2000 to 1400 B.C. and has been used in some religious ceremonies
(commonly as the cannabis-infused drink “bhang”) (Psychology Today 2011b). Other
historical cannabis uses include but are not limited to animal feed and paint oils (U.S. Drug
Enforcement Administration [DEA] Museum and Visitors Center 2016).

Since these early beginnings, the use of cannabis for medicinal purposes has spread
globally. Cannabis was transported to the Americas in the mid-1500s by Spaniards. North
American plantations grew cannabis (as hemp) for its fiber uses in paper, clothing, and rope
(DEA Museum and Visitors Center 2016). Between the 1850s through 1915, cannabis was
widely used throughout the U.S. as a medicinal drug and could be purchased in pharmacies
and general stores (Advanced Holistic Health 2016). In California, prior to 1910, cannabis
was known as “hashish” or “Indian hemp” and was associated initially with east Indian
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immigrants of Sikh religion and Punjabi origin. Between 1910 and 1920, “marihuana” was
transported by Mexican immigrants and soldiers to California. In 1913, the California
legislature adopted the Poison Act bill to effectively ban all medical uses of hemp drugs (CA
NORML Costs of Prohibition 2012). However, the use of cannabis became increasingly
common in the 1920s and continued to become more and more popular. In 1937, the
federal Marijuana Tax Act classified cannabis as a drug and criminalized its use. In 1996,
California’s passage of Proposition 215, or the Compassionate Use Act of 1996, legalized the
use of cannabis for medical purposes for people suffering from human immunodeficiency
virus infection and acquired immune deficiency syndrome, cancer, and other serious
illnesses (Health and Safety Code, Section 11362.5). On November 8, 2016, Proposition 64,
the Adult Use of Marijuana Act (AUMA), was passed by California voters, to establish a
comprehensive system to legalize, control, and regulate the cultivation, processing,
manufacture, distribution, testing, and sale of nonmedical marijuana, including marijuana
products, for use by adults 21 years and older, and to tax the commercial growth and retail
sale of marijuana. Other states have legalized cannabis for medicinal and recreational uses;
see Section 4 for a more detailed description of this topic. Cannabis remains illegal federally,
and is classified as a Schedule 1 narcotic; however, the Ninth Circuit Court of Appeals
recently determined that the federal government cannot conduct enforcement actions
against individuals who are acting in compliance with state cannabis laws (United States v.
McIntosh (9th Cir. Aug. 16, 2016, Nos. 15-10117, 15-10122, 15-10127, 15-10132, 15-10137,
15-30098, 15-71158, 15-71174, 15-71179, 15-71225) 2016 U.S. App. LEXIS 15029).

3.1.2 Overview of Cannabis Plants and their Optimum Growth Conditions

Cannabis cultivation techniques, operations, and requirements are based in part on meeting
the basic needs of the cannabis plant for its growth and survival. Basic requirements of
cannabis plants, which are vascular plants 2, include light, water, nutrients, and air (CO2) to
perform the process of photosynthesis 3 and ensure the survival of the plant. Other
environmental factors that can affect the plant’s growth and/or the plant’s rate of
photosynthesis and the corresponding transpiration4 process are temperature and
humidity. To perform photosynthesis, small, regulated openings in the plant leaves called
stomata can be opened and closed by “guard cells” to allow for gas exchange (CO2 to be
absorbed and oxygen to be released) between the leaves and the atmosphere. In addition,
transpiration typically occurs through open stomata. The guard cells surrounding the
stomata open the stomata when environmental conditions (light and moisture) are
conducive to growth and close the stomata during darkness, high heat, and drought/low
water conditions. Moderate temperatures (70 to 85 degrees Fahrenheit [oF]) are generally
best for cannabis plants; although ideal temperatures correspond to the light conditions,

2 Vascular plants, which include all seed-bearing plants, have the vascular tissues xylem and phloem. Xylem
tissues in plants provide support and conduct water and nutrients upward from the plant roots. Phloem
tissues conduct foods made in the leaves to other parts of the plant where it is needed (Dictionary.com 2016,
Photosynthesis Education 2016).
3 Photosynthesis is the complex process by which CO , water, and certain inorganic salts are converted into
2
carbohydrates by green plants, algae, and certain bacteria, using energy from the sun and chlorophyll. Plants
perform this process because it provides the food and energy needed for growth and cellular respiration.
(Dictionary.com 2016, Photosynthesis Education 2016).
4 Transpiration is the loss of water from a plant, primarily through leaf stomata.
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with higher temperatures generally being best when more light is available (Ed Rosenthal’s
Marijuana Grower’s Handbook 2016). Temperatures that are too low or too high may cause
the plant to stop growing or cause plant tissue damage. Relative humidity 5 is a
consideration for optimum cannabis plant growth. The specific needs of the cannabis plant
(including temperature and nutrients) differ among its growth periods. Therefore, cannabis
cultivation techniques may be modified between growth periods or designed to minimize
the loss of water from the plant (i.e., create a more humid environment), and generally
create optimum growth via supplemental CO2 during photosynthesis periods or
temperature and humidity control.
Cannabis is typically a dioecious plant, meaning that plants are characteristically designated
either male or female, although hermaphrodite plants can occur. The female plants produce
the flower buds that are used for cannabis products. Male plants are generally not used in
cannabis cultivation operations except to fertilize female plants and allow for the
production of cannabis seeds.

There are two species of cannabis that are most commonly used for medicinal purposes:
Cannabis sativa and Cannabis indica. These species have also been bred together over the
years to create hybrids. Cannabis sativa plants are usually grown outdoors, are tall (up to 20
feet high), have long narrow leaves, and are loosely branched. Cannabis indica plants,
typically grown indoors, are short, densely branched, and have wider leaves. (Leafscience
2016). Another species of cannabis, Cannabis ruderalis, is less commonly used since it has
lower cannabinoid levels.

Cannabinoids

Cannabinoids are a group of chemical compounds that naturally occur in cannabis plants 6.
Although over 60 different cannabinoids have been identified, federal restrictions on
cannabis- and cannabinoid-research has been a significant contributor to data gaps for
evidence-based information about the health effects of these chemical compounds (Healy
2017). Two cannabinoids that have been well characterized in available literature are
tetrahydrocannabinol (THC) and cannabidiol (CBD). THC has been reported to provide
analgesic, anti-spasmodic, anti-tremor, anti-inflammatory, and appetite stimulant
properties (GWPharmaceuticals 2016). CBD has been reported to provide antiinflammatory, anti-convulsant, anti-oxidant, neuroprotective, and anti-psychotic properties
(GWPharmaceuticals 2016). In addition to other plant breeding considerations, cannabis
plant strains have been bred to contain “high” amounts of either of these two cannabinoids
for greater potency. The presence of THC and CBD is expressed as a percentage of the total
cannabinoids in a cannabis sample; as an example, strains of “high THC” generally contain
THC levels greater than 20 percent (Leafly 2016a). Because many popular cannabis strains
have little to no CBD, strains are considered to have “high CBD” if the levels are greater than
4 percent (Leafly 2016a). CBD levels may be much higher (approximately 15 percent or
more) in specially bred cannabis strains intended for medical use (GrowWeedEasy 2016a).

Relative humidity is the percentage of water vapor in the area at a specific temperature compared to the
maximum capacity of water vapor at that specific temperature.
6 Cannabinoids have also been found to naturally occur in humans as “endocannabinoids” and can be created
synthetically. (GWPharmaceuticals 2016).
5
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The final amounts of THC and CBD in processed cannabis buds is largely determined by
genetics (GrowWeedEasy 2016a).

Terpenes

Terpenes are volatile aromatic molecules (pungent oils) that are produced in the cannabis
plant’s resin7 glands, evaporate easily, and are responsible for most of the scents and smells
associated with cannabis plants (Alchimia Blog 2014). Terpenes evolved naturally in the
plants to lure pollinators, repel fungus, and serve as a defense mechanism against predators
(Alchimia Blog 2014, Leafly 2014, ProjectCBD 2016). Factors that may affect a cannabis
plant’s terpene development include climate, weather, age and maturation, fertilizers, soil
type, and even the time of day (Leafly 2014).

There are more than 100 types of terpenes, and each cannabis plant strain has a unique
terpene profile (Alchimia Blog 2014). The primary terpenes, which all provide different
medicinal benefits, include a-pinene, linalool, betacaryophyllene, myrcene, and limonene.
Terpenes, or terpenoids, can be found in a variety of other plants. For example, these
primary five terpenes are also respectively found in pine needles, lavender, black pepper,
hops, and citrus (Alchimia Blog 2014). The endless possibilities of terpene combinations
found in cannabis plants are responsible for the variations in taste and effects of cannabis
(Alchimia Blog 2014). Benefits of terpenes include anti-inflammatory, memory
enhancement, analgesic, anti-anxiety, sleep aid, treatment of acid reflux, and antidepressant (Alchimia Blog 2014). Other effects of terpenes include synergistic interaction
between cannabinoids-terpenoids (amplify the beneficial effects of CBD), inhibitory
interactions, increased assimilation of THC; or they may affect the two main
neurotransmitters that regulate mood and behavior (dopamine and serotonin) (ProjectCBD
2016, Alchimia Blog 2014).

3.2 Overview of Cannabis Cultivation Techniques

Cannabis cultivation can be generally divided into three basic categories: outdoor, indoor,
and mixed light. Each of these is described in turn. Nurseries involve a particular type of
cultivation, and their techniques are also described. A combination of these cultivation
techniques may occur at one site.

3.2.1 Outdoor Cultivation

Outdoor cultivation is conducted primarily outside of buildings and without the use of highintensity artificial lighting (supplemental lighting indoors may be applied by outdoor
cultivators to maintain immature plants prior to transplanting outdoors.) Cannabis plants
may be grown in fabric pots 8, grow bags 9, planters, raised beds, or directly in the ground
Resin is a natural organic substance formed in plants that can be used to make various products (MerriamWebster 2016). In the case of cannabis, resin glands (trichomes) are the plant structures that primarily
contain the cannabinoids and terpenes (Cannabis Grow Bible 2016).
8 Fabric pots are also known as smart pots. Smart pots are made from a geotextile fabric that is very durable
and allows the pots to last for approximately 5 to 7 years. The pots are typically in black or tan colors. These
7
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(natural soils). Cannabis strains typically used for outdoor cultivations are bred to require
less time to reach the flowering stage (How to Grow Marijuana 2016). While crop yield and
plant size can vary based on regional climates and environmental settings, typically outdoor
cannabis cultivation produces one harvest per year and cannabis plants tend to grow
taller—as high as 15 feet or more—when compared to plants grown in mixed-light or
indoor cultivation conditions.

Outdoor cultivation activities typically involve planting rooted-cannabis cuttings or seeds in
the early spring and harvesting the plants in the fall (mid-September through November)
after the plant flowers. Soils used in the pots or grow bags are typically amended to ensure
nutrients are available to the plants throughout the growing season. Compost teas, or a
water-based diluted liquid compost, may also be used to fulfill nutrient needs. Water and
nutrient supplement needs for outdoor cultivation may vary depending on the growing
container selected. For example, raised beds typically require more watering and additional
liquid nutrient application compared to other growing container options.

The size of outdoor cultivation operations may vary widely depending on the container
selected and other factors. For example, fabric pots range in size from 1 to 200 gallons,
which correspond to diameters ranging from 7 to 50 inches (Marijuana Growers
Headquarters 2016a). Grow bags also have varying sizes, and raised beds can be built to a
preferred size.

3.2.2 Indoor Cultivation

Indoor cultivation is conducted within buildings without the use of natural light. The goal of
indoor cultivation is “to create an environment that maximizes the quantity and quality of
cannabis flower buds produced” (Arnold 2013). High intensity lighting is used to stimulate
photosynthetic activity and plant growth, and the period of light (photoperiod) is changed
each day to simulate the seasonal changes in daylight which trigger various growth stages
of the plant. In some cases, the intensity of light is also changed throughout a particular
photoperiod to simulate the changing intensity of the sun throughout the day. Lower
intensity lighting can be used to extend the photoperiod and keep an immature plant in a
vegetative, or pre-flowering, state and prevent flowering. Because of the controlled
environment, the rate at which the photoperiod changes, compared to seasonal changes in
the length of daylight, can be accelerated. This causes the plant to progress more rapidly
through its vegetative and flowering stages, allowing for multiple harvests over the course
of the year. Up to five harvests per year can be accomplished using these methods (Cannabis
Candor 2016).
The cannabis strains selected and the lighting availability affect the cannabis plant’s growth
rate and, as such, the length of time spent in each growth stage. For example, hybrid species
with more Cannabis indica characteristics have shorter growth and flowering cycles than

pots allow for increased aeration and retain less heat than regular/plastic pots or grow bags (Marijuana
Growers Headquarters 2016a).
9 Grow bags are semi-perforated plastic flexible bags. Challenges associated with use of grow bags include
difficulty in moving larger bags, and they are hard to properly water once torn (Marijuana Growers
Headquarters 2016a).
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those with more Cannabis sativa characteristics (Bienenstock 2008). Additionally, providing
the plants with more light during photoperiods by using, for example, reflectors, growing
plants in rooms that are painted white, and/or growing with more intense lights can
increase the rate of plant growth.
Other considerations to the cultivation of cannabis in an indoor environment include
selection of a plant growth media, ventilation, and climate control of the cultivation space.
Plants are grown in soils or in a hydroponic system. Hydroponic (sometimes referred to as
agroponic) methods involve placing plants in an inert, sterile growth media (i.e., perlite, clay
pellets, peat moss, vermiculite, rockwool, coconut coir) and then growing the plants by
providing all of the plant’s required nutrients in a water-based mixture. Application of the
water/nutrient mixture may occur via drip irrigation, the ebb and flow method (i.e.
periodically flooding the plants’ roots), or continuous flow (i.e., providing a constant flow of
the nutrient mixture over the plants’ roots) among other methods. The hydroponic method
can be preferred because the pH and nutrient mixtures are easily measured and controlled
compared to soils, and these systems may be less likely to host pests or diseases since the
medium is inert.

Ventilation and climate control systems are critical components of indoor cultivation
operations, helping to ensure an environment healthy for cannabis plants but inhospitable
to fungi. These systems are used to create optimum growing temperatures and humidity
levels for the cannabis plant, minimize plant water loss during growing periods (so the
plant’s growth is not limited), and prevent fungal growth, which thrives in humid
environments with poor air circulation. To facilitate air circulation in sealed grow rooms or
ventilated rooms where the outside air has high humidity (greater than 50 percent),
dehumidifiers may be used to remove extra moisture from the air (Marijuana Growers
Headquarters 2016b). Air ventilation systems that draw in outside air and expel air from
the cultivation room are also useful in regulating humidity and temperature in that
cultivation area. Heating and air conditioning units can be used to control indoor cultivation
area temperatures and, in the case of air conditioning, offset temperature increases from
the use of grow lamps. (O’Hare et al. 2013; Marijuana Growers Headquarters 2016b).

3.2.3 Mixed-Light Cultivation

Mixed-light cultivation is typically conducted within greenhouses using a mixture of
artificial and natural light. For these operations, the photoperiod is manipulated in a similar
fashion as described for indoor cultivation to accomplish multiple harvests per year.
However, the photoperiod is altered by using tarps or other media to block out sunlight and
shorten the photoperiod and/or with the use of artificial grow lamps to manipulate the
photoperiod. Both low-intensity lighting and high-intensity lighting may be used.
Greenhouses are generally built using polyvinyl chloride (PVC) or metal piping to construct
a frame and covering the frame with translucent clear or white plastic. Tarps to control
darkness periods can be located outside greenhouses (generally on top of the frame) or
within greenhouses but above the plants. Mixed-light cultivation operations can utilize
seeds or cuttings to generate crops. Climate and/or air ventilation controls similar to those
described for indoor cultivation may also be used in mixed-light cultivation practices.
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3.2.4 Nurseries
Like other agricultural crops, such as strawberries, cannabis if often cultivated in a nursery
setting before being distributed to cannabis cultivators or retail dispensaries. Nurseries
maintain plants in their vegetative, pre-flowering, state and provide customers with rooted
cannabis cuttings that can then be cultivated to maturity. Cuttings are taken from what is
known as a “mother” plant and placed in a media to root, creating genetically identical
clones. Mother plants are cycled through the process, typically being maintained for several
months in their vegetative stage before being replaced by other clones to maintain health
and vigor. Any female plant can be turned into a new mother plant and grown from a
cutting or from seeds. Nursery operations may be entirely indoor, or use a combination of
outdoor, indoor, and mixed-light cultivation techniques, as described above.
The nursery cultivation process generally involves the following steps: preparation of
cutting materials and growth media, taking cuttings from the mother plant, treating and
planting cuttings, growing the cuttings until roots are well established, and finally,
preparing the rooted cuttings for transport and distribution. Preparation of cutting
materials can include the sterilization of tools to reduce the possibility of fungus, viruses, or
diseases; and pre-soaking the growing medium with pH balanced water. The cutting
process involves selecting branch tips that have at least three nodes (areas where leaves
come out of an individual stem), cutting off one or two leaves at the nodes (farthest from the
branch tip), and making a cut at an approximately 45-degree angle (approximately 0.25
inch below the last node.) Branch tips selected typically range from 2 to 6 inches in length.
Next, a rooting product (gel or powder) may be applied to the cut tip of the cutting to
stimulate root growth. The cutting is then gently placed in an individual growth media
(typically rockwool cubes, but may also include perlite and peat moss), and multiple
cuttings are placed within a single plastic tray. Some cultivators may use a layer of perlite
between the tray and the growing media to allow space for roots to grow once they’ve
grown out of the growth media. Metal shelving units can be used to hold multiple trays at
one time. (Weed Farmer 2016, Marijuana Growers Headquarters 2016c, Pers. Comm. with
Dan Grace 2016, The Weed Blog 2015).

Once all cuttings and their growth medias have been placed on trays, the cuttings are fitted
for ideal climate conditions, temperatures ranging from approximately 72 and 80oF. Climate
conditions are typically manipulated with the use of a covering or humidity dome (clear
plastic lid). The inside of the humidity dome or covering and the plants are misted with a
water-filled spray bottle and the humidity dome or other covering is placed over the tray.
To ensure ideal climate conditions, cuttings are kept covered, apart from removing the
humidity dome or covering temporarily a few times per day (two to three times) to mist the
cuttings and/or allow fresh air under the dome. The cuttings are watered such that the
growth medium does not dry out. For faster root development, heating pads can be placed
underneath the trays, as long as the temperatures are maintained in the ideal range. The
cuttings are typically exposed to bright, but not intense, light for approximately 18 to 24
hours per day. Fluorescent lighting can be used if placed within a few inches of the cannabis
plants, or more intense lighting can be used if placed farther away from the plants (2 to 6
feet depending on light bulb wattage) (Weed Farmer 2016, Marijuana Growers
Headquarters 2016c, Pers. Comm. with Dan Grace, The Weed Blog 2015).
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After cuttings have established roots, they are prepared for final distribution. At final
distribution, a quality assurance/quality control check is completed to verify the health of
the plant, presence of established roots, and inspection for pests. The checked final cuttings
are then placed into transport containers for final distribution. Nurseries typically
distribute plants within a few days (two to three days) of roots becoming established in the
new cannabis plants, although some have reported holding plants for a longer period of
time (several weeks) to meet client needs. Once plants are available for distribution, they
are generally provided to retail dispensaries or to cannabis cultivators directly. The total
length of time between planting a cutting and distribution of a rooted cannabis plant is
approximately 10 days to 3 weeks (Weed Farmer 2016, Marijuana Growers Headquarters
2016c, Pers. Comm. with Dan Grace, The Weed Blog 2015).
Challenges for nursery cultivations are:
•

implementing pest control and management measures;

•

maintaining a continuous cycle of clone batches and healthy mother plants; and

•

•

ensuring optimum growth of the mother plants by meeting the cannabis plant’s
typical vegetative stage climate and growth requirements;
labelling and tracking all clone batches to ensure growth periods are carefully
monitored and the plants are distributed at the optimum time.

3.3 Cannabis Cultivation Techniques, Operating Protocols,
and Other Requirements

This section provides additional details on cannabis cultivation techniques, typical
operating protocols (e.g., wastewater discharge, pesticide use, and waste disposal), and
cultivation requirements related to equipment, workers, security, and water and energy
needs.

3.3.1 Size, Location, and Setting of Typical Cultivation Sites

The size, location, and setting of cannabis cultivation sites can widely vary in part due to the
type of cultivation method. Indoor cannabis cultivation operations potentially have greater
spatial/location diversity than outdoor or mixed-light cultivation operations since the
climatic and growing conditions are more controlled within the facility.

Due to the federally illegal status of cannabis, cultivators have often located operations in
remote, undeveloped, or hidden locations that are difficult to see from nearby roadways,
and discourage federal enforcement activities. California’s Coast Range, Klamath Mountains,
and the Sierra Nevada foothills provide landscape that might disguise cultivation sites and
are examples of ideal regional locations for cannabis cultivation. In California during the
year 2015, the DEA seized 2.4 million outdoor cultivated cannabis plants at 1,893 locations,
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and seized 243,000 indoor cultivated cannabis plants at 645 sites 10 (DEA 2016a). While
some cannabis cultivation activities occur on private lands, historically, cannabis cultivation
has also occurred on public (State or federal [U.S. Forest Service and National Park] lands)
and tribal lands.
Although outdoor and mixed-light cannabis cultivation operations can occur in various
settings depending on site-specific climactic conditions and access to water, these
cultivation operations have commonly occurred on steep slopes (slopes greater than 30
percent), within 500 meters of water bodies, and more than 500 meters from a developed
road (Butsic and Brenner 2016). In the past, cannabis cultivation sites occurred at
elevations of 2,000 to 4,000 feet but have been found more recently at elevations up to
6,000 feet (U.S. Department of Interior 2016a, b). They have also been found in diverse
locations including deserts/arid areas, such as Lake Mead National Recreation Area and
Death Valley National Park (U.S. Department of Interior 2016a, b).

In California, the region known as the Emerald Triangle, consisting of Humboldt, Trinity,
and Mendocino Counties, may be the top cannabis-producing region in the world (Butsic
and Brenner 2016). This region is characterized by less urban development and extensive
natural resources, including large forested areas (including redwoods and other conifers),
steep terrain, and coastal and inland areas (Butsic and Brenner 2016). Coastal areas in this
region experience moderate temperature fluctuations while inland areas experience greater
daily and seasonal temperature fluctuations. Based on an aerial analysis of 60 watersheds
within this region, the average number of plants in individual outdoor and greenhouse
(mixed-light) growing operations were approximately 45 and 86 plants, respectively
(Butsic and Brenner 2016). On a watershed scale, the average number of growing
operations was 71 and the average number of plants was 4,770 (Butsic and Brenner 2016).
Another study of mixed-light cultivation operations in four watersheds in northwestern
California found that the estimated number of plants in greenhouses ranged from
approximately 51 to 84 plants per greenhouse (assuming the total plant count was
distributed evenly amongst the total number of greenhouses) (CDFW 2014a).

In suburban and urban areas, cannabis cultivation operations would generally not include
outdoor cultivation but could include indoor and mixed-light cannabis cultivation
operations in greenhouses, private homes or garages, basements, closets, industrial
buildings or warehouses, including nurseries (Arnold 2013). Local agencies have or are
currently developing specific size and location restrictions for cannabis cultivation activities
(see Section 4.2, Counties and Cities.)

Statewide, outdoor cultivation sizes can vary substantially. For example, San Bernardino
County reported cultivation sites ranging from 1,000 to 15,000 plants, with one site having
60,000 plants (Lahontan Regional Water Quality Control Board [LRWQCB] 2015). Similarly,
other counties have found smaller personal grow operations with fewer plants, ranging
from 300 to 400 plants each, and larger operations, such as one 4- to 5-acre site, having
approximately 15,000 plants (LRWQCB 2015). Grow operations located within the Emerald

It is unknown if seized cannabis plants were cultivated for medical or recreational purposes or some
combination thereof. These values were provided to give some context for how extensive cannabis cultivation
is throughout California.
10
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Triangle region in northwestern California, observed during site visits for the preparation of
this document, ranged in size between 14,000 and 40,000 square feet.

3.3.2 Production Cycle

Cannabis cultivation begins with the selection and planting of cannabis cuttings or seeds.
Where possible, male seeds are separated from the female seeds or, if not caught in the seed
stage, male plants are removed as soon as possible in the cultivation process. The cuttings
or seeds are typically planted in pots with either a growing medium, soil, or an inert
material used in hydroponic cultivation methods. Cuttings are preferred over seeds when
there is a need to better guarantee the genetics of a plant and ensure the consistency of the
cannabis product.

After the plants have developed their first leaves and a healthy root system that extends
through the bottom of the growth media, the cannabis plants are transplanted or repotted
to larger pots where they continue to grow in a vegetative stage. During this stage, the
plants are provided with water and required nutrients (through compost teas or other
amendments), and given adequate light to maintain the vegetative stage (18 hours of
daylight and 6 hours of darkness). Where feasible, other climate conditions (temperature,
humidity, air flow) are controlled to meet the plant’s growth needs. Cannabis plants grow
best if there is air flow through them to avoid air pockets with high moisture. To enable
adequate air flow, oscillating circulation fans can be used. In addition, once the plants have a
healthy root system, older leaves (identified by their pale green or yellow coloring) can be
selectively removed (pruned) from the plants to allow increased air flow, decrease shading,
increase light penetration, and allow plants to focus valuable energy on new leaves (rather
than on older leaves). Pest monitoring and, if determined by the cultivator to be necessary,
pest management activities occur throughout the cultivation period. Once plants reach a
desirable size, they are moved to the flowering phase by altering the light pattern so that
the plants are exposed to 12 hours of light and 12 hours of darkness. In approximately 6 to
14 weeks, the flowers will ripen and be ready for harvesting (Marijuana Growers
Headquarters 2012, Triq Systems 2016).

Harvesting, trimming, drying, and curing are the final steps of cannabis production to
produce the raw cannabis materials that will ultimately be processed and manufactured
into cannabis products. Harvesting occurs when the majority of the plant’s trichomes 11 have
changed from clear to either a light amber or cloudy white color. The primary products
harvested are the cannabis flowers, which are generally located at the top of the plant, and
removed using a sharp pair of pruners. Since flowers at the top of the plant may be riper
than those lower on the plant, harvesting of the top flowers may occur first followed shortly
thereafter by harvesting of the other flowers.

Harvesting and trimming techniques also consider the end users of the plant. Since
cannabinoids are produced only in the trichomes and the majority of cannabinoids occurs in
these tiny resin-filled glands, these are the core material in many types of cannabis extracts

Trichomes are small resin glands protruding from the buds, leaves, and other areas on the plant. This is the
only part of the plant that produces the cannabinoids. They were initially developed as a defense mechanism
to pests and fungal growth. There are multiple types of trichomes on cannabis plants.
11
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and concentrates. Hash and kief are extractions of trichomes and the trichome heads,
respectively. Mature buds (calyx) also have high cannabinoid content and are the other
main parts to be used in cannabis products. Sugar leaves, which are smaller leaves on the
flower, are typically used to make edible cannabis products after they are trimmed, dried,
and cured. Pistils on the plant are female reproductive organs and are not used for any
products since they do not contain cannabinoids. With the exception of the fibers in
cannabis plant stalks and the corresponding uses as hemp for fabric, rope, and oil, cannabis
plant stalks are not considered a usable part of the plant. Branch stems can be used as an
additive for tinctures (an alcoholic extract) but have low cannabinoid levels. Fan leaves (the
larger well-known cannabis leaves) have low cannabinoid content (Kindreviews.com 2016).
Remaining plant materials are either disposed of during plant trimming or sent out for
extractive practices.
While some cultivators sell the entire mature plant for extraction of flowers off site, many
conduct a trimming process on- or off-site. The trimming process occurs either immediately
after the harvest (wet-trim) or during/after the drying process (dry-trim) to remove all or
most of the little (sugar) leaves that sit in between the cannabis buds, and any other
unwanted leaf matter. This process is performed with appropriately sized scissors. Buds are
gently handled and touched as little as possible during the final production processes to
avoid removal of cannabinoids from the plant onto anything that may touch them. Sugar
leaves may be kept for use in edible products. The trimming process is important to remove
plant parts that aren’t useful and to prepare the plants for the next step in the production
process, drying (after wet-trim) or curing (after dry-trim). Trimming techniques vary based
on whether the flower is intended to be sold as-is, in which case the trimming is conducted
to maximize the aesthetic quality of the flower, or processed into another product, in which
case the trimming is focused on other aspects of the flower (e.g., odor and chemical
composition).

Following harvesting or trimming, the flower buds and/or other cannabis products are
dried and then cured. Drying methods may include hanging the flowers or branches from
wire or rope lines, hanging them from mobile, self-supporting wire cages, or spreading
flower buds onto screens. Screen drying is ideal for smaller buds that cannot be hung but is
more labor intensive than other methods; therefore, screen drying is not the preferred
drying method. Drying occurs in a dark, well-ventilated environment. Removing extra leaf
matter during the trimming stage allows for increased air flow around the flowers and
decreased humidity in the drying rooms. Dehumidifiers can be used to lower the drying
room’s humidity to an optimum humidity level (below 30 percent). Drying can take
approximately 5 to 10 days depending on the thickness of the plant and length of the stem.
At the end of the drying process, buds are clipped from the stems to a preferred size, no
more than approximately 3 inches long. The removed stems can be discarded and disposed
of using methods described in Section 3.3.9, “Plant and Soil Waste” (Marijuana Growers
Headquarters 2016b).
The final step in the cannabis production process is curing, which is the process of
performing a slow and controlled drying of the cannabis product to allow chlorophyll in the
plant to naturally degrade, thereby enhancing the cannabinoid content and flavor of the end
product.
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3.3.3 Typical Equipment
Equipment typically used in cannabis cultivation operations includes various mechanical
equipment to control growing conditions, nutrient or chemical products to support growth,
and other equipment to support cultivation activities and minimize the potential effects on
adjacent properties. Note: The following descriptions are intended to provide the reader with
a general understanding of typical equipment that may be used in cannabis cultivation,
whether or not such equipment is recognized as legal or illegal by the State or local
municipalities. CDFA’s MCCP may not license the use of specific equipment or may prohibit the
use of specific equipment, including but not limited to specific equipment wattage levels and
chemical products.
•

•

•

Lights—Proper lighting is important in cannabis cultivation to support the plant’s
growth and/or flowering without causing burn, over growth, or nutrient
deficiencies (The Weed Scene 2016). There are multiple light types that can be used
in the cultivation of cannabis as primary or supplemental lighting sources: highintensity discharge, high-pressure sodium (HPS), light-emitting diode (LED),
compact fluorescent light, and induction lighting. Fluorescent lights are less efficient
than HPS and provide less photosynthetically active radiation (Arnold 2013);
therefore, fluorescent lights would primarily be used for nursery operations instead
of other vegetative or flowering cultivation uses (Pers. Comm. with Dan Grace
2016), or in mixed-light operations where the primary light source for
photosynthesis is the sun. Lighting product examples include the Gavita Pro line,
made by Gavita Holland Professional Lighting, and iGROW induction lights, made by
iGROW. An example of an HPS light is the Gavita Pro 6/750E De Flex which has a
400- to 825-watt range and is used for cultivation. IGROW induction lights are
typically 400-watt full-spectrum lights (equivalent to 600- to 1,000-watt high
intensity discharge lights) that have different bulbs for vegetative growth or
blooming periods (iGROW 2016). Uses of iGROW induction lights include
propagation of cuttings or seeds, and primary or supplemental lighting in
greenhouses. Buying lighting with a control to modify the wattage output can be
useful for the modification of light intensity to suit the plant’s needs.
CO2 generators—CO2 generators can be used during the vegetative growth stages
of cannabis cultivation to produce additional CO2 and enhance plant
productivity/growth. They are only used during light periods when the plants
would perform photosynthesis, and can raise indoor CO2 levels by four times above
natural levels. These generators are typically fueled by natural gas or propane
(O’Hare et al. 2013). This equipment also produces heat and water vapor (Marijuana
Growers Headquarters 2016b).
Temperature/humidity/air flow control—Equipment for temperature, humidity,
and/or air flow control includes ventilation fans, a heating/air conditioner unit, a
thermostat or thermometer, oscillating circulation fans, a hygrometer, and a
dehumidifier. A thermostat or thermometer would be used to verify temperatures
and, for thermostats, control use of the heating/air conditioning unit. Ventilation
fans expel air in an indoor operation to the outside and/or pull in outside air to an
indoor facility. Oscillating circulation fans maintains air flow between plants. A
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hygrometer can be used to verify water content in the air (i.e., determine humidity).
Dehumidifiers would be used to decrease the water content in the air.

Pumps—Pumps may be used to transport irrigation water or compost tea solutions
from a specific location (such as a water reservoir) to the location of the cannabis
plants, and/or used to pump groundwater from a well. In addition, pumps may be
used to keep compost teas and/or hydroponic solutions aerated or to circulate
nutrient solutions through the hydroponic systems. These pumps may be gaspowered or may use other sources of fuel.

Soils, growing media, amendments, and fertilizers—Growth media and soils are
required for growing cannabis plants in any hydroponic systems or containers,
respectively. Soils can be enhanced with fertilizers and soil amendments 12. Growth
media and/or soil amendments may include, but not be limited to, perlite, clay
pellets, peat moss, vermiculite, rockwool, coconut coir, oyster shell, flour, and other
fertilizers, such as feathermeal (an organic fertilizer from processed poultry
feathers). Compost teas can be used to provide cannabis plants with beneficial
microorganisms and rich nutrients. Compost tea materials include compost (or a
pre-mixed compost tea formula), water, tubing, an aeration pump, and a water tank
to hold the tea. Benefits of compost tea and its characteristic cannabis-tailored
microorganisms include protection from powdery mildew, gray mold, and pests;
and a cannabis root system that is stronger, faster growing, more densely branched,
and more resistant to disease, temperature problems, drought, and overwatering.
Containers and support infrastructure—Pots, trays, liners, plastic clear tray
covers (humidity domes), and raised beds can be used during cannabis cultivation,
depending on the needs of the cannabis operation. These containers may be placed
on a plant dolly or plant caddy for ease of moving plants to different areas. In
addition, metal shelving units can be used to store multiple cannabis plants
vertically, which is particularly helpful in nursery operations. Trellises and plastic
netting can also be used to provide plants with support as they grow.

Watering/irrigation equipment and water treatment equipment—In addition
to pumps described above, watering-related equipment for cannabis operations
may include water storage tanks or reservoirs, hoses, PVC pipes, spray nozzles,
and/or drip irrigation equipment. Water treatment equipment can include
chemicals, filters, or similar treatment equipment to modify the pH, and/or treat or
remove other water pollutants (including chlorine).
Shading equipment—To control light exposure, blackout tarps may be used. These
tarps can be used to cover the cannabis plants (on a frame within the greenhouse
but above the plants) or be spread directly over (outside) the greenhouse walls and
roofs. Since the blackout tarps are only needed for select periods within a given day,
a pulley or similar system can be helpful to minimize time spent moving the tarps at
the beginning and end of darkness periods.

In general, fertilizers directly improve plant growth by improving the nutrient supply in the soil. Soil
amendments indirectly improve plant growth by improving a soil’s physical condition so that it may have
greater soil structure or water infiltration. (University of California Agriculture and Natural Resources
Statewide Integrated Pest Management Program 2016)
12

Medical Cannabis Cultivation Program
Literature Review

3-13

February 2017
Project No. 16.015

California Department of Food and Agriculture

•
•

•

•

•

3. Description of Cannabis Cultivation

Greenhouses—Greenhouses are often constructed with a frame of heavy-duty PVC
or metal pipes and plastic clear or white tarp coverings. Glass may be used instead
of the tarps for more established cannabis operations.

Landscaping equipment—Landscaping equipment (i.e., weedwackers, mowers)
may be necessary to manage vegetation growth near greenhouses. Pruning shears
and/or scissors are used during cannabis trimming and/or foliage maintenance
activities. Saws, including chainsaws, may be necessary to remove trees during site
development or to harvest large outdoor cannabis plants.

Electrical systems and other energy sources—Wires and other electrical
equipment may be necessary to connect an electrical source to the cultivation
buildings and/or equipment. It is recommended that a dedicated electrical circuit
for indoor cannabis cultivation systems be used to provide versatility and future
expansion of electrical components, reduce the risk of fire, and reduce overloaded
circuits (Arnold 2013). Energy sources may also include the use of off-grid diesel or
gasoline fuel generators (O’Hare et al. 2013).

Odor control equipment—To counter the distinguishable odor of the cannabis
plant, primarily by flowering plants, odor control equipment such as carbon filters
(also known as carbon scrubbers), which contain activated carbon, can be used. The
activated carbon in the filters would remove odors via a chemical process as air is
pulled through the ventilation system to outside air. Odor neutralizer products may
also be used but are not effective for more than a few plants and are not
recommended to be kept in the same room as the cannabis plants (GrowWeedEasy
2016b, How to Grow Marijuana 2016).
Pesticides—Pesticides and equipment to apply pesticides (e.g., spray applicators)
may be used in cannabis cultivation, as described in Section 3.3.4, “Pesticide and
Chemical Use.” Workers may use personal protective equipment during application.

In addition to the equipment listed above, heavy construction equipment (such as
bulldozers or graders) may be used for site preparation activities (e.g., slope leveling and
road grading) prior to the commencement of cannabis cultivation operations.

3.3.4 Pest Control and Chemical Use

Cannabis cultivation may be impacted by pests (insects and mammals), diseases, and fungus
growth (O’Hare et al. 2013). Pests may be transported to cannabis cultivation locations via
delivery of cannabis cultivation materials (cuttings, soil, or plants) or workers’ clothing or
shoes, or occur as a result of climatic growing conditions (humidity/temperature). In
addition, larger mobile pests (such as gophers or deer) may travel to a cultivation site.
There are reportedly more than 250 insects and mite pests that have been associated with
cannabis plants (Medical Marijuana 2016). Potential common pests affecting cannabis
plants include, but are not limited to mites (e.g., spider, russet, broad, and cycloman), white
fly, fungus gnats, root aphid, thrips, powdery mildew, fungus, pond mildew/botrytis, deer,
rats, squirrels, and gophers. Cannabis cultivation methods (indoor versus outdoor) and
cultivation locations (rural versus urban) also are factors affecting the likelihood of a
particular pest occurring at a particular cultivation location.
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Members of the California Growers Association and the California Cannabis Industry
Association, and unaffiliated cultivators, were surveyed in person and with an anonymous
online survey regarding pests encountered and pesticides used. In some cases, surveys
were completed during one of 10 cannabis cultivation, nursery, or supply store site visits.
Six of the 10 site visits were conducted in either Sonoma, Mendocino, Humboldt or Trinity
Counties. Additional surveys were completed during one of eight scoping meetings held
throughout the state. Sixty-three responses were received. Powdery mildew, mites, bud rot,
and fusarium wilt were the most frequently and commonly reported pests.

The pest management process typically involves cultivators carefully inspecting plants
throughout the cultivation process and using traps (sticky traps or otherwise) to capture
plant pests. Traps can be a helpful tool in capturing insect pests so that they may be
identified and an appropriate pest management treatment implemented. Identification of
pests can require use of a microscope or other magnifying tools.

Management options for these diverse pests vary by pest type but may include application
of non-chemical and/or chemical (pesticide) treatments. Non-pesticide treatments involve
application of compost teas, biological-based foliar sprays, citric acid, stylet oil, lady bugs,
aloe vera extract, green lacewings, rogue beetles and predatory mites, use of feral cats, or
use of a solar beeper (Oregon Live 2015, Marijuana Growers Headquarters 2016b).
Biological-based foliar sprays, such as Serenade (containing Bacillus subtilis), can prevent
and treat fungal outbreaks by protecting plants with bacteria that are in a symbiotic
relationship with the cannabis plants (Marijuana Growers Headquarters 2016b). In
addition, pests, diseases, and fungus can be prevented by best management practices
(BMPs), including cleanliness, climate control measures (such as adequate air circulation),
and plant foliage management (by removing unnecessary leaves/branches or using netting
or twine to improve air flow between plants). In general, indoor cultivation areas would
ideally be kept clean to minimize the transport of pests or fungal spores. For example,
carpet, curtains, fabric, and trash from the grow room can potentially harbor fungal spores
and should be kept out of indoor growing areas. Linoleum flooring is ideal in indoor
cultivation areas to allow for use of bleach on equipment/flooring to prevent fungal spore
development or transport (Marijuana Growers Headquarters 2016b).

Pesticide treatments (both “organic” and otherwise) can be used during the vegetative
periods of cannabis plant growth. Growers sometimes apply prophylactic treatments for
difficult pests that are not detectable with the naked eye, such as mites. Non-organic
chemical-based pesticides may include but not be limited bleach, abamectin, floramite,
bifenthrin, Physan, Regalia, and Grandevo. Organic fungicides are those that contain copper
or sulfur (Marijuana Growers Headquarters 2016b). Results of the survey described above
reported use of 75 active ingredients. In general, some cultivators may utilize pesticides
that have broadly written labels, such as for use on “other fruiting trees” or “intended for
nursery production.” Warfarin, a rat poison, has been used in outdoor cultivation
operations (Live Science 2014). Based on anecdotal information, rodenticides may typically
only be used on more rural public lands and not on private lands since cultivators on
private lands may have a greater desire to produce organic products.
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3.3.5 Energy Sources and Usage
Cannabis cultivation equipment, particularly lighting and climate control equipment
required for indoor and mixed-light cannabis cultivation operations using high-intensity
lighting, requires a relatively large amount of energy (or electricity) for operation. As
described by Mills (2012), specific energy uses in indoor grow operations include highintensity lighting, dehumidification to remove water vapor and avoid mold formation, space
heating or cooling during non-illuminated periods and drying, pre-heating of irrigation
water, generation of CO2 by burning fossil fuel, and ventilation and air conditioning to
remove waste heat. Additionally, reliance on equipment can vary widely based on
differences in factors such as plant spacing, layout, and the surrounding climate of a given
facility. Substantial energy inefficiencies also arise from air cleaning, noise and odor
suppression, and inefficient electric generators used to avoid conspicuous utility bills (Mills
2012). As a result of these appliances and systems, Mills (2012) estimates that cannabis
production requires eight times as much energy per square foot as a typical U.S. commercial
building (four times that of a hospital), and 18 times that of an average U.S. home (Mills
2012: page 61).

Energy demand has been estimated to comprise approximately one-third of the total
production costs for an indoor growing operation; a major difference compared to outdoor
grows, or mixed-light grows using low-intensity lighting, which require little to no energy
(O’Hare et al. 2013). According to estimates by the Northwest Power and Conservation
Council, 1 kilogram (kg) of cannabis produced indoors requires 4,000 to 6,000 kilowatt
hours (kWh); this is compared to just 16 kWh to produce 1 kg of aluminum, which is
typically considered to be an energy-intensive product (Reitz 2015). O’Hare et al. (2013)
report similar numbers, but also notes that when considering the high unit value of
cannabis (approximately $2,000 per pound wholesale), energy represents a smaller fraction
of the cost. For example, based on aluminum’s unit value of $0.90 per pound, it takes 8,000
kWh to make $1,000 worth of aluminum versus 1,000 kWh to make $1,000 worth of
cannabis (O’Hare et al. 2013).

Typically, a connection to a local electricity provider’s electrical system/network is used as
a primary energy source for equipment. For example, in Humboldt County, Pacific Gas &
Electric Company is the main electricity supplier (Arnold 2013). Additional energy sources
for both indoor, mixed-light, and outdoor cultivation equipment could include, but not be
limited to, on-site solar panels or diesel/gasoline generators.

3.3.6 Water Sources and Usage

Somewhat conflicting information is evident in the literature in regards to the water
demands of cannabis plants. Cannabis is often described as a high-water use plant (Carah et
al. 2015; Bauer et al. 2015; Reitz 2015). For example, Bauer et al. (2015) reports that
cannabis plants consume up to 22.7 liters (approximately 6 gallons) of water per day. Carah
et al. (2015) similarly reports that in the California north coast region, an estimated
22 liters of water or more per plant per day are applied during the June–October growing
season. Both authors draw the comparison of wine grapes in the California north coast
region, which use an estimated 12.64 liters (approximately 3.34 gallons) per plant per day

Medical Cannabis Cultivation Program
Literature Review

3-16

February 2017
Project No. 16.015

California Department of Food and Agriculture

3. Description of Cannabis Cultivation

(Bauer et al. 2015), and conclude that cannabis is therefore twice as “thirsty” as wine
grapes, the other major irrigated crop in the region (Carah et al. 2015).

By contrast, Hammon et al. (2015) reported that water use requirements for outdoor
cannabis production (25 to 35 inches per year) were generally in line with other
agricultural crops, such as corn (20 to 25 inches per year), alfalfa (30 to 40 inches per year),
tomato (15 to 25 inches per year), peach (30 to 40 inches per year), and hops (20 to 30
inches per year). Lindsay (2012) similarly cites a UC researcher who suggested that
cannabis will do well under irrigation management, and, as a small-acreage crop, will use
far less water than crops, such as cotton. Other estimates of daily water usage per cannabis
plant include 5 gallons (Live Science 2014), 6 to 8 gallons (CDFW 2016a), and during a field
visit conducted by technical staff, one grower reported applying just 2 gallons of water daily
per plant.

A number of factors affect the source and usage of water for cannabis cultivation, including
but not limited to the cultivation method, climate and location of the cannabis cultivation
site, growth stage of the cannabis plant, irrigation system design, and quantity of cannabis
plants. In general, rural cannabis grows rely upon water diversions from local water bodies
(e.g., streams or lakes), rainwater capture, or groundwater wells. Rural sites may have onsite water tanks or reservoirs to store water for future use. Cannabis cultivation operations
in urban or suburban environments are more likely to use water from municipal water
systems for operations. In these cases, the potable water sources may be modified prior to
application to the cannabis plants to ensure proper pH. Drip irrigation systems, particularly
those with a timer, are less likely to provide excess water quantities or lose water to
evaporation.
In a study of cannabis cultivation in Humboldt County, outdoor cultivation operations used
less water on average than greenhouse and indoor cultivation operations. Approximate
water use for an outdoor cultivation site was 27,470 gallons on average annually and
ranged from approximately 1,220 to 462,000 gallons annually. Annual water usage for a
greenhouse operation averaged approximately 52,300 gallons and ranged from
approximately 610 to 586,000 gallons annually (Butsic and Brenner 2016). During a field
visit conducted by technical staff to an outdoor cultivation site, a cultivator reported using a
total of approximately 75,000 gallons for 1 year’s entire cannabis crop. Even greater, Mills
(2012) estimated that one indoor cultivation room (237 square feet) requires 151 liters
(approximately 40 gallons) per day (O’Hare et al. 2013). O’Hare et al. (2013) notes that this
level of water application is much higher than traditional soil-grown water application.

3.3.7 Wastewater Discharge

Wastewater may be generated during cannabis cultivation operations from irrigation
runoff, human waste, or stormwater runoff. In urban settings, wastewater may be
discharged into the local sewer or wastewater system. In outdoor areas, the wastewater
may be discharged to detention ponds, open ground, local water bodies, or via sheet flow.
Discharges of wastewater from cannabis cultivation operations may contain sediments,
chemical, human waste, and trash (Central Valley Regional Water Quality Control Board
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[CVRWQCB] 2015a). Sources of sediments in wastewater are graded roads, grow sites, and
spoil sites; improperly constructed and unmaintained stream crossings and culverts;
and/or development within and adjacent to wetlands and riparian zones (CVRWQCB
2015a). Chemicals transported in wastewater may include but not be limited to fertilizers,
pesticides, herbicides, fungicides, and rodenticides, petroleum products, and other
chemicals associated with pumps and cultivation equipment. Human waste and household
refuse and trash associated with cannabis cultivation may also be transported in
wastewater and discharged off site (CVRWQCB 2015a).
Many cultivation sites currently have on-site wastewater treatment facilities that are in
need of maintenance, and many lack a system entirely (North Coast Regional Water Quality
Control Board [NCRWCB] 2016, LRWQCB 2015).

3.3.8 Solid Waste Generation and Disposal

Cannabis cultivation operations generate solid waste from materials and containers used
during cultivation (e.g., soils, fertilizers, pesticides, and pots), household trash from
workers, old irrigation or other equipment. Some cultivators report generating minimal
waste due to reuse of pots and other equipment. Solid waste generated per grow site has
been reported to be approximately 500 to 600 pounds (LRWQCB 2015). Some solid waste
disposed of on site in garbage pits (8 feet by 8 feet by 8 feet) contained fecal waste, tubing,
propane tanks, chemical containers, and chemicals (LRWQCB 2015). As an example of the
quantity of waste that can be generated by cannabis cultivation activities, in 2010, cannabis
cultivation activities within California National Forest sites generated approximately 130
tons of trash, 300 pounds of pesticides, 5 tons of fertilizer, and nearly 260 miles of irrigation
piping (Live Science 2014).

3.3.9 Plant and Soil Waste

Green waste is generated throughout the cannabis cultivation process: as part of foliage
management activities, during the final harvesting and trimming activities, and following
harvesting to allow for a new crop to be planted. While some cultivators may use sugar
leaves, branch stalks, or stems for various cannabis or hemp products, typically the
remainder of the cannabis plant, after harvesting the flowers, would be considered green
waste. Removal of some of the larger plants, particularly for outdoor cultivation operations,
would require use of a saw due to the strength and thickness of the plant’s stem. Green
waste can be disposed of via chipping, composted, and/or thrown in the trash. Green waste
is generally not piled and kept in proximity of any active cannabis crops as botrytis or other
fungal pest issues may occur on the waste, and then spread to the living cannabis plants.

Soils used in cannabis cultivation may be treated, reused, discarded, and/or stockpiled.
After harvesting and removal of the cannabis plants, soils may be reused for future harvests
by piling and covering soils with tarps for an extended period of time (months to a year)
and allowing the heat from the sunlight to remove (i.e., kill) any potential soil pathogens or
pests. Another practice to allow for soil reuse is to run a compost tea through the soils
between harvests to restore soil nutrients. Soils that have not had chemicals applied to
them generally do not have salt issues and could be reused. Another component of soil
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reuse can include laboratory testing of soil samples to identify nutrient deficiencies or other
issues. Identifying such deficiencies allows for the soil to be properly treated or amended
with fertilizers or other soil amendments prior to reusing the soil with a new cannabis crop,
thereby correcting these deficiencies.

3.3.10 Site Development, Grading, and Disturbance 13

Development of a site to support cannabis cultivation includes a variety of grading and
disturbance activities. Heavy construction equipment would typically be required for these
activities. Examples of past and potential future site development activities related to
cannabis cultivation include but are not limited to:
•

filling watercourses or wetlands;

•

creating perched fill;

•
•

•

•

clearing natural vegetation, including trees;
constructing water storage reservoirs (pits in the ground);
drilling groundwater wells; and

cutting steep slopes, roads, or fill prisms that cannot be stabilized sufficiently to
prevent erosion and sediment delivery to surface waters (either on or off site)
(NCRWQCB 2015a).

3.3.11 Staffing

The number of staff needed for cannabis cultivation varies based on the stage of cultivation
(e.g., growing versus harvesting), size of the cultivation operation, and type of cultivation
operation. Worker roles for cultivation operations generally fall into two categories:
cultivators and trimmers. Cannabis cultivators are generally those who care for the plant
throughout its life cycle. Some operations may have specialists: a cultivation expert, who
provides guidance and oversees the growth operations, particularly for indoor or mixed-use
operations, and/or a pest detection expert, who monitors the plants for pests and
prescribes treatment methods if pests are detected. Additional workers are typically needed
for trimming operations, which involve carefully picking cannabis buds off of dried stems,
and trimming off unwanted material. Finally, additional employees may be needed to
package the products for distribution/sale.
In general, larger cannabis cultivation operations would require more workers than smaller
cultivation operations since there would be more plants to harvest and process. Since
indoor and mixed-light gardens have multiple harvests a year, often they require greater

13 Note that site development is outside the scope of CDFA’s licensing authority under the proposed MCCP,
However, a description of typical activities is intended to provide the reader with a general understanding of
site development sometimes associated with cannabis cultivation. Site development, grading, and disturbance
activities conducted for the purposes of cannabis cultivation may require appropriate permitting and/or
jurisdictional discretionary agency approval; and past and potential future site development could be
recognized as illegal or prohibited depending on site-specific details.
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numbers of workers and/or more workers on a frequent basis than outdoor growth
operations (Leafly 2016b).

The typical number of full-time workers for a mid-size cultivation operation ranges from
approximately three to five, though these numbers increase greatly during
harvesting/trimming activities (approximately 300 temporary employees). A large nursery
(20,000 square feet) employed approximately 50 workers year-round. One 17,000-squarefoot mixed-light operation employed three workers year-round, with another approximate
20 trimmers assisting at each harvest (information based on field visits).

3.3.12 Security Systems

Cannabis cultivation sites require a variety of security measures to protect against theft,
unauthorized entrance into areas containing cannabis, and other safety issues. Some
measures may only be feasible for certain cannabis cultivation methods (e.g., indoor or
nursery facilities may have different security measures than outdoor facilities or mixedlight facilities). Typical security measures employed include but are not limited to the
following:
•

Locating a cultivation operation in a remote area and/or an area not visible off of
main roads.

•

Use of a security camera system to record activities within the cultivation site and
immediately outside of the site.

•

Performing cannabis operations within an enclosed and, ideally, locked building.

•
•

Not displaying any signs with the business name or signs that could otherwise be
indicative of the cannabis cultivation activities.
Use of a gated fence around the property (gate access could require a code).

•

Using an alarm system for the site or the building and motion-activated lighting
around the site.

•

Maintaining security personnel and/or dogs onsite or ensure offsite security
personnel are able to respond quickly.

•

Using weapons,

3.3.13 Ancillary Activities

To support the cultivation of cannabis, particularly in remote areas, temporary or
permanent housing may be constructed for workers. Some workers may camp onsite,
particularly those that may only be temporary employees used for trimming or harvesting
activities. Kitchen areas may also be developed (National Park Service 2016). These
workers may generate trash and human waste that may not be disposed of properly.
Potable water supplies and wastewater facilities (septic systems or other alternatives)
would be needed to support the cultivation workers. For permanent housing, electricity
would be required to support lighting and climate control needs of residential workers.
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Section 4
SUMMARY OF EXISTING AND PROPOSED REGULATIONS

4.1 Introduction
This section of the Literature Review summarizes existing and proposed regulations
specific to cannabis cultivation which have been proposed or adopted by local and State
agencies (besides the MCCP), as well as in other states and countries.

MCRSA establishes a regulatory framework in which numerous State agencies must
establish policies, procedures, and oversight for the regulation and enforcement of cannabis
production and use in California. Some State agencies that are assigned roles within this
framework have already instituted programs and policies governing aspects of cannabis
cultivation and use, such as issuing identification cards to qualified patients, requiring
sellers of medical cannabis to hold a seller’s permit, and enforcing unauthorized water
diversions and pollutant discharges related to cannabis cultivation. In 2015, two Regional
Water Quality Control Boards (RWQCBs, Regional Water Boards) adopted the first
regulations requiring cannabis cultivation sites over specified size thresholds to implement
BMPs to reduce environmental impacts (see “Regional Water Quality Control Boards”
below). The Act specifies new requirements for agencies with existing programs and
policies regarding cannabis, which generally will result in an expansion of existing efforts.
The Act also requires agencies that have not previously addressed cannabis to initiate
programs and policies. Additional topics that must be addressed by State agencies under the
Act include:
•

further regulation and enforcement of the environmental impacts of cannabis
cultivation (Fish and Game Code Section 12029);

•

tracking the movement of cannabis items (Business and Professions Code Section
19335);

•

•

•

•

conditions under which cultivation may occur (Business and Professions Code
Section 19322, 19323);

transportation and storage of cannabis (Business and Professions Code Section
19326, 19337, 19338);

production and labeling of edible cannabis products (Business and Professions Code
19332.e.3, 19332.5.c, 19341, 19347); and
guidance for pesticide application on cannabis (Business and Professions Code
Section 19332.b and 19332.f), as described in Section 4.3, State Agencies.

In general, counties and cities in California vary in their stance towards cannabis
cultivation, with some jurisdictions banning the practice altogether, some allowing limited
cultivation for personal use, some allowing large commercial production, and some still
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debating the issues. In general, of the jurisdictions that have allowed some level of
cultivation, many have imposed similar regulations with respect to mitigation of potential
impacts. Common restrictions include but are not limited to:
•

setback requirements (e.g., 1,000 feet from a school or similar land use);

•

prohibition on cultivation activities being visible from the public right-of-way;

•

compliance with applicable laws and regulations, including building, fire, and
electrical codes, and those related to water use and diversion and hazardous
materials storage and disposal.

•

implementation of security measures to prevent unauthorized access and theft of
cannabis; and

That being said, while there are similarities and common requirements across different
local regulations, there are also substantial differences. As shown in Appendix C, Existing
and Proposed Regulations (Tables C-1 and C-2), some jurisdictions have developed general
plan zoning requirements 14, tiered permit or licensing systems, and additional
requirements (e.g., maximum wattage for grow lights, filtration and ventilation systems for
odor prevention), while others have specified fewer restrictions. As with California counties
and cities, other U.S. states and territories that allow medical and/or recreational cannabis
cultivation have imposed a variety of restrictions to mitigate possible impacts. Common
requirements include maintaining cannabis plants within enclosed, locked facilities,
implementing appropriate security measures, and keeping plants out of the public view and
away from sensitive uses such as schools. Nevertheless, there are substantial differences
among states regulatory approaches, with some states specifying zoning districts and other
detailed requirements for cannabis cultivation, and other states identifying minimal
requirements.
In general, other countries where medical and/or recreational cannabis use is authorized or
decriminalized often do not allow cannabis cultivation, and, if they do, they may not
prescribe specific requirements, or information was not found as part of this literature
review regarding specific requirements related to prevention or mitigation of
environmental impacts.

4.2 Counties and Cities

As described above, the literature review found that individual counties and cities in
California vary in their stance toward cannabis cultivation. A number of counties and cities
have adopted ordinances banning the practice altogether; others have developed
regulations allowing limited cultivation of up to 12 plants (indoor only) per patient or

14 General plans are long-range planning documents that cities and counties are required to develop and
periodically update. These documents serve as a blueprint for the future planning and growth of counties and
cities, setting forth development policies, objectives, principles, and standards. Many general plans include
goals and policies intended to preserve natural resources including open space biological resources,
agricultural lands, water resources, and scenic views. Other goals and policies are established to guide
transportation planning, ensure provision of adequate public services, minimize exposure of community
residents to excessive noise, and reduce other environmental effects such as air pollutant emissions.
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qualified provider in line with the Compassionate Use Act; and finally, a number of counties
and cities are still deliberating possible contents/requirements of an ordinance or
otherwise have not yet adopted any regulations (see Table C-1 of Appendix C for a
description of the regulatory status of cannabis cultivation for every county in California).
While it is beyond the scope of this literature review to consider and describe the
ordinances adopted by every county and city in California, a review of the 10 largest cities
in California by population (see Appendix C, Table C-2) showed similar variation across
cities. In general, it is assumed that the majority of cultivation that may occur outside of
major cities under the MCCP would be within unincorporated areas and subject to county
regulations.

As noted above, for counties and cities that have authorized cannabis cultivation, regulatory
requirements for prevention or mitigation of environmental impacts are similar in many
respects across jurisdictions. These include setback requirements, fencing, security
measures, compliance with building and electrical codes, and legal water diversion. While it
is beyond the scope of this literature review to consider and describe the ordinances
adopted by every county or city in California, Table C-1 of Appendix C presents detailed
information on county ordinances regarding cannabis cultivation. Table C-2 of Appendix C
shows cannabis-related ordinances of the 10 largest cities in California by population. A
general note: regulations are described as they exist at the time of writing this literature
review document and are subject to change.

4.3 State Agencies
Under the MCRSA, the following State agencies are in the process of establishing policies,
procedures, and regulations for the regulation and enforcement of cannabis production,
distribution, and use in California. As noted below, some of these agencies had previously
established policies, procedures, and regulations governing aspects of cannabis production
prior to the 2015 Act.

Board of Equalization

AB 266 requires the Board of Equalization (BOE), in consultation with CDFA, to adopt a
system for reporting the movement of commercial cannabis and cannabis products
(Department of Consumer Affairs [DCA] 2016b). Although the sale of cannabis was always
considered taxable, the BOE did not issue seller’s permits to sellers of cannabis until the
Board issued a policy change in October 2005, directing BOE staff to issue seller’s permits
despite the fact that the property being sold may be illegal, or the applicant for the permit
did not indicate what products it sold (BOE 2007). At present, all sellers of cannabis are
required to hold a seller’s permit; however, BOE does not have actual numbers for sellers of
cannabis, because the sellers are not required to identify their business type and can report
total tax sales without categorizing the specific products sold (Horton 2016).

Bureau of Medical Cannabis Regulation

SB 643 provides the DCA with authority to create, issue, renew, discipline, suspend, or
revoke licenses for the transportation and storage (unrelated to manufacturing) of
cannabis, and authorizes DCA to collect fees for its regulatory activities and impose related
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specified duties (DCA 2016b). DCA is in the early stages of establishing the Bureau of
Medical Cannabis Regulation (BMCR), which will issue licenses for distributors,
dispensaries, and transporters. Regulations are anticipated to be developed by January 1,
2018. At present, BMCR is not issuing licenses. In this interim period, interested parties are
advised to continue to work with city or county governments to procure local licenses and
permits required to establish a cannabis business (DCA 2016a).

California Department of Food and Agriculture

The MCCP was initiated within CDFA’s Division of Inspection Service when Governor Brown
signed the MCRSA into law, effective January 1, 2016. Through this program, CDFA will
license cultivators within the state, establish conditions under which indoor and outdoor
cultivation may occur, establish a track-and-trace program for reporting the movement of
cannabis items through the distribution chain, and assist CDFW and the SWRCB in
protecting the environment and public health and safety. CDFA is the lead agency assigned
with the development and regulation of the cultivation licensing and track-and-trace
programs. CDFA anticipates beginning to issue cultivation licenses on January 1, 2018
(CDFA 2016).

California Department of Public Health

AB 243 requires the California Department of Public Health (CDPH) to develop standards
for the production and labeling of all edible cannabis products. CDPH currently administers
the Medical Marijuana Identification Card (MMIC) program, which issues identification
cards to qualified patients, allowing them to use cannabis for medical purposes in
accordance with SB 420 (adopted in 2003). To qualify for the program, patients must be
diagnosed with a serious medical condition, and a physician’s recommendation that the use
of cannabis is appropriate for them must be documented in their medical records (CDPH
2016b). Various activities of the MMIC program are carried out by participating counties,
including processing applications for identification cards, collecting fees from applicants,
issuing State-produced identification cards, and maintaining county records (CDPH 2016a).
As of 2015, 56 of California’s 58 counties were participating in the program (CDPH 2015a).
From its inception in 2004 through October 2015, more than 84,000 MMICs were issued
(CDPH 2015b).

Department of Pesticide Regulation

The MCRSA directs the Department of Pesticide Regulation (DPR) to develop guidelines for
the use of pesticides in the cultivation of cannabis and for residue levels in harvested
cannabis. However, DPR is preempted by federal law from registering a pesticide for sale
and use that is not first registered by the U.S. Environmental Protection Agency (USEPA);
federal law also prohibits DPR from establishing maximum pesticide tolerances for any
cannabis that is used in food (DPR 2015b). DPR has advised county agricultural
commissioners to issue an operator identification data number to any cannabis grower who
submits a valid application, except in counties in which growing cannabis is prohibited by a
local ordinance. The operator identification data are used as an identification number for
the management of pesticide use data. DPR has also outlined the legal requirements for
pesticide use on cannabis, provided guidance on legal pest management practices for
California cannabis growers, and detailed its preliminary pesticide-related enforcement

Medical Cannabis Cultivation Program
Literature Review

4-4

February 2017
Project No. 16.015

California Department of Food and Agriculture

4. Summary of Existing and Proposed Regulations

expectations of County Agricultural Commissioners regarding commercial cannabis
cultivation sites (DPR 2015 a, c; and DPR 2017). Additionally, DPR has notified county
agriculture commissioners that the Federal Insecticide Fungicide Rodenticide Act (FIFRA)
Section 24(c) allows states to issue a special local need registration for a need that cannot
be addressed by a currently registered pesticide product (DPR 2015b). USEPA has indicated
that it would not necessarily reject a FIFRA Section 24(c) registration for cannabis, if the
registration request is for a federally registered pesticide approved for use on food and/or
tobacco by the same type(s) of application methods, on crops with agronomic
characteristics similar to cannabis, and in the same kind of structure as the proposed use.
However, at present, no such registration exists (USEPA 2015).

California Department of Fish and Wildlife

Although cannabis cultivation sites have generally been established without permits, if any
portion of a site is located within the bed, channel, or bank of any river, stream, or lake,
before commencing the activity, the responsible party is required to provide notification of
the activity to the CDFW, pursuant to California Fish and Game Code Section 1602. CDFW
will require a Lakebed or Streambed Alteration Agreement (LSAA) if it determines that the
activity, as described in a complete notification, may substantially adversely affect existing
fish or wildlife resources. An LSAA includes measures necessary to protect existing fish and
wildlife resources. CDFW may suggest ways to modify the project that would eliminate or
reduce harmful impacts to fish and wildlife resources. AB 243 requires the CDFW to
establish a watershed enforcement program to facilitate the investigation, enforcement, and
prosecution of offenses related to cannabis cultivation; to establish a permanent
multiagency task force to address the environmental impacts of cannabis cultivation in
cooperation with the SWRCB; and adopt regulations to enhance the fees for Section 1602
LSAAs for cannabis cultivation sites that require remediation. In April 2016, CDFW issued
public notice of proposed rulemaking for proposed modifications of the fee schedule for
LSAAs, including a fee for cannabis sites that require remediation (CDFW 2016b).
Additionally, CDFW undertakes enforcement activities for offenses related to cannabis
cultivation (CDFW 2014b, c, d).

State Water Resources Control Board

The SWRCB administers water rights permits for the diversion of surface waters (springs,
streams, and rivers), including diversion of water from subterranean streams flowing in
known and definite channels. The granting of a water right provides permission to
withdraw water from a river, stream, or groundwater source for a "reasonable" and
"beneficial" use (CVRWQCB 2016). Water right permits identify the amounts, conditions,
and construction timetables for a proposed water project. Before issuing the permit, SWRCB
must take into account all prior rights and the availability of water in the basin, as well as
the flows needed to preserve instream uses, such as recreation and fish and wildlife habitat
(SWRCB 2016a, b).

The Act contains provisions which are directly relevant to the SWRCB’s water rights permit
process. For example, Section 19332(d) of the Business and Professions code requires that
pursuant to Section 13149 of the Water Code, the SWRCB, in consultation with CDFW and
CDFA, shall ensure that individual and cumulative effects of water diversion associated with
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cultivation of cannabis do not affect the instream flows needed for fish spawning, migration,
and rearing, and the flows needed to maintain natural flow variability. Water Code Section
13149 goes on to describe that this is to be accomplished through adoption of principles
and guidelines for diversion and use of water for cannabis cultivation in areas where
cannabis cultivation may have the potential to substantially affect instream flows. The
principles and guidelines adopted may include, but are not limited to, instream flow
objectives, limits on diversions, and requirements for screening of diversions and
elimination of barriers to fish passage. The principles and guidelines may include
requirements that apply to groundwater extractions where the SWRCB determines those
requirements are reasonably necessary for purposes of this section. The SWRCB, CDFW, and
CDFA are actively coordinating on the development of draft principles and guidelines, which
will be circulated for public review and comment prior to adoption.
Under the Act, MCCP applicants proposing to divert surface water must provide evidence of
a valid water right. Specifically, an application for a license issued by CDFA before January 1,
2020, shall include one of the following:
(1) A copy of a registration, permit, or license issued under Part 2 (commencing with
Section 1200) of Division 2 of the Water Code that covers the diversion.

(2) A copy of a statement of water diversion and use, filed with the State Water
Resources Control Board before July 1, 2017, that covers the diversion and specifies the
amount of water used for cannabis cultivation.
(3) A copy of a pending application for a permit to appropriate water, filed with the
State Water Resources Control before July 1, 2017.

(4) Documentation, submitted to the State Water Resources Control Board before July 1,
2017, establishing that the diversion is subject to subdivision (a), (c), (d) or (e) of
Section 5101 of the Water Code.
(5) Documentation, submitted to the State Water Resources Control Board before July 1,
2017, establishing that the diversion is authorized under a riparian right and that no
diversion occurred after January 1, 2010, and before January 1, 2017.

For an application for a license issued after December 31, 2019, the application shall include
one of the following:

(1) A copy of a registration, permit, or license issued under Part 2 (commencing with
Section 1200) of Division 2 of the Water Code that covers the diversion.
(2) A copy of a statement of water diversion and use, filed with the State Water
Resources Control Board, that covers the diversion.

(3) Documentation, submitted to the State Water Resources Control Board, establishing
that the diversion is subject to subdivision (a), (c), (d) or (e) of Section 5101 of the
Water Code.
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(4) Documentation, submitted to the State Water Resources Control Board, establishing
that the diversion is authorized under a riparian right and that no diversion occurred in
any calendar year between January 1, 2010, and the calendar year in which the
application is submitted.

In addition to its longstanding responsibility to administer water rights permits, AB 243
requires the SWRCB to address environmental impacts of cannabis cultivation and
coordinate, when appropriate, with cities and counties and their law enforcement agencies
in enforcement efforts. SWRCB, together with the RWQCBs, is developing a regulatory
program to protect waters of the State from harmful activities from cannabis cultivation.
The program will prohibit waste discharges from agricultural practices and land clearing
and grading activities in rural areas and forests (SWRCB 2016a, b). It is anticipated that this
will be accomplished through issuance of a general order which will be similar to, build off
of, and replace, the general orders that have been adopted by the North Coast and Central
Valley RWQCBs, and would apply to cannabis cultivation sites statewide. The SWRCB is
aiming to establish and implement this regulatory program concurrent with issuance of
licenses for cannabis cultivation (January 1, 2018). In the interim period while this
regulatory program is established, other permits (e.g., the General Construction Permit, the
General Industrial Permit, the Irrigated Lands Regulatory Program, municipal stormwater
permits, the general permits established by the North Coast and Central Valley RWQCBs,
and/or individual Waste Discharge Requirements) may apply to cannabis cultivation
activities.

Regional Water Quality Control Boards

Under AB 243, the RWQCBs are required to address environmental impacts of cannabis
cultivation and coordinate, when appropriate, with cities and counties and their law
enforcement agencies in enforcement efforts. Additionally, each Regional Water Board is
required to address discharges of waste resulting from cannabis cultivation and associated
activities, including the adoption of a general permit establishing waste discharge
requirements, or taking action pursuant to waiver provisions described in Section 13269 of
the Water Code. Two of the State’s 12 Regional Water Boards have established regulatory
programs. On August 13, 2015, the NCRWQCB adopted Order No. R1-2015-0023, Waiver of
Waste Discharge Requirements and General Water Quality Certification, establishing
enforceable requirements that apply to cultivation operations over specified size thresholds
(NCRWQCB 2015a). On October 2, 2015, the CVRWQCB adopted Order No. R5-2015-0113,
Waste Discharge Requirements General Order for Discharges of Waste Associated with
Medicinal Cannabis Cultivation Activities, establishing enforceable requirements that apply
to cultivation operations over a specified size threshold (CVRWQCB 2015a). These two
regulatory programs are described in more detail below.
NCRWQCB. The NCRWQCB’s Order No. R1-2015-0023 applies to the cultivation of cannabis
on private land that results in a discharge of waste to an area that could affect waters of the
State (including surface water and groundwater). Cannabis cultivation activities at a given
site fall within one of three tiers (Tier 1, Tier 2, and Tier 3, as described below), depending
on the nature of their operation and risk to water quality. Order No. R1-2015-0023 does not
require permit coverage for any parcel with a cumulative area of cannabis cultivation or
operations with similar potential environmental effects of less than 2,000 square feet where
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there is no potential for discharge of waste. Properties with site characteristics or
development that have impacts that cannot be ultimately mitigated to less than significant
levels require regulation under a separate and individual order. Order No. R1-2015-0023
addresses discharges and related controllable water quality factors from a range of
activities, such as maintenance, activities within and adjacent to wetlands, water diversion,
and waste disposal.
Low risk (Tier 1) sites have a slope of 35 percent or less; a combined total area of cannabis
cultivation of 5,000 square feet or less; no cultivation areas or associated facilities located
within 200 feet of a surface water body; and there is no direct diversion of surface water
from May 15 through October 31. Tier 1 dischargers must adhere to standard conditions in
the Order and self-certify that all requirements are met. A discussion of standard conditions
is provided in Section 5.9, “Hydrology and Water Quality,” of this Literature Review.
Moderate-risk (Tier 2) sites have an area of less than 10,000 square feet and have fully
implemented a water resource protection plan and are determined by NCRWQCB staff or an
approved third party to pose a low threat to water quality based on full compliance with the
Order’s standard conditions. Tier 2 dischargers must develop and implement a water
resource protection plan as detailed in the Order, and comply with the Order’s standard
conditions. High-risk (Tier 3) sites require cleanup, restoration, and/or remediation based
on current or past land development/management activities that have resulted in a
discharge or threatened discharge in violation of water quality standards. Tier 3 dischargers
must develop and implement a cleanup and restoration plan as detailed in the Order, and
comply with the Order’s standard conditions. Enrollment, an annual fee, and annual
reporting are required for dischargers on all tiers, and all dischargers are subject to civil
liabilities and other formal enforcement actions if the applicable requirements are not met.

CVRWQCB. The CVRWQCB’s Order No. R5-2015-0113 applies to cannabis cultivation sites
in which cultivation activities occupy and/or disturb more than 1,000 square feet. Cannabis
cultivation activities at a given site fall within one of three tiers based on threat to water
quality (Tier 1, Tier 2, and Tier 3), as determined by specific physical characteristics of the
operation and its surroundings. Order No. R5-2015-0113 establishes the conditions under
which discharges from sites may be allowed. Low risk (Tier 1) sites have a slope of 30
percent or less; cultivation activities occupy and/or disturb less than 0.25 acre (10,890
square feet) of the parcel, and no cultivation activities or associated facilities are located
within 200 feet of a wetland or a Class I or II watercourse. Tier 1 dischargers must maintain
on site a copy of the CVRWQCB’s Cannabis Cultivation BMPs Manual, included as
Attachment A of the Order. A discussion of the requirements in Attachment A is provided in
Section 5.9, “Hydrology and Water Quality.” Moderate risk (Tier 2) sites have a slope of no
more than 30 percent, cultivation activities occupy and/or disturb less than 1 acre, and no
more than 50 percent of the parcel(s), and no cultivation activities or associated facilities
are located within 200 feet of a wetland or a Class I or II watercourse. Tier 2 dischargers
must maintain on site a copy of the CVRWQCB’s Cannabis Cultivation BMPs Manual, conduct
a pre-winter inspection and a post-winter effectiveness monitoring inspection, and submit
an annual monitoring report. Elevated risk (Tier 3) sites have a slope greater than 30
percent, or cultivation activities occupy and/or disturb more than 1 acre or more than 50
percent of the parcel(s), or cultivation activities or associated facilities are located within
200 feet of a wetland or a Class I or II watercourse. Tier 3 Dischargers must maintain on site
a copy of the CVRWQCB’s Cannabis Cultivation BMPs Manual, conduct a pre-winter
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inspection and a post-winter effectiveness monitoring inspection, submit an annual
monitoring report, and develop and submit for CVRWQCB approval a site management plan
describing practices that will be implemented on site to minimize impacts to surface and
ground waters. All dischargers are subject to civil liabilities and other formal enforcement
actions if the applicable requirements are not met.

State Board of Forestry and Fire Protection

AB 243 requires the State Board of Forestry and Fire Protection (SBFFP) to address
environmental impacts of cannabis cultivation and coordinate, when appropriate, with
cities and counties and their law enforcement agencies in enforcement efforts. SBFFP has
documented impacts of cannabis cultivation on forest resources (SBFFP 2013). SBFFP
formulates guidance policies of the California Department of Forestry and Fire Protection
(CAL FIRE) and, as appropriate, delegates its authority vis a vis timber operation licenses, to
the Director of CAL FIRE (SBFFP 2013).

California Department of Forestry and Fire Protection

Independent of laws specific to cannabis, the 1973 Z’Berg Nejedly Forest Practice Act
requires owners of nonfederal timberland to apply for a Timberland Conversion Permit
(TCP) from the Director of CAL FIRE for the conversion of timberland to another use. CAL
FIRE may grant exemptions for conversions of less than 3 acres. The Forest Practice Act and
implementing regulations also govern the removal of "commercial" timber species from
areas of pending new construction (CAL FIRE 2016). The CVRWQCB’s BMPs for Cannabis
Cultivation advise cultivators to contact CAL FIRE before removing any commercial tree
species or converting any area of timberland to non-timberland use (CVRWQCB 2015b).

4.4 Other States

Cannabis is currently approved for medical use in 28 states (including California), the
District of Columbia, and the territories of Guam and Puerto Rico. Additionally, at the time
of writing this literature review document, cannabis is approved for recreational use in
Alaska, California, Colorado, Oregon, Washington, Maine, Massachusetts, Nevada, and the
District of Columbia. As with California cities and counties, state and territory regulations
governing cannabis cultivation contain similarities and differences.

4.5 Other Countries

Apart from the U.S. states and territories described above, medical use of cannabis is
currently legalized and/or decriminalized in many other countries. Countries where the use
of cannabis for medical purposes is legalized and/or decriminalized (sometimes within only
specific states or territories) include but are not limited to Australia, Austria, Belgium,
Canada, Chile, Colombia, Croatia, Czech Republic, Finland, Germany, India, Israel, Jamaica,
Macedonia, Malta, Netherlands, Puerto Rico, Spain, the United Kingdom, and Uruguay.
Additionally, cannabis is legalized and/or decriminalized for recreational use to some
degree in many countries, including but not limited to Argentina, Australia, Austria,
Belgium, Bolivia, Cambodia, Chile, Colombia, Costa Rica, Croatia, Czech Republic, Ecuador,
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Estonia, Jamaica, Malta, Mexico, Netherlands, Paraguay, Peru, Portugal, Russia, Spain,
Slovenia, Switzerland, Ukraine, and Uruguay.
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Section 5
IMPACTS OF CANNABIS CULTIVATION

5.1 Aesthetics
5.1.1 Introduction
This evaluation considers the potential for cannabis cultivation, in general, to degrade
visual character or quality, considering issues such as scenic vistas, other types of scenic
resources, and the creation of new sources of light or glare.

The aesthetic value of an area is a measure of its visual character and quality, combined
with the viewer’s response to the area. Visual character is the unique set of landscape
features that combines to make a view, including native landforms, water, and vegetation
patterns as well as built features such as buildings, roads, and other structures. Visual
quality is the intrinsic appeal of a landscape or scene due to the combination of natural and
built features in the landscape. Natural and built features combine to form unique
perspectives with varying degrees of visual quality.

Visual sensitivity reflects the level of interest or concern that viewers and responsible land
management agencies have for a particular visual resource with visual quality taken into
account. Visual sensitivity is a measure of how noticeable proposed changes might be in a
particular setting and is determined based on the distance from a viewer, the contrast of the
proposed changes, and the duration that a particular view would be available to viewers.

The size, location, and setting of a given cannabis cultivation site, and therefore the
associated potential effects to surrounding visual character and quality, can vary widely in
part due to the type of cultivation method. Primary activities which could impact the visual
character and quality of a particular site are described below by cannabis cultivation
technique.

5.1.2 Potential Effects

Outdoor Cultivation
Outdoor cultivation sites are primarily conducted outside of buildings without the use of
high-intensity artificial lighting. Primary outdoor cultivation activities which could have
potential aesthetic effects include preparation of the land for cultivation activities
(including equipment, vehicles, and work crews associated with grading, removal of trees
and vegetation, land terracing, construction of dams and roads, construction of irrigation
systems and water storage ponds) and the cultivation activities themselves (including the
presence of irrigation equipment on the landscape).
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The body of literature available on this topic primarily addressed aesthetics within the
framework of the larger topic of conversion of forest land on both private and public
recreational areas. Humboldt, Mendocino, and Trinity Counties are three major counties
known for cannabis cultivation and are heavily forested. These areas are viewed as ideal
locations for cannabis cultivation because they are remote, primarily forested, and sparsely
populated (Bauer et al. 2015). Studies have found that selecting remote forested areas
makes it unlikely for cannabis cultivation activities to be detected (Thompson et al. 2014);
however, cannabis cultivation has been thought to increase forest conversion. Because
activities happening within private and public forested areas, are typically conducted in
remote areas, where criminal activities can exist unnoticed by adjacent properties and law
enforcement, visual sensitivity is generally considered low.

Development of large-scale cannabis cultivation sites on agricultural land could result in
displacement of some regional food crop cultivation (Warren 2015). While unlikely due to
CDFA’s MCCP licensing size limitations for individual permitted cultivation sites, changes to
close-range and regional views associated with the differences between large-scale
cannabis crops and existing regional food crops could result from individual outdoor
cultivation sites, or collectively from numerous outdoor cultivation sites in a given area.

Indoor Cultivation

Indoor cultivation is conducted within buildings without the use of natural light. Primary
indoor cultivation activities which could have potential aesthetic effects include the
construction of indoor cultivation facilities (including the presence of construction
equipment, materials, vehicles, and work crews, however typically limited to a temporary
and short term construction schedule) and the operation of such facilities (including the
operation of high-intensity light systems). Because lighting is used for indoor operations to
stimulate photosynthetic activity and plant growth, the success of a crop is highly
dependent on the regulation of light. These activities typically exist within locations
exhibiting an industrial character within urban settings, often within windowless buildings
or rooms where high-intensity lighting can be managed. While there is potential that indoor
high-intensity lights could impact daytime and nighttime views near a cultivation site,
because these operations typically exist completely indoors, it is unlikely that indoor
lighting used for the purpose of plant propagation would substantially affect daytime or
nighttime views in a growing area (Note: see Outdoor Security Lighting Section, discussed
below).
Indoor cultivation operations observed during site visits conducted for the purposes of this
document were commonly located in more urban settings where operations have access to
municipal utilities and service systems.

Mixed-Light Cultivation

Mixed-light cultivation is primarily conducted within greenhouses, where the photoperiod
is manipulated with the use of natural and artificial lighting to accomplish multiple harvests
per year. Primary mixed-light cultivation activities which could have potential aesthetic
effects include the construction of the greenhouses (including the presence of construction
equipment, materials, and work crews on the agricultural landscape, however typically
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limited to a temporary and short term construction schedule) and the cultivation activities
themselves (including potentially the operation of low- or high-intensity lights). Techniques
used to manipulate light, including tarps for light deflection, or low or high intensity lighting
systems which could be visible outside of the greenhouse at night, may create a nuisance to
adjacent and nearby properties, residences, and/or motorists traveling on affected
roadways.

Nurseries

Nursery operations may be entirely indoor, or use a combination of outdoor, indoor and
mixed-light scenarios. Primary activities which could have an effect on aesthetics are
similar to those descriptions provided above.

Outdoor Security Lighting

As discussed in Section 3.3.12, cultivation operations, including outdoor, indoor, mixedlight, and nurseries, typically use some form of security system, which may include outdoor
security lighting surrounding cultivation sites. Such lighting may create a nuisance to
adjacent and nearby properties, residences, and/or motorists traveling on nearby
roadways.

Potential Effects on Scenic Vistas and Other Scenic Resources

No literature was found which addresses the extent to which cannabis cultivation sites are
known to be located within a scenic vista or other scenic resources, and the impact of such
proximity. In a site tour conducted as part of this literature review to the Mattole Valley in
southwestern Humboldt County, greenhouses and outdoor grow operations were
frequently visible from Mattole Road, particularly the portions of the roadway at relatively
higher elevations with views of the valleys below. However, these cultivation operations did
not appear out of place within the landscape mosaic.

5.1.3 Information Gaps

While literature on all aspects of the possible aesthetic impacts of cannabis cultivation was
not available, the available information appears to be sufficient to inform the evaluation of
potential programmatic impacts and development of appropriate programmatic
management measures.

5.1.4 Summary and Conclusions

All types of cultivation (outdoor, indoor, and mixed-light) could have adverse aesthetic
impacts related to preparation of the land and construction of facilities for cultivation
activities. The cultivation activities themselves (regardless of type), to the extent they are
visible outside of the facility, could impact the visual character and/or visual quality
surrounding a cannabis cultivation site. The level of impact would be dependent on the
presence of surrounding sensitive receptors, scenic roadways or scenic vistas, and/or
cannabis cultivation siting, and whether activities would be located on land used for
consistent purposes., All types of cultivation could also have impacts related to outdoor
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night-time security lighting. Finally, mixed-light operations have potential for impacts
related to use of low-intensity or high-intensity lighting at night.

Upon review of various county ordinances, the following measures are typically being
implemented by local jurisdictions to reduce impacts on visual resources:
•

•

•

•

•

Fencing requirements. As an example, Lake County’s regulations for the
cultivation of cannabis require that outdoor cultivation be completely screened
from public view and the views of adjacent parcels with a fully enclosed solid fence
of a minimum of 6 feet, but not more than 8 feet in height, with locked gates. Lake
County requires cannabis be shielded from public view at all stages of growth. Butte
County also requires a similar fencing protocol, where outdoor cultivations must be
fully enclosed by a solid and enclosed fence with roughly similar height restrictions.
One exception denoted is for sites on parcels located on parcels that are 5 acres or
more, and/or out of public view.
Setbacks. As an example, Lake County’s regulations for the cultivation of cannabis
require that outdoor cannabis not be cultivated or otherwise placed within 75 feet
of any property line or within 150 feet of any off-site residence, as measured from
the edge of the fence of the cultivation area. Butte County also includes restrictions
for setbacks from a variety of sensitive receptors based on the size and type of
cannabis cultivation site.

Sensitivity to nearby receptors. As an example, Shasta County mandates that all
cultivation sites are not allowed within 1,000 feet of sensitive use areas and shall
not be visible to the general public. Sensitive use areas include: schools, school bus
stops, public parks, public libraries, licensed child care centers and other youthoriented areas. This may be tied into zoning and land use designation requirements.
Building restrictions, including lights systems. As an example, Shasta County
restricts indoor cultivation sites; the building cannot be located in the front yard;
the maximum electrical panel for the cultivation building is 50 amps and light
systems shall not exceed 2,000 watts total, grow-light systems are not allowed in
greenhouse cultivation buildings.
Greenhouse lighting restrictions. As an example, Humboldt County requires that
greenhouses using artificial light be shielded between sunset and sunrise.

Medical Cannabis Cultivation Program
Literature Review

5.1-4

February 2017
Project No. 16.015

California Department of Food and Agriculture

5.2 Agriculture and Forestry Resources

5.2 Agriculture and Forestry Resources
5.2.1 Introduction
This section considers the past and potential future effects on agricultural and forest land
resulting from cannabis cultivation. Key concerns relate to evidence that increases in the
scale of cannabis cultivation have resulted in increased conversion of forest land to
cannabis cultivation sites (NCRWQB 2013, CVRWQCB 2014, SWRCB et al. 2014).

5.2.2 Potential Effects

Potential Effects on Forest Land
Humboldt, Mendocino, and Trinity Counties are three heavily forested counties which are
the major counties known for cannabis cultivation in northwestern California. They have
been viewed as ideal locations for cannabis cultivation because they are remote, primarily
forested, and sparsely populated (Bauer et al. 2015). Selecting remote forested sites makes
it unlikely for cannabis cultivation activities to be detected (Thompson et al. 2014),
however it increases the potential for forest conversion.
Documentation that forest land is being converted to cannabis cultivation sites is available
from multiple sources (CDFW 2016b, Gabriel 2013, Thompson et al. 2014, Office of National
Drug Control Policy 2016). However, the total amount of converted forest land is difficult to
ascertain, given the clandestine nature of these activities. It has been observed that impacts
have increased in regions such as the Central Valley and North Coast, as the number of
grows and the size of grow operations have grown exponentially in recent years
(NCRWQCB 2013, CVRWQCB 2014, SWRCB et al. 2014). The large increase in these
activities has been attributed, in part, to California’s Compassionate Use Act of 1996 (CDFW
2016b, Bauer 2015, SWRCB et al. 2014).

Several studies have attempted to quantify the extent of cannabis cultivation in forested
areas. Bauer et al. (2015) conducted a study to estimate the potential effects that water
diversions from cannabis cultivation sites could have on stream flow in four study
watersheds. The study estimated the location and size of cultivation sites (both outdoor
plantations and greenhouse locations) within three watersheds in Humboldt County, and
one watershed in Mendocino County. Bauer identified cannabis cultivation sites by
interpreting high-resolution aerial imagery. Low altitude aircraft flights and search
warrants executed with law enforcement at cultivation sites in the region helped to validate
assumptions used in aerial imagery interpretation. The study area encompassed a total of
299,034 acres, and included an estimated 1,932 cannabis cultivation sites that totaled
approximately 228 acres (CDFW 2016b). The number of sites was considered an estimate
due to uncertainties associated with the site identification methods. Not all cannabis grow
site locations are reported, smaller clearings are likely not captured in the dataset due to
difficulties identifying and delineating smaller sites using aerial imagery, and some sites are
intentionally placed in areas where they are harder to detect (e.g., sites with higher canopy
closure). Bauer et al. 2015 observed that the study watersheds were dominated by a matrix
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of open to closed-canopy mixed evergreen and mixed conifer forests with occasional
grassland openings.

CDFW has conducted studies regarding impacts of cannabis cultivation to forest habitats,
such as the degradation and removal of conifer and riparian forest, which has been
identified as adversely affecting species that use these habitats, such as northern spotted
owl (CDFW 2016b). CDFW’s analysis built on Bauer et al. (2015) to estimate the potential
impact of cannabis cultivation sites on this species’ habitat within five watersheds in
Northern California, encompassing a total of 621,006 acres. Although the northern spotted
owl habitat requirements focus on particular types of forest habitat and features of these
areas, the study provides useful information to consider within the context of forest
conversion. In addition to the four watersheds evaluated by Bauer et al. (2015), CDFW also
delineated cultivation sites in the Mad River Creek watershed that encompasses portions of
Mendocino and Trinity counties. The study area included an estimated 2,348 cannabis
cultivation sites. The estimated area of these cultivation sites was 362 acres. Similar to
Bauer et al. (2015), these numbers were considered an estimate due to uncertainties
associated with the site identification methods.
As described in more detail in Section 5.2.4, the CAL FIRE requires owners of nonfederal
timberland to apply for a TCP for the conversion of timberland to another use. CAL FIRE
may grant exemptions for conversions of less than 3 acres. The Forest Practice Act and
implementing regulations also govern the removal of "commercial" timber species from
areas of pending new construction (CAL FIRE 2016). While the legal status of cannabis
cultivation may have previously prevented cultivators from legally converting timberland to
agricultural use, agencies (such as the CVRWQCB [CVRWQCB 2015b] and Humboldt County
[Environmental Protection Information Center (EPIC) et al. 2016]) are now facilitating
cultivators’ compliance with the CAL FIRE requirements.

Potential Effects on Agriculture

The literature reviewed does not identify conversion of agricultural land to non-agricultural
use as an environmental impact of cannabis cultivation. Pursuant to Health and Safety Code
Section 11362.777(a), cannabis is considered an agricultural product. For this reason,
conversion of agricultural land to non-agricultural use cannot result. However, there is the
potential that large scale cannabis cultivation on agricultural land could result in some
displacement of food crop cultivation. This would be of particular concern since legal
cultivation of cannabis would have larger profit margins than more typical agricultural
products (Warren 2015), and farmers may find it more profitable to convert existing
agricultural cropland to cannabis cultivation. For example, the estimated value of the
cannabis grown in Mendocino County ranges between $1.5 billion to $10.5 billion,
compared with the entire State of California’s grape crop, which is valued at $75.3 million
(Reitz 2015). Statistics available from Colorado also demonstrate the potential for profits to
be made. A 2016 Midyear Economic Update for the State of Colorado (Wobbekind 2016)
found that cannabis sales have shown strong year-over-year growth since it was legalized,
and that it will likely outweigh other activities in the state’s retail sector. The update also
noted that cannabis is expected to continue to drive growth in retail sales and employment,
with these potential effects occurring specifically in the select areas of Colorado where it
has been legalized (compared to areas of Colorado where it has been locally prohibited).
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However, at this time, evidence does not exist to suggest that a substantial displacement of
food crop cultivation is likely in California, particularly due to the size limits contained in
the MCRSA. However, this would be a greater potential concern in areas where agricultural
land is scarce in comparison to the demand for cannabis cultivation.

5.2.3 Information Gaps

While several studies have been conducted that estimate the extent of cannabis cultivation
within particular watersheds, data has not been found to document the full extent of forest
conversion which has occurred as a result of cannabis cultivation on a countywide or
statewide level, or in other states and countries. Furthermore, substantial uncertainty exists
whether implementation of the MCCP would result in an increase in cannabis cultivation
that could affect the rate or locations of forest conversion. In addition, while cannabis
cultivation could theoretically displace food crops, no studies were found documenting
whether this has already occurred.

5.2.4 Summary and Conclusions

Depending upon location, cannabis cultivation has the potential to result in forestland
conversion. However, based on the available information, only very small amounts of
forestland are being converted (less than 0.1 percent of the watershed area). If cannabis
cultivation were to increase in the future, the potential exists for increased forest
conversion; on the other hand, the increased legitimacy of cannabis cultivation may
decrease the attractiveness of forested locations for cannabis cultivation.

In addition, the conversion of forest land to cannabis cultivation use in California is
beginning to be addressed through regulations adopted by Regional Water Boards and local
government, referring to CAL FIRE’s existing regulatory structure governing timber
conversions. However, it bears noting that small scale timber removal associated with legal
cannabis cultivation on private land does not require review or approval from State or
federal governments as long as the timber is not sold.
State and local governments also have the capacity to address forest land conversions
through local zoning and permit conditions. For example:
•

The CVRWQCB advises cannabis cultivators to contact CAL FIRE before removing
any commercial tree species or converting any area of timberland to nontimberland use, in the CVRWQCB’s BMPs for Cannabis Cultivation, included in Order
No. Order R5-2015-0113, Waste Discharge Requirements General Order for
Discharges of Waste Associated with Medicinal Cannabis Cultivation Activities
(CVRWQCB 2015b). Specifically, cultivators are advised that, if a timberland owner
wishes to convert their timberland or sections of their timberland to other nontimber growing uses, they are required to submit a Less than 3 Acre Conversion
Exemption, a Public Agency, Public and Private Utility Right of Way Exemption, a
Notice of Exemption from TCP for Subdivision, or an Application for Timberland
Conversion Permit to CAL FIRE. These documents must be prepared by a Registered
Professional Forester and the operations must be conducted by a Licensed Timber
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Operator. The California Forest Practice Rules must be followed before, during, and
after timber operations/timberland conversions.

Humboldt County’s Medical Marijuana Land Use Ordinance requires applicants
seeking Use Permits for cannabis cultivation activities on land in forest-related
zoning districts to obtain timberland conversion authorization. Owners of existing
cultivation operations that occupy sites created through prior unauthorized
conversion of timberland are advised to obtain the appropriate permit or,
alternatively, provide evidence showing that the landowner has completed a civil or
criminal process and/or entered into a negotiated settlement with CAL FIRE (EPIC
et al. 2016).

Although cannabis cultivation on agricultural land would not convert the land to nonagricultural use, there is potential that cannabis cultivation on agricultural land could
displace some food crop production. The potential future extent of such displacement is
unknown. Several local jurisdiction regulations address potential effects on agriculture, for
example:
•

•

Humboldt County’s Medical Marijuana Land Use Ordinance requires that new
outdoor and mixed light cultivation sites over 5 acres in area utilize no more than 20
percent of the area of prime agricultural soils on the parcel (EPIC et al. 2016).

Lake County’s Regulations for the Cultivation of Medical Marijuana allow cannabis
cultivation within certain zoning districts, including Agriculture. Cultivation is
allowed only by individuals that have a current and valid physician
recommendation or State-issued MMIC, or a collective of such individuals. There are
also established limits on the number of plants that may be grown by either an
individual or collective (Lake County 2014). These requirements limit the size and
scale of cannabis cultivation on agricultural land.

Medical Cannabis Cultivation Program
Literature Review

5.2-4

February 2017
Project No. 16.015

California Department of Food and Agriculture

5.3 Air Quality

5.3 Air Quality
5.3.1 Introduction
The air quality component of the literature review considers the potential effects on air
quality resulting from cannabis cultivation. Key concerns relate to creation of nuisance
odors from cannabis plants, and the emission of criteria air pollutants by equipment or
vehicles used during the cultivation process.

5.3.2 Potential Effects
Nuisance Odors

Cannabis plants, primarily when they are in the flowering stage, are known for emitting a
distinctive odor, which may be detectable beyond cultivation site property boundaries
whether they are grown indoors or outdoors (Mendocino County 2016). In addition to the
odors emitted by the plants, the products of cultivation (cannabis buds) also emit odors.
Specifically, one study found that cannabis products emit as many as 233 volatile
compounds and that odors vary between freshly packaged cannabis and older cannabis
products (Rice and Koziel 2015).

The determination of odors as offensive or a “nuisance,” particularly cannabis, is quite often
subjective and based on a number of factors. For example, the Oregon judicial system found
that cannabis odors can be offensive to some people and enjoyable to others (State of
Oregon v. Jared William Lang, CM1320460; A154498 August 19, 2015). The Oregon judicial
system also found that the perception of whether a cannabis odor was offensive was linked
to the intensity, duration, and frequency of the odor and the location at which the odor
occurred (i.e., outdoors versus at a residence) (Los Angeles Times 2015). Impacts from
cannabis odors in Denver, Colorado have been reported to include headaches, eye and
throat irritation, nausea, discomfort being outside (exercising, gardening, socializing),
mental stress, and lack of desire to entertain due to strong odors (Denver Environmental
Health 2016).

Complaints to local agencies regarding odors from cannabis cultivation sites have led to
agencies issuing buffers between sensitive receptors 15 and cultivation sites, requiring
implementation of odor control technologies and odor control plans, establishing
qualitative or quantitative odor limits, and restricting cultivation site locations or
authorization for new growers (Yakima Herald 2016, see Appendix C [Table C-1]). Although
these techniques are helpful in reducing nuisance odors, defining a “nuisance odor”,
particularly with regards to cannabis, is not well documented. For example, a Colorado odor
advisory group made-up of agency, consultant, and public representatives found that the
“technical research and literature is limited regarding cannabis-generated odors, the
chemical compounds making up these odors, and the levels at which these chemicals would
need to be controlled in order to prevent these odors” (City of Denver 2016a). Regardless,

Sensitive receptors include schools, churches, residences, apartments, hospitals, licensed daycare facilities,
and elderly care facilities.
15
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the City of Denver, Colorado has established a nuisance odor detection threshold, which is
the detection of odorous contaminants when one volume of the odorous air has been
diluted with seven or more volumes of odor-free air as measured by any instrument, device,
or method designated by their state air pollution control division (City of Denver 2016b).
One tool used by Denver enforcement officers is an odor detection device (“Nasal Ranger”)
that combines specially filtered air with the outside air in measured increments (USA
TODAY 2014).

Violation of Air Quality Standards or Non-Compliance with Air Quality Plans

Cannabis cultivation may include the use of heavy equipment for site preparation and
ground-disturbing activities, the operation of gasoline- or diesel-fueled equipment (e.g.,
generators or pumps, and potentially gasoline-fueled landscaping equipment), and truck
trips to and/or from the site by vendors and workers, which would result in air emissions
from fuel combustion. In addition, other potential cannabis cultivation activities, such as
ground-disturbing activities to develop cultivation areas, and/or burning solid or vegetative
waste, may contribute dust and smoke.

These combined operational activities would emit criteria air pollutants, which are
pollutants for which “acceptable levels of exposure can be determined and for which an
ambient air quality standard has been set” (California Air Resources Control Board [CARB]
2016a). Examples of criteria air pollutants include ozone precursors (nitrogen oxides and
reactive organic gases), particulate matter 16, carbon monoxide (CO), sulfur dioxide, and
hydrogen sulfide among others. Cannabis cultivation equipment operated by electricity
would not contribute directly to criteria air pollutant emissions at or immediately adjacent
to the cannabis cultivation site, but would contribute indirectly to criteria air pollutant
emissions if the electricity consumed was generated by the combustion of fossil fuels.

The potential for cannabis cultivation-related criteria pollutant emissions to violate air
quality standards or comply with air quality plans 17 is dependent on multiple factors
including but not limited to:
•

the type and quantity of use, on a daily and annual basis, of pollutant-emitting
equipment or vehicles;

•

the air quality emissions thresholds established by local air districts;

•

•

•

the quantity and extent of other potential cannabis-related activities, such as ground
disturbance or burning of solid or vegetative waste;
the existing air quality attainment status of the local air basin and corresponding
need for air quality plans; and

the specific goals, policies, and/or measures identified in air quality plans and their
applicability to cannabis cultivation-related activities.

16 Particulate matter is any matter that exists in the solid or liquid state in the atmosphere, and based on its
size is generally categorized as PM10 or PM2.5 (CARB 2016a).
17 Air quality (management) plans are plans prepared by a local air pollution control district or air quality
management district for a county or region designated as a non-attainment area, for the purpose of bringing
the area into compliance with the national and/or California ambient air quality standards (CARB 2016a).
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Employee trips, vehicle miles traveled, and typical daily equipment use for cannabis
cultivation operations are not well documented in the literature. In general, more rural
cultivation operations may generate fewer vehicle trips if employees live onsite; however,
vendor trips or vehicle miles traveled may be greater and they may have greater use of
generators or pumps due to their rural location and less potential access to electricity or
public water supplies. Local air districts may establish thresholds based on an air basin’s
attainment of established federal and State ambient air quality standards 18, the air basin’s
geographical and climate characteristics, and the typical pollutant sources within the basin.
These thresholds vary greatly throughout the State depending on the local air quality
conditions. Similarly, air quality plans and their corresponding policies may have great
variation. Literature describing the potential for cannabis cultivation to exceed local air
quality thresholds or not comply with adopted air quality plans is not readily available. As
summarized in Appendix C (Table C-1), most adopted ordinances by local agencies and in
other states focus on not creating nuisance dust or smoke conditions but do not mention
other criteria air pollutants.

Exposure of Sensitive Receptors to Pollutants

As described above, equipment used for cannabis cultivation activities may emit criteria
pollutants or noxious gases, and thereby potentially expose nearby sensitive receptors or
cannabis workers to these pollutants. Potential pollutants of concern include particulate
matter/dust, pesticides, smoke, CO2, and mold. Particulate matter or fugitive dust may be
emitted from fossil fuel combustion by heavy equipment used in site preparation activities,
or as wind-transported particles from unpaved/disturbed areas, including access roads,
associated with the cultivation activities. Pesticides applied via spraying techniques could
potentially affect workers or adjacent sensitive receptors if not properly applied. Waste
disposal (i.e., burning) activities at cannabis cultivation sites would generate smoke that
could affect local sensitive receptors. If improperly operated, use of CO2 generators, used for
indoor cultivation operations in particular, could potentially result in oxygen-deficient air
that poses a hazard to cultivation workers (Gustin 2010). Mold spores also have been found
in indoor cultivation areas at levels that greatly exceed outdoor levels (by more than 10
times) and pose a risk of causing multiple health problems (e.g., difficulty breathing, chest
tightness, and headache) for persons exposed to the mold without proper respiratory
protection equipment (Martyny et al. 2010). The potential effects of cannabis cultivationrelated pollutants on sensitive receptors would vary based on the proximity of sensitive
receptors to the cultivation sites, the cultivation equipment and frequency and duration of
equipment use, and implementation of cultivation BMPs (i.e., not burning waste or
implementing erosion measures for unpaved areas).

5.3.3 Information Gaps

While sufficient information exists to estimate the hypothetical emissions associated with
various types and sizes of cultivation operations, no comprehensive data exists regarding
the number, location, and characteristics of cultivation sites in California to allow an

Ambient air quality standards are health- and welfare-based standards for outdoor air which identify the
maximum acceptable average concentrations of air pollutants during a specified period of time (CARB
2016a).
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estimate of the total cultivation-related emissions within a given air basin. As such, it is
difficult to determine the extent to which cultivation may be contributing to existing or
projected exceedances of ambient air quality standards. Furthermore, substantial
uncertainty exists whether implementation of the MCCP would result in a change in the
extent of cannabis cultivation, or changes in cultivation practices, that could affect such
exceedances.

5.3.4 Summary and Conclusions

Cannabis cultivation activities may emit odors and criteria pollutants that have the potential
to be considered a nuisance, exceed applicable air quality standards, not comply with air
quality plans, and/or affect sensitive receptors. The results of this literature review indicate
that air quality impacts of greatest concern with respect to cannabis cultivation are odors,
dust, and emissions due to high-intensity lighting and other energy-intensive equipment
(both indirect emissions from use of grid-based electricity, and direct emissions from
generators). Estimating the potential for program-wide cannabis cultivation activities to
exceed air quality standards is difficult without estimates of daily or annual use of
equipment and specifics on the types of equipment. It may be challenging to evaluate
potential air quality effects on sensitive receptors if it is not known where specific facilities
will be located, their proximity to sensitive receptors, and equipment used at the site.
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5.4 Biological Resources
5.4.1 Introduction
The potential for impacts on biological resources from cannabis cultivation varies
tremendously depending on the setting—whether it is a “trespass grow” in a national forest,
hydroponic operators in homes and warehouses, industrial scale operations on private
lands, or conscientious mom-and-pop farmers (Zuckerman 2013). Illegal cannabis
production in California is centered in sensitive watersheds with relatively high biodiversity
and often in habitats of rare State and federally listed species (Carah et al. 2015). The
potential impacts to biological resources associated with existing cannabis cultivation
appear substantial, yet have been difficult to quantify, in part because cultivation is
clandestine and often occurs on private property (Bauer et al. 2015). Abundant grow sites
clustered in steep locations far from developed roads, potential for significant water
consumption, and close proximity to habitat for threatened species, all point toward high
risk of negative ecological consequences associated with cannabis cultivation as it is
currently practiced, particularly in northern California (Bustic and Brenner 2016).
Any growing operation on public land is illegal regardless of the crop (NCRWQCB 2013).
Rapid expansion of illegal outdoor cannabis cultivation in northern California, including
cultivation on public land, has become recognized as a source of serious damage to
biological resources, from wildlife poisoned by pesticides to overdrawn and polluted rivers
to deforestation and erosion (O’Hare et al. 2013). No one knows the true scope of the
increased growing activity and the related quantity of water being diverted from local
streams, because most growers do not register or apply for permits from the various
agencies involved in protecting water quality, existing water rights and wildlife. (NCRWQCB
2013).
Previous CEQA documents addressing cannabis cultivation have found significant biological
resources impacts requiring mitigation related to issues such as: potential adverse effects
on species identified as a candidate, sensitive, or special status species (either directly or
through habitat modifications); potential adverse effects on any riparian habitat or other
sensitive natural community; potential adverse effects on federally-protected wetlands
pursuant to Section 404 of the federal Clean Water Act (including, but not limited to, marsh,
vernal pool, and coastal waters); movement of any native resident or migratory fish or
wildlife species or with established native resident or migratory corridors, or impeding the
use of native wildlife nursery sites (Humboldt County Planning and Building Department
2015, NCRWQCB 2015c).

5.4.2 Potential Effects

Available literature identifies several mechanisms for potential adverse effects on biological
resources. These include: pesticide poisoning, particularly rodenticides; dewatering or
reduced flow in streams; killing or poaching wildlife; and habitat alteration. Most of the
available research has focused on illegal (or “trespass grow”) operations on public or
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private timber lands in northern California. Many of these identified impacts might not be
applicable to grow operations that will become licensed as part of the MCCP.

Pesticide Poisoning

Wildlife and fish being poisoned by pesticides, particularly rodenticides, is frequently listed
as an impact from cannabis cultivation, particularly illicit operations (National Drug
Intelligence Center [NDIC] 2007, Thorsen 2011, Lindsey 2012, Milestone et al. 2012, Gabriel
et al. 2013, 2015, O’Hare et al. 2013, Thompson et al. 2014, Feldman 2014, Gabriel 2015,
Higley 2015, Reitz 2015, Warren 2015, CDFW 2016c). Pesticides poisoning wildlife or
leaching into streams appears to be mostly a problem for illicit or “trespass grows”
occurring on public or large private holdings, such as timber lands. In these areas, no one
other than illicit cannabis growers were found dumping pesticides deep in the woods
(Greenspan 2016). Once the pesticides have entered the terrestrial food chain, mammalian
and avian predators, in particular, could be at risk (NDIC 2007, Gabriel et al. 2012, 2015,
Thompson et al. 2014, Gabriel 2015, Higley 2015, Warren 2015).
One particularly well-documented case of a predator experiencing secondary poisoning
from rodenticides is that of the Pacific fisher (Martes pennanti) (Warren 2015), which is
listed as threatened under the California Endangered Species Act (CDFW 2016d). Over 80
percent of the fishers from two research projects tested positive for rodenticides (Gabriel et
al. 2012, 2015, Thompson et al. 2014). While predation was the most common cause of
death (88 percent, Thompson et al. 2014, 70 percent Gabriel et al. 2015), it is quite possible
the depredated fishers were impaired by the rodenticides, and that impairment might have
contributed to being depredated. Of the 10 percent of fishers that died of toxicosis, all had
trespass cannabis cultivation and associated toxicants within their home ranges. Exposed
fishers had residues of up to five rodenticides identified with an average of 1.79 found
(Gabriel et al. 2015).

Second-generation anticoagulant rodenticides (e.g., bromadiolone, brodifacoum,
difenacoum and difethalone) present a risk to predators of small mammals, such as the
northern spotted owl (Strix occidentalis caurina), because this type of rodenticide is more
acutely toxic, and persists in tissues and in the environment. Northern spotted owls feed on
a variety of prey species, but small mammals make up the majority of their diet.
Consequently, the main contaminant threat to the owls is intoxication from secondary
rodenticide exposure (CDFW 2016c). Livers were tested from barred owls (Strix varia)
collected in Humboldt and Del Norte Counties within the northern California coastal and
Klamath Provinces, an area that overlaps the range of the northern spotted owl. Fifty
percent of barred owls tested had been exposed to one or more second generation
anticoagulant rodenticides. Sources of exposure to these chemicals may include proper and
improper use near human habitation and illegal use at trespass cannabis cultivation sites
(Higley 2015). New data has demonstrated that other forest carnivores such as American
and Humboldt martens (Martes Americana and M. Martes americana humboldtensis),
bobcats (Lynx rufus), and black bears (Ursus americanus) have been exposed to or
maliciously poisoned by toxicants in remote forestlands in California (Gabriel 2015).

Failure to adhere to label instructions provides greater opportunities for pesticides to
pollute streams. Cultivators apply insecticides directly to plants to protect them from insect
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damage and sprinkle rodenticides at the base of plants (NDIC 2007, Gabriel et al. 2013, Reitz
2015) and also apply rodenticides around the perimeter of the grow site (NDIC 2007) which
can be moved by rain into streams, killing fish and polluting water supplies. Illicit growers
in Mexico are simply using Mexican chemicals rather than purchasing bulk quantities
locally, even though such chemicals can often be purchased locally (NDIC 2007, Thorsen
2011). When illicit growers are done harvesting their crop and ready to move on, they
regularly leave fertilizers and dangerous chemicals that leach into soil and nearby streams,
killing wildlife and causing irreparable damage (Reitz 2015). Law enforcement officials are
increasingly encountering dumpsites of highly toxic insecticides, chemical repellants, and
poisons that enter and contaminate ground water, pollute watersheds and can kill fish and
other wildlife (Thorsen 2011, Reitz 2015). When growers discard domestic garbage (NDIC
2007, Thorsen 2011) as well as toxic chemicals, wildlife could be attracted to the garbage
and then encounter the chemicals (Milestone et al. 2012).

One consideration for allowing pesticides to be used on cannabis is that they are exempt
from a tolerance for human consumption (Colorado Department of Agriculture [CDA]
Undated). However it should be pointed out that exemption from tolerance should not alone
allow the use of a registered pesticide. Use patterns (in addition to those federally
registered) could cause environmental damage that has not been evaluated. These include
impacts on waterways and wildlife (including endangered species) (Feldman 2014). For
more information regarding pesticides, see Section 5.8, “Hazards, Hazardous Materials, and
Human Health.”

Note that pesticide poisoning issues are primarily a concern for outdoor cultivation sites, to
which wildlife may have direct access. Mixed-light (i.e., greenhouse) and indoor cultivation
sites would have reduced potential for special-status wildlife to be exposed to pesticides.

Dewatering or Reduced Flow in Streams

Another major factor related to the potential biological resource impacts of cannabis
cultivation is water usage. Many outdoor growers have historically utilized illegal river and
lake diversions to irrigate their crops (Warren 2015). Natural resources are altered from
their natural conditions when streams are diverted for irrigation, highly concentrated
fertilizers and pesticides are introduced, and water impoundment structures are
constructed (Milestone et al. 2012). These illegal diversions reduce water flows and have
resulted in the “dewatering” of streams and rivers in northern California. Such practices
have serious implications for legitimate water users downstream, as well as fisheries and
other water-dependent resources (Warren 2015).

Grow site operators often contaminate and alter watersheds and divert natural water
courses (NDIC 2007, Gabriel et al. 2013). Rapid expansion of illegal outdoor cannabis
cultivation in northern California, including cultivation on public land, has become
recognized as a source of serious environmental damage, such as overdrawn and polluted
rivers (O’Hare et al. 2013). This flow reduction can have potential lethal or sub-lethal effects
on aquatic species of greatest conservation need such as Coho salmon (Oncorhynchus
kisutch), steelhead (Oncorhynchus mykiss), and sensitive amphibians, such as the southern
torrent salamander (Rhyacotriton variegatus) and coastal tailed frog (Ascaphus truei)
(Bauer et al. 2015, CDFW 2015a, b, The Nature Conservancy 2015). Since cannabis grow
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sites are often clustered (Bustic and Brenner 2016), the impacts to aquatic species will be
also be uneven across the landscape.

According to recent estimates, water demands from cannabis cultivation have the potential
to divert substantial proportions of the flow in our study watersheds, with the least
impacted watershed seeing a maximum potential flow reduction of almost 23 percent, and
other streams predicted to dry up entirely under certain diversion scenarios. Diminished
stream flow due to cannabis cultivation is highly likely to have potential lethal or sub-lethal
effects on State and federally-listed fishes and further decline of sensitive amphibian
species (Bauer 2015).

Reduced flow volume has a strong positive correlation with increased water temperature.
Increased water temperatures reduce growth rates in salmonids, increase predation risk,
and increase susceptibility to disease. Warmer water also holds less dissolved oxygen,
which can reduce survival in juvenile salmonids. Both water temperature and dissolved
oxygen are critically important for salmonid survival and habitat quality (Bauer et al. 2015,
The Nature Conservancy 2015). However, the threat of water diversion and outright loss of
flow from headwaters streams has not been well-documented in the amphibian
conservation literature. This is likely because illegal and unregulated headwater stream
diversions did not exist at this scale until the recent expansion of cannabis cultivation in the
region. In contrast, timber harvesting, which until recently was the primary land use in
forested ecoregions in the western U.S., does not typically divert headwater streams in the
same manner (Bauer et al. 2015).

No one knows the true scope of the increased growing activity and the related quantity of
water being diverted from local streams, because most growers do not register or apply for
permits from the various agencies involved in protecting water quality, existing water
rights and wildlife (NCRWQCB 2013). However, in a recent 2014 study, satellite imagery
and aerial photography confirmed that streams and rivers that contain threatened and
endangered species habitat have experienced a five-fold increase in grading and land
clearing activities in the last five years as a result of conversion for cannabis cultivation. A
CDFW study indicated that water diversion for cannabis cultivation could completely
dewater three of four study streams. In all, CDFW personnel documented or received public
reports of more than 24 salmon and steelhead streams going dry in northwestern California
due to drought and excessive use for cannabis cultivation. Nearly all of the cannabis
cultivation in drought-stricken watersheds in the State is occurring without regard to other
applicable laws and regulations (CDFW and SWRCB 2015).

Cannabis cultivation site operators often contaminate and alter watersheds, clear-cut native
vegetation, and divert natural water courses that may be critical habitat for endangered
fish. The high demand for water often strains small streams and damages downstream
vegetation that is dependent on consistent water flow. They also terrace the land—
especially in mountainous areas—which has the potential to result in rapid erosion
(Thorsen 2011, Reitz 2015). Erosion increases fine-sediment loading into streams,
damaging spawning and rearing habitat for salmon and trout, such as federally endangered
Coho salmon (NDIC 2007).
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Direct Wildlife Fatalities
In addition to polluting watersheds and poisoning wildlife, cannabis growers often trespass
onto public and tribal lands or large industrial timberlands. They camp out for many
months at a time and poach wildlife for sport and sustenance and to protect their crop
(NDIC 2007, Lindsey 2012, Milestone et al. 2012, Gabriel et al. 2013).

Cannabis as a Food Resource

Animals are also pests found in outdoor grow areas. Rodents, deer, rabbits, and birds
impact cannabis crops by destroying them (Lindsey 2012). In a feeding study, hemp was
identified as a suitable food for northern bobwhite suggesting that cannabis grown
outdoors could be a food resource for various herbivorous birds (Robel, et al. 1979).

Habitat Alteration

One of the environmental concerns regarding cannabis cultivation is the deforestation and
use of public lands by “trespass grows.” Trespass grows result in the illegal clearing of land,
which destroys wildlife and wildlife habitat on public lands. Trespass grows have been
particularly prevalent in California where many public resources, such as parks, streams,
and lakes have been critically damaged (Warren 2015). Cannabis cultivation is frequently
associated with land clearing (Gabriel et al. 2013) which can lead to erosion into streams
(NDIC 2007). As described previously above, CDFW confirmed in 2014 that streams and
rivers that contain threatened and endangered species habitat have experienced a five-fold
increase in grading and land clearing activities in the last five years as a result of conversion
for cannabis cultivation (CDFW and SWRCB 2015). Growers sometimes use heavy earthmoving equipment to clear-cut forest in order to plant their cannabis crop (Thorsen 2011,
Reitz 2015). The high demand for water often strains small streams and damages
downstream vegetation that is dependent on consistent water flow. Moreover, while
preparing land for cannabis cultivation, growers commonly clear the forest understory,
which allows nonnative plants to supplant native ones, adversely affecting the ecosystem.
They also terrace the land--especially in mountainous areas--which results in rapid erosion
(Thorsen 2011).
Small scale timber removal associated with legal cannabis cultivation on private land does
not require review or approval from State or federal governments as long as the timber is
not sold. Habitat alteration also occurs associated with illegal cannabis grow sites, but the
extent is not well known due to the secretive nature of these activities. Therefore, loss of
timber and other habitat components resulting from cultivation of cannabis that are
important to northern spotted owls (e.g., timber removal, riparian habitat alterations) is
largely unregulated and unknown. Habitat removal, fragmentation, and degradation can all
have varying degrees of impacts on northern spotted owls depending on how much suitable
habitat is removed (CDFW 2016c).

As previously stated, grow sites frequently are clustered (Bustic and Brenner 2016),
causing specific consequences of cannabis cultivation such as deforestation and erosion
(O’Hare et al. 2013) to occur unevenly across the landscape.
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5.4.3 Information Gaps
While an abundance of literature exists documenting the past and potential future effects on
biological resources related to cannabis cultivation, several gaps still exist. First, impacts
have been studied in only a few areas. Illegal growers are frequently armed with dangerous
weapons or create unsafe conditions around their grow sites making scientific
documentation difficult. As a result, the overall extent of impacts is difficult to quantify since
cannabis cultivation has been clandestine and unregulated. Regulating at least some
growers should decrease impacts, but the extent of improvement will be difficult if not
impossible to quantify.

5.4.4 Summary and Conclusions

Impacts to biological resources, include poisoning with pesticides, such as insecticides and
rodenticides, primarily at outdoor cultivation sites using these chemicals. Depending upon
the location, habitat alteration and deterioration related to stream diversion and land
clearing and deforestation may also have detrimental impacts on biological resources.
Because of the clustered nature of grow sites, impacts are likely to be concentrated in
particular areas. Poaching of wildlife for food, recreation, and to protect the crop occurs, but
it has not been quantified. Because cannabis cultivation has been unregulated and
clandestine in the past, the level of existing impacts to biological resources is not fully
known. Impacts are anticipated to be greatest with illegal grow operations and outdoor
sites.
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5.5 Cultural Resources
5.5.1 Introduction
Cultural resources, as defined by the California Code of Regulations Part 4852(a), include
buildings, prehistoric and historic-era archaeological sites, structures, objects, and districts.
Those cultural resources that meet the criteria for inclusion in the California Register of
Historical Resources (CRHR) are referred to as historical resources. Under CEQA, any
project that may cause a substantial adverse change in the significance of a cultural
resource is a project that may have a significant effect on the environment.

This section discusses the potential effects of cannabis cultivation on cultural resources. Key
concerns are how cultural resources will be addressed and protected when issuing licenses
for cannabis cultivation.

5.5.2 Potential Effects

Ground disturbance and/or property development for the establishment of cannabis
cultivation has the potential to impact cultural resources. This includes potential effects on
buried resources (e.g., archeological deposits), as well as features found within the built
environment (e.g., historic structures). These issues pertain to all methods of cultivation,
including indoor, greenhouse, and outdoor cultivation where grading or terracing for
buildings or fields, installation of infrastructure (e.g., access roads, electric or water lines),
construction of various buildings (e.g., greenhouses, offices, on-site residences), or
establishment of irrigation systems would occur. In some instances, an existing structure
that is potentially a historical resource might be demolished in order to construct new
buildings related to cultivation, or modifications to accommodate cultivation could affect
the characteristics that make the building eligible for the CRHR. For buried resources,
impacts are most likely in previously undeveloped locations.
The literature review did not reveal evidence suggesting that cultural resources have been
substantially impacted by existing cannabis cultivation sites. However, the potential that
cultural resources may have been disturbed can be inferred based on the level of
environmental damage that has been caused by illegal cannabis production on public lands
(e.g., Carah et al. 2015; Milestone et al. 2012). Tribal lands have also been impacted by
cannabis cultivation not authorized by the tribes (Carah et al., 2015; Greg 2014; Office of
National Drug Control Policy 2016). Archaeological sites, particularly prehistoric resources,
are especially vulnerable because they are often located on fairly level locations and near
viable water sources.

A review of State and county regulatory orders and ordinances did not reveal any
references specific to the protection of cultural resources relative to cannabis cultivation,
although several restricted the distance of commercial operations from cultural resources
(NCRWQCB 2015a Order No. 2015-0023; San Joaquin County 2015). More often, cultural
resources protection would fall under the general expectation that the requirements of
CEQA would be followed (cf., NCRWQCB 2015 Order No. R5-2015-0113; NCRWQCB 2015
Order No. ATT A BMP). Only Humboldt County, in its ordinance for the cultivation of
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cannabis (Humboldt County 2016 Ordinance No. 2544), has included mention of cultural
resources under the definition of Tribal Cultural Resources (TCRs), which are discussed
more completely in Section 5.17. This ordinance includes consultation with Native
American tribes in a manner similar to that outlined by AB 52 (see Section 5.17), and the
potential need to avoid, minimize, or mitigate impacts to TCRs.

5.5.3 Information Gaps

Literature addressing or documenting impacts of cannabis cultivation on cultural resources
was generally lacking.

5.5.4 Summary and Conclusions

Ground disturbing activities related to the development of cannabis cultivation have the
potential to disturb cultural resources of an archaeological nature. Similarly, demolition of
significant historic-era buildings is possible, and the modification and/or re-use of historic
buildings could impact historical resources by affecting character-defining features of the
structure.

While local jurisdictions must comply with CEQA as part of their approval of cultivation
operations—and in so doing, would need to address potential impacts to cultural
resources—information was not found during the course of this literature review to suggest
that many are doing so.
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5.6 Energy Use and Greenhouse Gas Emissions
5.6.1 Introduction
High levels of energy use and the resultant greenhouse gas (GHG) emissions have been a
controversial issue associated with cannabis cultivation, and indoor cannabis cultivation is
one of the most energy-intensive industries in the U.S. (Warren, 2015). Because of the
clandestine nature of the business, hard data on the extent of California land in cannabis
production or production volumes are largely unavailable (Kilmer et al. 2010). Although
historically most cannabis production in California has been grown outdoors (Bauer et al.,
2015; Short 2010), indoor production has been rising in recent years and often requires
extensive use of energy for high-intensity lighting and other operational components
(Mendocino County Board of Supervisors, 2016). The large-scale industrialized and highly
energy-intensive indoor cultivation of cannabis is a relatively new phenomenon, driven by
criminalization, pursuit of security, pest and disease management, and the desire for
greater process control and yields (Mills, 2012).
While the ability to have much more control over their growing environment can be viewed
as a key advantage of indoor and mixed-light cannabis cultivation, as discussed in Section
3.3.5, the equipment used to provide and monitor lighting, ventilation, humidity, odor, and
temperature utilizes a relatively large amount of energy. One study reported that
approximately 3 percent of all electricity use in California was associated with cannabis
cultivation, which is equal to the energy demand for about one million homes and the GHG
emissions of one million cars (Mills, 2012).
The potential effects described below were identified through the review of studies specific
to the energy demand associated with cultivating cannabis, more general studies and
reports on energy use and GHG emissions that provide relevant background information
necessary to understand the baseline energy use from cannabis cultivation.

5.6.2 Potential Effects
Energy Usage

While some available information exists on the production of cannabis and the energy
(electricity) usage associated with it, very little information has been documented in official
reports and studies that help to quantify the true level of cannabis cultivation in California
(or elsewhere) and its impacts. Those studies and reports that do exist support the concept
that the growth of indoor cannabis in “grow houses,” where the interiors of buildings have
been stripped down to the walls and use high power lighting, ventilation, temperature
control, and humidity control equipment that are used to produce multiple harvests per
year, use a substantial amount of energy. One study estimated that it takes 2,000 kWh to
produce one pound of finished cannabis product (O’Hare et al. 2013).

The majority of energy demand is from indoor cultivation practices involving the use of
high-power sodium lights, such as the Gavita Pro 6/750E De Flex which was observed
during a site visit conducted by technical staff in Humboldt County. One light supplied
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approximately 8 square feet of grow bed. Research has shown vastly different sizes of grow
areas, dependent on setup and land availability. Typical grow operations observed by
technical staff on field tours of various grow operations within the “Emerald Triangle”
region in northwestern California, exhibited a range of operations between 14,000 to
40,000 square feet. After lighting, the second largest category of energy use is for ventilation
and/or odor control equipment.

Combined, the equipment for lighting and heating, ventilating, and air conditioning used
nationwide in cannabis cultivation takes approximately the same amount if not more
energy than most modern data centers (Mills, 2012), approximately six times the energy
usage of most pharmaceutical manufacturers, and eight times the energy usage of most
commercial buildings (Warren, 2015). One study estimates the annual energy usage
nationally for cannabis production is equivalent to that of two million average U.S. homes,
corresponding to approximately 1 percent of national electricity consumption, or the output
of seven large electric power plants (Koomey et al., 2010). Indoor cannabis cultivation in
residential structures was estimated in 2009 to make up approximately 9 percent of
residential energy use in California or 3 percent of total energy in California (Mills, 2012),
and large-scale indoor grow operations can contain 50,000 to 100,000 watts of installed
lighting power (Brady, 2004).
Increased electricity demands of indoor cannabis cultivation operations are so substantial
that they are one of the primary ways law enforcement has been able to identify illegal
operations. For example, a large grow operation in Cotopaxi, CO was identified by law
enforcement in part through cooperation from the local electric utility company, who
reported that the electricity at the nine homes involved had multiplied by as much as 225
times after the growers had purchased the properties (Fialka 2016). The risk of
identification by law enforcement is also one of the reasons that electricity theft has been a
common occurrence amongst illegal indoor residential grow operations. According to
LaBarge and Noakes (2016), in 2002, a York, Ontario region utility serving a population of
about 300,000 disconnected 191 grow operations that stole electricity worth $1 million.
The utility estimated that 450 grow operations in the region stole a total of $2.5 million in
electricity in 2002 (LaBarge and Noakes 2016). Similarly, Warren (2015) notes that from
2006 to 2010, British Columbia Hydro reported some 2,618 cases of electricity theft; the
majority of which it claimed were associated with cannabis growing operations. According
to the utility, this theft has cost them $100 million a year (Warren 2015).

While it is difficult to predict, it is possible that indoor cannabis production, and associated
electricity use, could increase substantially following implementation of the MCCP. Past
liberalization of cannabis laws in California and in other states has resulted in substantial
increases. For example, a recent report by the Northwest Power and Conservation Council
estimated that the demand for electricity by cannabis growers represented 80 to 160
megawatts of new load to the regional system (Reitz 2015). Similarly, according to Mills
(2012), following the legalization of cultivation for medical purposes in California in 1996,
Humboldt County experienced a 50 percent rise in per-capita residential electricity use
compared to other parts of the State. In response to the increased presence of indoor
growing operations in residential dwelling, one energy utility in northern California
instituted a surcharge to customers who used more than 400 percent or more electricity as
compared to their neighbors (Stephens, 2015).
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Greenhouse Gas Emissions and Climate Change
The California legislature declared that global climate change was a matter of increasing
concern for the State’s public health and environment, and enacted laws requiring the CARB
to control GHG emissions from motor vehicles (Health and Safety Code §32018.5 et seq.). In
addition, SB 32, a follow up to the California Global Warming Solutions Act of 2006, calls for
statewide GHG emissions to be 40% below 1990 levels by December 31, 2030 by promoting
technology and cost-effective GHG emission reductions, especially in the state’s most
disadvantaged communities which would be disproportionally impacted by climate change.
SB 32 was approved by the governor in September 2016.

CEQA Guidelines define GHG emissions to include CO2 (combustion of fossil fuels to produce
electricity, or transportation fuels), nitrous oxide (emitted from fertilized soils, livestock
manure, sewage treatment plants, combustion and other industrial processes)
hydrofluorocarbons (used as a refrigerant), perfluorcarbons, and sulfur hexafluoride (result
from manufacturing refrigerants or semi–conductors). The primary source of GHG
emissions related to cannabis cultivation is energy usage for lighting and heating,
ventilating, and air conditioning, with a secondary source from vehicle emissions associated
with the transportation of workers and supplies to cannabis cultivation sites.
According to the Mills study, estimates of energy usage translates in terms of GHG emissions
to approximately 4,600 kg of CO2 per unit equivalent for growing indoor cannabis
nationwide annually (Mills, 2012). Expressed differently, the emissions associated with one
kg of processed cannabis is equivalent to driving across country 11 times in a 44-mile per
gallon car. This would be equivalent to 15 million metric tons of CO2 emissions (Mills,
2012). Traditionally, indoor cannabis growers used diesel gas generators or illegally tied
into utility electricity systems in an attempt to avoid detection by law enforcement (Warren,
2015).
Another source of GHG emissions results from the transportation of workers to and from
the cultivation sites. Additionally, if off-grid diesel power generation is used to support
outdoor or indoor cultivation it would result in the emission of various GHGs into the
atmosphere, estimated to result in a 50 percent increase of CO2 emissions compared to use
of grid power (Mills, 2012). Outdoor cultivation is also commonly associated with clearing
large plots of land and pesticide use which have been known to affect climate change (Mills,
2012; Warren, 2015).

5.6.3 Information Gaps

In general, information is lacking regarding the total extent of cannabis cultivation, related
energy demand, and GHG emissions relating to cultivation (including transportation). While
an increase in energy demand can put a burden on the California energy supply, very little
research has been done to quantify the total amount of current cannabis growers in the
State (medical or otherwise), primarily due to the fact that the majority of cultivation
operations are well-hidden to avoid law enforcement detection. Additionally, without an
established regulatory program that monitors use of high-powered lighting, ventilation
units, and other operational equipment, growers currently often have limited barriers to
exploit energy resources to maximize potential harvests. One study claims that utilizing
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energy efficient practices for cannabis cultivation has the potential to reduce an individual
site’s energy demand by 75 percent (Mills, 2012). However, this claim has not been backed
by any formal research or documentation.

5.6.4 Summary and Conclusions

Indoor and mixed-light cannabis cultivation operations in California are currently estimated
to use approximately 3 percent of total energy use and 9 percent of residential energy use in
the State (Mills, 2012). The energy is used when lights, ventilation, humidity, and
temperature control are used to maintain an ideal growing environment. Historically,
because of the illicit nature of growing cannabis, cultivators were forced to hide their
operations in residential buildings that illegally use regulated electricity or off-grid diesel
generators that were unregulated and inefficient.
Given that outdoor cannabis production consumes almost zero electricity, the practice of
indoor production may be considered inherently wasteful and inefficient by some, but
indoor production offers other advantages (e.g., increased security and higher yields) that
may balance the high energy consumption. Recent innovations, such as use of low-intensity
lighting in mixed-light cultivation operations, LED lighting, and other innovations in
efficiency, have provided a potential way to reduce the usage of energy for cultivation. The
MCCP will need to consider the potential energy use that might occur under a legal
framework requiring compliance with building and electrical codes, and whether some
county regulations limiting the wattage of indoor grow lights may be sufficient to prevent
wasteful or unnecessary energy consumption.
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5.7 Geology and Soils
5.7.1 Introduction
The geology and soils component of the literature review considers the potential impacts to
soils resulting from cannabis cultivation related to seismic activity, landslides, erosion, and
unstable geologic features and soils. Key concerns relate to evidence that increases in the
scale of cannabis cultivation have resulted in erosion impacts (NCRWQB 2013, CVRWCQB
2014, SWRCB et al. 2014).

5.7.2 Potential Effects

Potential adverse effects related to geology and soils due to cannabis cultivation are
described by category below.

Seismic Activity

Cultivation sites located in an Alquist-Priolo Earthquake Fault Zone or an area with
substantial evidence of a known fault may be subject to fault rupture, or other hazards
associated with strong seismic ground shaking and seismic-related ground failure, including
liquefaction (NCRWQCB 2015c).

Landslides

Activities that may trigger a landslide or exacerbate an existing landslide include the
removal of support material at the toe of a slope, the addition of weight to the top of a slope,
or the addition of water into the slope’s subsurface. Excavation or grading at slope toes (the
lowest part of an embankment slope); the addition of weight, such as spoil piles or
irrigation ponds at the tops of slopes, and the diversion of water into the subsurface of
slopes may occur on existing sites (NCRWQCB 2015c).

Erosion of Topsoil

Past and current practices associated with cannabis cultivation have been found to result in
erosion. These practices include grading, terracing, and construction of dams and roads
(NCRWQB 2013, CVRWQB 2014) including the creation of cultivation sites by grading into
very steep and erosive terrain (SWRCB and CDFW 2016). Other activities that may result in
erosion include runoff from irrigation systems, and improperly sited, constructed, or
maintained water storage ponds or tanks that may fail and discharge large amounts of
water (NCRWQCB 2015c).

Unstable Geologic Features

Structures and facilities associated with cannabis cultivation, including water storage tanks,
may be located on a geologic unit or soil that is unstable, or that would become unstable as
a result of the structure. Uncontrolled runoff from irrigation facilities could adversely affect
unstable features. Improper soil storage and disposal practices could exacerbate the
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instability of unstable features. These conditions could potentially result in on- or off-site
landslide, lateral spreading, subsidence, liquefaction or collapse (NCRWQCB 2015c).

Expansive Soils

Structures and facilities associated with cannabis cultivation may be located on expansive
soils. There is potential that roadways, water storage pads or ponds, swales, stream
crossings, or other structures and facilities could be damaged by expansive soils (NCRWQCB
2015c).

5.7.3 Information Gaps

With the exception of soil erosion, specific, documented, instances of soils and geology
issues are generally lacking in the literature. For instance, no literature has been found
documenting that seismic events at cannabis cultivation sites have caused damage or injury.
However, the mechanisms of effect described above can be considered in the context of sitespecific conditions to determine whether a concern exists for a given cultivation site.

5.7.4 Summary and Conclusions

Erosion, especially associated with development of cultivation sites and related
infrastructure on steep hillslopes, is a key concern associated with cannabis cultivation.
Other geology and soils issues are also possible, depending upon site-specific conditions.
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5.8 Hazards, Hazardous Materials, and Human Health
5.8.1 Introduction
The hazards, hazardous materials, and human health component of the literature review
considers the potential effects on the environment and human health that may result from
the use and disposal of hazardous materials in cannabis cultivation. Key concerns relate to
evidence that increases in the scale of cannabis cultivation have resulted in impacts, such as
the illegal use of rodenticides, fungicides, herbicides, and insecticides; substandard storage
of hazardous materials, such as diesel and gasoline (NCRWQB 2013, CVRWQCB 2014,
SWRCB et al. 2014), and indoor hazards associated with CO2 enrichment of grow rooms, and
the manufacture of cannabis extracts (Straughan 2016, Lukus 2015).

5.8.2 Potential Effects

Potential Effects of Cultivation Practices
Existing documentation of the impacts of past and current cultivation of cannabis shows
that, in recent years, impacts have increased in regions, such as the Central Valley and North
Coast, due to an exponential increase in the number of grows and the size of grow
operations (NCRWQCB 2013, CVRWQCB 2014). Potential hazards to the environment and
human health resulting from common cannabis cultivation practices are described below.

Pesticides

Current cannabis cultivation practices in California have been found to include the illegal
use of rodenticides, fungicides, herbicides, and insecticides, as documented by State
agencies whose enforcement and investigation activities has focused primarily on outdoor
grow operations and their impacts to the environment (NCRWQB 2013, CVRWQCB 2014,
SWRCB 2016a, b).
Extensive use of rodenticides at cannabis grow sites has been documented in studies
focused primarily on the health of populations of Pacific fisher, due to mortalities and other
evidence of widespread exposure of the Pacific fisher anticoagulant rodenticide poisoning.
The Pacific fisher inhabits wilderness areas that would generally be considered low risk for
rodenticide exposure (Bonham 2015).

Gabriel et al. (2013) sought to document the extent of the use of anticoagulant rodenticides
at cannabis grow sites in the wilderness areas inhabited by the Pacific fisher. The
researchers received confirmation from federal, State, and local law enforcement officers
that the poisons were present at most cannabis cultivation sites found on public and tribal
lands. Researchers documented information provided by the High Sierra Volunteer Trail
Crew, which had remediated more than 600 large-scale cannabis cultivation sites on public
lands (Gabriel et al. 2013). All of these sites were located in two of the 17 national forests
located in California, and may represent a smaller fraction of actual sites. The High Sierra
Volunteer Trail Crew’s data showed that anticoagulant rodenticides were present at 50
percent or more of the remediated sites (Gabriel et al. 2013).
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Thompson et al. (2013) conducted a study to relate survival rates of the Pacific fisher to the
presence and number of cannabis cultivation sites found within that animal’s home range
over the past 10 years. Researchers captured and radio-collared Pacific fishers, then tracked
their movements in relation to 315 sites where cannabis had been cultivated between 2002
and 2011, the locations of which were provided by law enforcement officials. Likelihood of
exposure was related to the presence of cultivation sites. Pacific fishers that died during the
study were found to have exposure to numerous toxicants, with brodifacoum, a chemical
used in over the counter rodenticides, identified as the most prevalent toxicant. In addition
to the outdoor use of pesticides, indoor grow operations may involve illegal fumigation,
including methods such as sulfur burners to control powdery mildew and CO2 fumigation to
control pests. Sulfur burners heat elemental sulfur, thereby creating sulfur dioxide.
Inhalation of sulfur dioxide can create sulfuric acid and can burn the respiratory tract.
Unregulated use of CO2 could exceed the California Occupational Safety and Health
Administration's (CAL-OSHA’s) immediately-dangerous-to-life-or-health level of 40,000
parts per million (ppm). Both of these operations are of concern to workers that may enter
the grow space, adjacent tenants unaware of the fumigation activity, and first responders
that may enter in response to emergency calls (Lukus 2015). Concerns with regard to
pesticide use include: (1) human exposure from inhalation, ingestion, or absorption of
pesticide residues on the crop; (2) exposure to workers cultivating the plant, tenants
adjacent to fumigated indoor spaces, and first responders who may enter fumigated spaces;
and (3) environmental contamination and potential wildlife effects (Feldman 2014, Lukus
2015).

Substandard Storage of Hazardous Materials

Grow operations involve the storage and use of hazardous materials, such as pesticides,
diesel, gasoline, and butane. Enforcement activities have found substandard storage
practices of hazardous materials that may result in the release of these materials to the
environment (CDFW 2014b, 2014c). Law enforcement officials have observed that toxicants
are usually dispersed throughout cultivation sites (Gabriel 2013).

CO2 Enrichment

Indoor grow operations may use CO2 enrichment to enhance plant growth. These CO2
enrichment systems flood the grow rooms with CO2, presenting potential asphyxiation
hazards. Growers typically keep CO2 levels in rooms at less than 1,500 ppm. To put this in
context, the CAL-OSHA eight-hour permissible exposure limit is 5,000 ppm. Typically, CO2
enrichment may be in the form of compressed/liquefied CO2 systems or a CO2 generator
supplied by natural gas. Compressed/liquefied CO2 systems may be small, such as a few
cylinders located inside each grow room, or they may be as large as an outdoor bulk tank.
The combustion process that powers CO2 generators off-gases both CO2 and CO (Lukus
2015), adding to the risk of asphyxiation.

5.8.3 Information Gaps

While some information is available regarding the hazardous materials, in particular
pesticides, that are used in cannabis cultivation, further information is desirable to develop
a complete understanding of what materials are being used most often, and in what
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quantities. While pesticide usage on other agricultural products can be considered and
projected for similarities and differences, much is unknown regarding potential impacts of
pesticide usage on agricultural products, such as cannabis, which are ultimately smoked and
consumed by humans.

5.8.4 Summary and Conclusions

Cannabis cultivation often involves the use and disposal of hazardous materials that could
adversely affect humans and the environment. The potential effects of this are beginning to
be addressed through regulations adopted by Regional Water Boards, as well as public
outreach and enforcement activities by the SWRCB, Regional Water Boards, CDFW, DPR,
DCA and others.
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5.9 Hydrology and Water Quality
5.9.1 Introduction
The hydrology and water quality component of the literature review considers the potential
effects on hydrology and water quality resulting from cannabis cultivation. Key concerns
relate to evidence that increases in the scale of cannabis cultivation have resulted in
impacts, such as reduced streamflow, erosion and sedimentation, and actual and potential
discharges of pollutants including rodenticides, fungicides, herbicides, insecticides,
fertilizers trash, human waste, and hazardous materials, such as diesel and gasoline
(NCRWQB 2013, CVRWQCB 2014, SWRCB et al. 2014).

5.9.2 Potential Effects

Potential Effects of Cultivation Practices
The available documentation of impacts of past and current cultivation of cannabis on water
resources and water quality is primarily based on the information obtained through
enforcement efforts. Within California, it has been observed that impacts have increased in
specific regions, such as the Central Valley and North Coast, where the number of grows and
the size of grow operations have grown exponentially in recent years (NCRWQCB 2013,
CVRWQCB 2014). Potential adverse effects to hydrology and water quality by common
cannabis cultivation practices are described below.

Reduced Streamflow. Water demand for cannabis cultivation has the potential to divert
substantial portions of streamflow in some affected watersheds. A study conducted by
Bauer et al. (2015) evaluated the impacts of water diversions from cannabis sites at a
watershed scale, through interpreting high-resolution aerial imagery to estimate the
number of cannabis plants being cultivated in four watersheds in northwestern California.
Estimates were made of the water demand of cannabis irrigation and the potential effects
water diversions could have on stream flow in the study watersheds. The results indicated
that the cultivation of cannabis could result in the diversion of substantial portions of
streamflow from the study watersheds, with an estimated flow reduction of up to 23
percent of the annual seven-day low flow in the least impacted of the study watersheds.
Estimates from the other study watersheds indicated that water demand for cannabis
cultivation exceeds streamflow during the low-flow period. Bauer et al (2015) concluded
that in the most impacted study watersheds, diminished streamflow is likely to have
potential lethal or sub-lethal effects on State- and federally-listed salmon and steelhead
trout and to cause further decline of sensitive amphibian species. Reduced stream flows can
diminish water quality parameters, such as temperature and sedimentation. Water scarcity
and resulting habitat degradation are anticipated to worsen, independent of the potential
effects of cannabis cultivation, because future hydrologic scenarios anticipate less water,
due to climate change (CDFW 2015a, b).
Erosion and Sedimentation. Cannabis cultivation activities, such as grading, terracing,
dam and road construction, can cause erosion and sediment deposits in streams (NCRWQB
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2013, CVRWQB 2014). Most cannabis cultivation sites inspected during the summer
cultivation season by CDFW staff holding search warrants have been found to require some
form of expedited remediation measures before the onset of winter rains due to poorly
constructed roads, stream crossings, on-stream dams, and cultivation areas graded into
very steep and erosive terrain. Without remediation, such conditions are likely to result in
direct and indirect sediment delivery to stream channels, which can adversely affect habitat
for State and federally-listed aquatic species (CDFW and SWRCB 2015).

Pollutant Discharge. Various practices that are common at cannabis cultivation sites
involve the use or generation of pollutants that have potential to enter streams, other
surface waters, and groundwater. These practices include the illegal use of various
rodenticides, fungicides, herbicides and insecticides; discarding trash; managing human
waste haphazardly; and substandard storage of hazardous materials, such as diesel and
gasoline (Gabriel et al. 2013, NCRWQB 2013, CVRWQB 2014). Additionally, fertilizers and
pesticides used at grow sites are often mixed directly in the water source, thereby
contaminating streams (SWRCB et al. 2014).

5.9.3 Information Gaps

The potential for adverse hydrology and water quality effects associated with cannabis
cultivation has been well documented through regulatory agency inspection and
enforcement actions. While the specific locations of many of the cannabis cultivation sites
that may be causing these issues is not well known, adequate information exists regarding
the issue in general to allow CDFA to develop programmatic management approaches and
measures.

5.9.4 Summary and Conclusions

Hydrology and water quality impacts of cannabis cultivation are beginning to be addressed
through regulations adopted by Regional Water Boards, as well as public outreach and
enforcement activities by the State and Regional Water Boards, CDFW, and others. It has
been noted that cannabis cultivation has increased exponentially in recent years, and that
hydrology and water quality impacts have similarly increased.
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5.10 Land Use and Planning
5.10.1 Introduction
This literature review considers the potential for cannabis cultivation to conflict with local
land uses or applicable land use plans, policies, or regulations.

5.10.2 Potential Effects

In general, impacts of cannabis cultivation related to land use and planning have been
addressed in news media reports, and less so within scientific and peer reviewed literature.
Specifically, concerns have been noted in publications by law enforcement organizations
and cited in local jurisdiction ordinances and regulations, but scientific and peer-reviewed
studies generally do not address this issue. For example, the California Police Chiefs
Association (2012) cite a 2008 Los Angeles Times article (Reiterman and Bailey 2008),
which reported that as many as 1,000 of the 7,500 homes in Arcata, Humboldt County were
being used to cultivate cannabis at the time. The authors reported that this had the effect of
reducing the available housing stock, spreading building-safety problems, and sowing
neighborhood discord (Reiterman and Bailey 2008).

The California Police Chiefs Association (2012) further states that cannabis dispensaries
have the effect of attracting criminals and loiterers, which in turn scare off potential patrons
of nearby legitimate businesses, causing loss of revenues and a deterioration of the affected
business district. This would represent an incompatible land use. With respect to the
widespread residential grow operations in Humboldt County and elsewhere, it could be
argued that many of these homes are being used more for commercial purposes (to the
extent that the cannabis is being illegally grown for sale) and not in accordance with the
residential land use designation.

That being said, many local jurisdictions specifically authorize cannabis cultivation in
residential zoning districts, though typically cultivation is intended to be limited to a small
quantity of plants or area of cultivation for personal use (not as a commercial operation).
For example, Calaveras County has drafted an ordinance allowing indoor and outdoor
cannabis cultivation in residential, commercial and other land use zones based on a tiered
permit system subject to zoning clearance certificates or administrative use permits. The
City of San Jose, meanwhile, specifies that cannabis cultivation collectives may only be
allowed in industrial/commercial zoning districts.

5.10.3 Information Gaps

The potential for cannabis cultivation to result in land use conflicts has been recognized as
an issue, and many local governments have addressed it through their zoning or
ordinances., It is unclear whether existing local land use regulations are sufficient to
prevent potential adverse effects on communities from cannabis cultivation. One of the
challenges in this literature review is that reports, studies, and articles on the impacts of
cannabis cultivation tend to focus on illegal operations, which are necessarily operating out
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of compliance with local laws, and hence less information exists regarding whether land use
and planning conflicts are prevalent for lawful growers.

5.10.4 Summary and Conclusions

The literature generally supports the notion that large-scale cannabis cultivation in
residential areas has the potential to reduce the housing stock and sow neighborhood
discord, while cannabis facilities in commercial areas could attract criminals, deter patrons
of lawful businesses, and otherwise adversely affect business districts. This could serve to
disrupt or compromise the intended land uses specified by local planning officials.

As described in Section 4, and shown in Appendix C (Table C-1), cannabis cultivation
regulations vary between local jurisdictions. A number of counties and cities have adopted
ordinances specifying zoning requirements for cannabis cultivation and limiting the
number of plants in certain zoning districts, while other local jurisdictions have not
identified any such land use-related requirements.
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5.11 Mineral Resources
5.11.1 Introduction
The following section focuses on potential for cannabis cultivation to result in the loss of
important mineral resources.

5.11.2 Potential Effects

The literature review did not reveal any substantial evidence connecting existing cannabis
cultivation sites with the depletion of any known mineral resources directly or indirectly, or
suggest that increases in the scale of cannabis cultivation would result in the loss of
availability of any particular locally-important mineral resource recovery sites.
As discussed in Section 3, past and current practices by both semi-legal and black-market
growing operations include grading, land terracing, vegetation removal, construction of
dams and roads, construction of irrigation systems and water storage ponds, and other
general damage to natural resources. Should these practices be conducted in areas
containing regionally significant mineral resources, there is potential for resulting impacts
and/or loss of mineral resources.

The State Mining and Geology Board represent the State's interest in the development,
utilization and conservation of mineral resources. The Surface Mining and Reclamation Act
requires that the State Mining and Geology Board identify, map, and classify aggregate
resources throughout California that contain regionally significant mineral resources.
Designations of land/mineral resource areas are assigned by the California Department of
Conservation and the California Geologic Survey following analysis of geologic reports and
maps, field investigations, and using information about the locations of active sand and
gravel mining operations. The MCRSA mandates applicants looking to receive a license from
the State to first receive a permit from their local permitting authorities. It is anticipated
that local governments would assist with enforcing State law and creating their own
standards in addition to State standards. Surface Mining and Reclamation Act requires that
local jurisdictions enact planning procedures to guide mineral conservation and extraction
at particular sites and to incorporate mineral resource management policies into their
general plans. It is presumed that Counties would, as applicable, encourage the
conservation (i.e., protection from incompatible land uses) of areas designated as having
substantial potential for mineral extraction and discourage development that would
substantially preclude the future development of mining facilities in these areas.

5.11.3 Information Gaps

Through this literature review, information was not found suggesting that areas classified
or designated by the State as having important mineral resources are being impacted by
cannabis cultivation. It is unknown whether this is because such impacts are not occurring,
or they are occurring, but have not been documented.
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5.11.4 Summary and Conclusions
The literature review did not reveal any substantial evidence connecting existing cannabis
cultivation sites with the depletion of any known mineral resource directly or indirectly, or
suggest that increases in the scale of cannabis cultivation would result in the loss of
availability of any particular locally-important mineral resource recovery sites.
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5.12 Noise
5.12.1 Introduction
This analysis focuses on the potential for cannabis cultivation to result in substantial
temporary or permanent sources of noise or vibration, as well as non-compliance with
applicable noise standards. The analysis particularly focuses on noise-sensitive land uses.
Such uses generally include those uses where exposure would result in potential adverse
effects (e.g., sleep disturbance, annoyance), as well as uses where quiet is an essential
element of their intended purpose. Residences are of primary concern because of the
potential for increased and prolonged exposure of individuals to both interior and exterior
noise levels. Other land uses typically considered sensitive to noise include hospitals,
convalescent facilities, parks, auditoriums, amphitheaters, public meeting rooms, motels,
hotels, churches, schools, libraries, and other uses where low interior noise levels are
essential.

Section 3.3.3, offers a list of typical equipment used for the cultivation of cannabis. Because
operational procedures for each cultivation technique are vastly different; equipment, and
therefore primary sources of noise, differ between cultivation practices. Primary sources of
noise are described below based on each cultivation technique.

5.12.2 Potential Effects

Outdoor Cultivation
Primary sources of noise resulting from outdoor cultivation practices could include
gasoline- or diesel-powered irrigation pumps, various landscaping equipment (including
chainsaws and/or mowers for the removal of outdoor trees and vegetation), land
preparation equipment (including construction equipment needed for grading, terracing,
dam and road construction, and cultivating), and/or worker vehicles.

Indoor Cultivation

Primary sources of noise resulting from indoor cultivation practices could include natural
gas- or propane-CO2 generators; equipment for temperature, humidity, and/or air flow
control (including ventilation fans, heating/air conditioner units, oscillating circulation fans,
and/or dehumidifiers); pumps; diesel or gasoline fuel generators; and indoor lighting (i.e.,
noise resulting from ambient humming).

Noise may also result from construction equipment used in the construction of new or
modifications to existing indoor facilities. Such equipment would vary based on site-specific
project designs.

Mixed-Light Cultivation

Primary sources of noise resulting from mixed-light cultivation practices could include
equipment for temperature, humidity, and/or air flow control (including ventilation fans
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and oscillating circulation fans); irrigation pumps; diesel or gasoline fuel generators;
construction equipment required for the setup of the greenhouse structure itself; and/or
worker vehicles.

Nurseries

Nursery operations may be entirely indoor, or use a combination of outdoor, indoor and
mixed-light scenarios. Primary sources of noise resulting from nursery operations would
include a wide variety of equipment similar to those sources described above.

Established Noise Exceedance Thresholds

Cities and counties often have established general plan noise elements and/or noise
ordinance thresholds which provide land use compatibility guidelines and locally
acceptable standards in order to reduce conflicts between land use and noise. The Office of
Noise Control (under the California Department of Health Services), in coordination with
the Office of Planning and Research, provides guidelines for the preparation and content of
noise elements for city and county general plans. (The most recent General Plan Guidelines
available were published by the Governor’s Office of Planning and Research in 2003
(Governor’s Office of Planning and Research 2003). Updated Draft General Plan Guidelines
were released in October of 2016 (Governor’s Office of Planning and Research 2016)).

As presented in Appendix C (Table C-1), some existing county and city ordinances regarding
cannabis cultivation have referenced noise standards. In all cases where cannabis
cultivation ordinances have referenced noise, references have directed applicants to
existing applicable noise standards and exceedance thresholds based on existing general
plans.

5.12.3 Information Gaps

Because city and county noise exceedance thresholds can widely vary, and the level of
existing ambient noise and reception of noise-increases by nearby sensitive receptors (both
important for the determination of potential impacts) is determined at a local level, very
little literature exists that captures all aspects of possible impacts related to noise resulting
from cannabis cultivation. Nevertheless, available information appears to be sufficient to
inform the evaluation of potential impacts and development of appropriate programmatic
management measures.

5.12.4 Summary and Conclusions

All types of cultivation (outdoor, indoor, and mixed-light) could result in adverse increases
to noise and/or vibration impacts related to preparation of the land and construction of
facilities for cultivation activities. Because operational procedures for each cultivation
technique are vastly different, equipment and, therefore, primary sources of noise differ
among cultivation practices. Similarly, established city and county general plan noise
elements and/or noise ordinance thresholds, which provide land use compatibility
guidelines and locally acceptable standards, differ across jurisdictions, zoning
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demarcations, and proximity to sensitive receptors. Noise levels resulting from the
cultivation activities themselves (regardless of type), would generally be anticipated to stay
below acceptable noise thresholds consistent with locally established noise ordinances for
activities within a given zoning and/or land use designation.
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5.13 Population and Housing
5.13.1 Introduction
The population and housing component of the literature review considers the potential
effects on population and housing resulting from cannabis cultivation. Key concerns relate
to the potential for cannabis cultivation to induce substantial population growth, with
resulting secondary effects related to traffic, air emissions, utilities, and public services.

5.13.2 Potential Effects

The 1996 adoption of the Compassionate Use Act has been cited as a factor in a substantial
increase in the number and size of cannabis cultivation sites since the 1990s (Harkinson
2014, Milestone 2011). Legislation to legalize cannabis in other states, such as Colorado and
Washington, has also been identified as a factor in the growth of cannabis cultivation
(Wobbekind 2016, Caulderwood 2014). While some observers have noted that, in
Humboldt County, the decline of the local timber industry led many longstanding residents
to begin cultivating cannabis without moving to a new location (Harkinson 2014), there is
evidence that favorable local cannabis laws may attract people to relocate. For example, in
2014, the City of Desert Hot Springs became the first municipality in Southern California to
legalize large-scale cannabis cultivation. Since the ordinance passed, officials have approved
applications for at least 11 businesses with plans for more than 1.7 million square feet of
cultivation operations, and at least eight other projects are in the approval process. Desert
Hot Springs chose to legalize large-scale cannabis cultivation to boost its lagging economy.
In San Bernardino County, the City of Adelanto, which is also facing economic difficulties
adopted a similar ordinance (Esquivel 2016).
The inducement of population growth may lead to adverse impacts, where such growth has
not been planned and there is a lack of infrastructure to support the population increase.
However, some municipalities may welcome economic activity that has the potential to
attract new investment and create new jobs. The 2016 Colorado Midyear Economic Update,
prepared by the University of Colorado Boulder Leed School of Business found that,
although cannabis is expected to continue to drive growth in retail sales and employment
statewide, the potential effects would occur specifically in the select areas of the state
where it has been legalized (Wobbekind 2016). This suggests that, in Colorado, there may
be some elements of self-selection, in which some municipalities or counties choose to
legalize cannabis specifically to attract this type of economic activity.

In California, some areas, such as Humboldt, Mendocino, and Trinity Counties have been
beset by illegal cultivation of cannabis (Harkinson 2014, SWRCB et al 2014) and have a
legacy of past impacts to contend with, while simultaneously planning for the future. Other
locations, such as the examples of Desert Hot Springs and the City of Adelanto, noted above,
are choosing to attract large-scale cannabis production to revive their local economies. Still
others, such as Kern County, have opted to ban all cannabis cultivation (Kern County 2011),
or, as in the case of Lake County, limit the legalization of cannabis cultivation to allowing
cultivation only by individuals that hold a current and valid physician recommendation or
State-issued MMIC, or a collective of such individuals (Lake County 2014).
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5.13.3 Information Gaps
While substantial literature was not found regarding the potential for cannabis cultivation
to result in changes in population or housing availability, the available information appears
to be sufficient to inform the evaluation of potential impacts and development of
appropriate programmatic management measures.

5.13.4 Summary and Conclusions

There is potential for programs that regulate cannabis to support economic activity
associated with cannabis cultivation, which could in turn result in population growth in
specific jurisdictions. There may be elements of self-selection, in which some municipalities
or counties may choose to legalize large-scale commercial cannabis facilities, while other
jurisdictions may ban all cannabis facilities, or allow cultivation only by individuals that
hold a current and valid physician recommendation or State-issued MMIC, or a collective of
such individuals. Depending on the circumstances of a particular jurisdiction, population
growth may be viewed a desirable outcome or an adverse impact. Adverse impacts may
occur if the growth is not planned, and local communities lack necessary infrastructure to
support growth. Potential management measures include the imposition of taxes or fees
that could be used to fund necessary infrastructure improvements to accommodate
population growth, such as public school construction.
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5.14 Public Services
5.14.1 Introduction
Public services include fire protection services, police protection services, schools, parks,
and other public facilities, such as hospitals. Adverse impacts associated with public
services typically relate to potential effects on service times or ratios and the need for new
or physically altered governmental facilities. For example, a concern would arise if cannabis
cultivation were to increase demand for fire protection or police protection services to a
degree that new firemen, policemen, and related equipment and infrastructure would be
needed to provide adequate public health and safety.

5.14.2 Potential Effects
Fire Protection

Fire Risks from Indoor Cultivation
A common concern encountered in the literature with respect to cannabis cultivation,
particularly indoor cultivation, is that the high electrical demand of the grow lights and
related equipment (e.g., filtration, ventilation, and cooling equipment), combined with the
often suspect or illegal wiring in the structures used in the operations increases the risk of
fire. This concern was echoed in the cannabis ordinances adopted by a number of California
counties, including, but not limited to, Calaveras, Colusa, Contra Costa, Lassen, Los Angeles,
Mendocino, Modoc, Napa, Nevada, San Joaquin, Santa Clara, Santa Cruz, Sierra, Stanislaus,
Sutter, and Tehama Counties. This concern was also expressed in the California Police
Chiefs Association’s 2009 White Paper on Cannabis Dispensaries, and has been expressed
by fire officials responding to cannabis-related structure fires (see articles referenced in
Table 5.14-1).
An Internet search revealed numerous incidents in various parts of California and the
country of house fires or other structure fires caused or suspected of being caused by
indoor cannabis cultivation operations. A summary of these incidents is provided in Table
5.14-1.

Medical Cannabis Cultivation Program
Literature Review

5.14-1

February 2017
Project No. 16.015

California Department of Food and Agriculture

5.14 Public Services

Table 5.14-1: Fires Caused or Suspected of Being Caused by Indoor Cannabis Cultivation
Operations
Location

Type of
Structure

Known or
Suspected
Cause

No. of Plants

Injuries or
Deaths

Citation

Elk Grove, CA

Residence

Faulty wiring

Two rooms full

None

Hickey and
Hooley 2015

Fresno, CA

Apartment

Overloaded
wiring, illegal
electrical tap

400

N/A

Lompoc, CA

Residence

Overheated
electrical wire

N/A

None

http://www.fresn
obee.com/news/l
ocal/crime/article
63392152.html
Unknown
Author #2 2016

Santa Monica,
CA

Residence

Faulty wiring

N/A

Two injured

Orzeck 2011

Brandon, FL

Residence

Illegal electrical
tap

31

None

10 News 2016

Felton, CA

San Diego, CA

Colorado
Springs, CO

Grand Rapids,
MI
Las Vegas, NV
Buffalo, NY

Walworth, NY

Residence

Residence

Residence

Residence
Residence
Residence
Residence

Suspected
electrical
malfunction

N/A

Bulb in heat
lamp fell from
ceiling onto
plants

100s

Overloaded
electrical wiring
Not indicated
specifically
Faulty wiring

N/A

Suspected
electrical wiring
Electrical

25

100

N/A

40–50

None

None

None

Two injured,
one critically
None

One dead, one
injured
None

Baxter 2012

Minsky 2015
Kucher 2016

Durbin 2016

Tunison 2016
Bertolaccini
2016

Besecker 2016

Unknown
Author #3 2016

As shown in Table 5.14-1, the majority of fires that have been associated with cannabis
cultivation have occurred at residences, typically with faulty or illegal wiring as the primary
cause.

As described by the Lompoc Fire Department Chief, Kurt Latipow, the problem with indoor
cannabis cultivation in residential buildings is that the electrical system in a residential
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building was likely designed for a very specific electrical power demand that is based on
appliances, lighting, and other electrical applications typically associated with residential
uses (Minsky 2015). For example, 30 amps of electrical demand on a wire or circuit
designed to accommodate 20 amps generates heat (Minsky 2015). According to Brahe
(2016) of Colorado Inspection Services, an average bedroom may share a 15-amp circuit
with another room, meaning that the wire is able to safely handle 15 amps of electricity at a
time. If this room is used to grow cannabis plants, a 1,000-watt grow light will require a
little over 9 amps to operate, leaving only 6 amps for all other equipment (Brahe 2016).
When you add in 100 watts for a circulating fan and 60 watts for an external light source,
this may consume the entire available 15 amps. While the circuit breaker that came with the
house may prevent the wire from dangerously overloading, illegal operations may replace
the standard circuit breaker or fuse with larger ones to allow more current to go through
the lines (Brahe 2016). This will not increase the capacity of the circuit, but will drastically
increase fire hazard by increasing the temperature that the wire and outlets may be allowed
to reach (Brahe 2016).
Larger home-grow operations with numerous high-intensity lights and associated growing
equipment may greatly increase power draw on a house’s electrical system. A large illegal
grow operation in Cotopaxi, Colorado, for example, was discovered by law enforcement in
part based on information provided by the local utility company, which reported that
electricity use at the nine homes involved in the operation had multiplied by as much as 225
times since the growers had bought the properties (Fialka 2016). During the raid on the
operation, law enforcement officers recovered 1,211 pieces of cannabis-growing
equipment, including numerous 1,000-watt bulbs, ballasts, and fluorescent lights (Fialka
2016). Although this operation was illegal, legal grow operations may also increase energy
consumption by substantial amounts. As described above, this increase in consumption is
primarily an issue from the perspective of fire hazard if the electrical wiring is not able to
support the increased demand. Upgrading the electrical circuits in a home via a licensed
electrician and in compliance with State and local laws may sufficiently reduce the fire
hazard of indoor cannabis grow operations, though there may be other hazards to
firefighters and first responders associated with indoor grow operations, as is described
further below.
While the incidents identified in Table 5.14-1 show that fires are certainly possible at
indoor cannabis growing operations, particularly at residences with faulty and/or illegal
wiring, it may be more difficult to ascertain how common fires are at grow operations in the
overall context of cannabis cultivation, and how common fires are at operations that have
illegal wiring versus those that have electrical systems that are up to code. Some
information is available from other countries. According to an article by the Chief of the
York Regional Police in Ontario, Canada, during 2001 and 2002, 4 percent of grow
operations in Ontario experienced fire (La Barge and Noakes 2016). The article states that
this rate is consistent with the rate in British Columbia, where 3.5 percent of grow
operations experienced fire between 1997 and 2000. According to the article, the likelihood
of fire in a grow operation is 40 times greater than in a private dwelling (La Barge and
Noakes 2016). However, it is unclear from the article whether or what percentage of these
grow operations were in compliance with local fire, electrical, and building codes. Cannabis
cultivation for any purpose was illegal in Canada prior to 2001, but even if growing was
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legal, many grow operations may not have adhered to local building laws, and thereby
greatly exacerbated any inherent risks in indoor cannabis cultivation.

Hazards to Firefighters

Another concern or potential impact of cannabis cultivation related to fire protection
services observed in the literature is the potential for increased risk to firefighters
responding to an incident at an indoor grow operation. The following factors were noted in
the literature regarding increased risk to first responders to an incident at a grow
operation:
•

•

•

•

Electrical hazards. Growing operations, particularly illegal indoor grow operations,
may have exposed wiring, terminals, or connections, due to illegal modifications to
the structure’s electrical system (Gustin 2010; Durbin 2016). Grow operations, both
legal and illegal, also typically have high-intensity artificial lighting (e.g., highvoltage mercury vapor or HPS lamps), each of which may require its own igniter,
capacitor, and transformer. As capacitors retain a charge even after power is cut off
to the equipment, firefighters risk electrocution if they make bodily contact with a
metal tool or direct a stream of water on this equipment at close range. Illegal
diversion of electrical service, which has been commonly observed at indoor grow
operations, may make it difficult or impossible for firefighters to effectively cut off
power to a grow operation before entering. (Gustin 2010)

Fire behavior. Grow houses are typically extensively insulated to increase the
efficiency of air-conditioning and to reduce heat transfer to the upper floors and
attic (Gustin 2010). Windows are also commonly covered or blocked for security
purposes or to improve insulation and/or facilitate controlled cannabis growing
cycles. According to Gustin (2010), these types of environments can hasten
flashover19 conditions, which can pose a hazard to firefighters.
Falling, tripping, and entanglement hazards. To mask the smell of cannabis or
allow for improved circulation in indoor grow operations, growers have commonly
cut holes in the floors to extend ductwork from the basement or between floors
(Gustin 2010; Durbin 2016). This may present a falling hazard for firefighters
responding to the scene, particularly in smoky conditions when the firefighter may
not be anticipating such hazards in a residential home. Likewise, indoor grow
operations may have extensive wiring to various pieces of electrical equipment,
irrigation tubing, and flexible ductwork, all of which may pose tripping or
entanglement hazards to firefighters operating in low-visibility conditions (Gustin
2010).

Explosion hazards. Indoor grow operations may have one or more pressurized gas
cylinders (CO2, propane-fueled CO2 generator), which can explode if exposed to fire
(Gustin 2010; Police Foundation 2015). This can pose a hazard to firefighters,
particularly if they are not expecting such materials in a residential environment.

Flashover is defined as the near-simultaneous ignition of most of the directly exposed combustible material
in an enclosed area. Flashover occurs when the majority of the exposed surfaces in a space are heated to their
auto-ignition temperature and emit flammable gases.
19

Medical Cannabis Cultivation Program
Literature Review

5.14-4

February 2017
Project No. 16.015

California Department of Food and Agriculture

•

•

5.14 Public Services

Mold. The air quality inside cannabis grow operations is a concern to firefighters
(Gustin 2010; Durbin 2016; Police Foundation 2015). Due to poor irrigation5 and
ventilation practices, indoor grow operations may have high levels of mold spores
present in the air. A study conducted by Martyny et al. (2010) on potential health
effects associated with indoor cannabis grow operations in Colorado found over 60
percent of the grow operations they sampled had mold spore levels or Penicillium
spore levels that exceeded outdoor levels by at least 10 times (Martyny et al. 2010).
In some cases, the levels were in excess of 100 times the outdoor level, and levels
were increased during “tear-out” of the grow operations. The study advised that
failure to utilize respiratory protection could result in respiratory irritation,
headache, difficulty breathing, chest tightness, and other symptoms caused by the
mold exposure (Martyny et al. 2010).

Oxygen deficiency. Grow operations may be substantially oxygen-deficient due to
the practice of increasing the CO2 concentration in the growing environment for
increased yields. While the normal CO2 level in the outside air ranges from 300 ppm
to 400 ppm, in cannabis grow operations it is desirable to have levels of CO2 from
700 ppm to up to 2000 ppm (Martyny et al. 2010). Increasing the CO2 concentration,
as such, may result in an oxygen-deficient atmosphere (Gustin 2010), which could
potentially pose an asphyxiation hazard to firefighters or other first responders.

All of the concerns described above appear to be real, and have been encountered in the
field by firefighters that have responded to fires that have occurred at indoor cannabis grow
operations. However, as described above with respect to increased fire risk, many of these
issues are related to, or exacerbated by, the illegality of many grow operations and noncompliance with building and fire codes. It remains to be seen whether compliance with
applicable laws and regulations can sufficiently minimize potential hazards to firefighters.

Police Protection

Crime Risk at Grow Operations
A common concern encountered in the literature with respect to police protection is that
cannabis grow operations may generate increased risk for crime, such as armed robbery,
which in turn can affect the safety of the surrounding neighborhood (California Police Chiefs
Association 2009; Garmire 2009). This risk may be driven by a number of factors, including,
foremost, the fact that cannabis continues to be extremely valuable, and therefore a target
for would-be robbers. According to Forbes (2015), using data from the crowd-sourcing
website PriceofWeed.com, the retail price of cannabis in California is roughly $242 per
ounce, equating to $3,872 per pound.
Cannabis plant yields depend on a number of factors, including the strength of the growlight used (for indoor), as well as temperature, humidity, CO2, and space. Maximum yields
have been estimated at 1 pound per plant (GrassCity 2015). Multiplying this by the price per
pound equals a value of approximately $4,000 per plant, if maximum yields are achieved.
Even assuming individuals are only growing six mature plants for personal use, this equates
to a very large amount of value (up to approximately $24,000) that may be present. Larger,
commercial operations could have millions of dollars-worth of cannabis on the premises at
any given time given the commodity’s high value.
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An additional factor making cannabis businesses, or residents who may engage in
cultivation and sales of home-grown cannabis, targets for robbery is that currently
traditional banks are generally unwilling to service the cannabis industry. Due to the fact
that cannabis remains a Schedule 1 drug under the federal Controlled Substances Act, and
therefore is illegal for all uses under federal law, banks are unwilling to risk federal
prosecution for aiding and abetting a federal crime. This means that cannabis-related
organizations or businesses, including medical cannabis cooperatives in California and
cannabis businesses in Washington, Colorado, and other states that have legalized
recreational cannabis use, have been forced to deal in cash. Retaining large amounts of cash
on-site has made many businesses in Colorado, for example, targets for robbery (Dokoupil
and Briggs 2014).
An internet search revealed a number of armed robberies and related crimes that have
occurred at cannabis grow operations in California and around the country, shown in
Table 5.14-2. While this list may demonstrate the types of incidents that have occurred and
could potentially occur in the future, it is not exhaustive and may not be indicative of larger
trends. It should be considered in light of the fact that many illegal grow operations may not
report armed robberies or other crimes out of fear for their own prosecution, as well as the
fact that there are likely thousands of such legal and illegal grow operations in California
and the country, many of which may not have experienced crime.

Table 5.14-2. Reported Armed Robberies and Related Crimes at Cannabis Grow Operations
Location

Type of
Crime(s)
Committed
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Location

Type of
Crime(s)
Committed

Type of Grow
Operation

No. of Plants

No. of Injuries
or Deaths

Citation

Amador County,
CA

Homicide,
Armed Robbery

Indoor and
outdoor, at
residence

779

One dead,
victim

Recordnet.com
2011

Fresno County,
CA

Armed Robbery,
Kidnapping

Indoor, at
residence

150

Two suspects
killed in gun
battle

Kemp 2014

Fresno County,
CA

Armed Robbery

Outdoor, at
residence

200

One suspect
killed when run
over by pickup
truck during
altercation

Rose 2015

Riverside
County, CA

Armed Robbery

At residence,
unknown if
indoor or
outdoor

N/A

None

O’Neill 2015

Sacramento, CA

Homicide

Indoor, at
residence

100s

One dead

Chang 2016

San Francisco,
CA

Armed Robbery,
Kidnapping

Indoor, at
commercial
building site

1,000

None

Aldax 2013

San Lorenzo,
CA

Attempted
Burglary

Indoor, at
residence

200

Minor injuries to
the victim

Kirschenheuter
2015

South
Sacramento, CA

Robbery

Indoor, at
residence

N/A

None

Johnson 2016

Tehama County,
CA

Homicide,
Armed Robbery

At residence,
unknown if
indoor or
outdoor

N/A

One dead,
victim

KRCR 7 2016

Canon City, CO

Armed Robbery

Indoor, at
residence

N/A

Victim bruised,
suspect believed
to be shot

Ray 2015

Denver, CO

Attempted
Home Invasion

Indoor, at
residence

N/A

Suspect shot

Hickey and
Hooley 2015

Hialeah, FL

Armed Robbery,
Kidnapping

Indoor, at
residence

N/A

Victim beaten

Unknown
Author #1 2015

Bellevue, WA

Armed Robbery

Indoor,
commercial
storefront

N/A

None

Macz 2015

As shown in Table 5.14-2, a number of instances of violent crime associated with cannabis
growing operations have occurred in California and elsewhere. These crimes have occurred
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at both legal and illegal growing operations, though, as noted above, it is likely that many
more crimes than those listed in Table 5.14-2 have gone unreported at illegal grows. Of note
in the incidents reviewed, many of them occurred at residences that housed cannabis
growing operations, which, in many instances, had the added effect of frightening the
neighborhood community.

While the incidents described in Table 5.14-2 support the concerns of the law enforcement
community and others that cannabis cultivation and activity may increase potential for
crime, some studies have shown an opposite or contrasting effect. Morris et al. (2014)
evaluated the effect of medical cannabis laws on crime in states that have approved the use
of medical cannabis. After controlling for a number of sociodemographic factors, the study
found that medical cannabis laws were not predictive of higher crime rates and may be
related to reductions in rates of homicide and assault (Morris et al. 2014). Similarly, Kepple
and Freisthler (2012) evaluated the relationship between medical cannabis dispensaries
and crime based on location, and found no relationship between the two. Their results
suggest that security measures at dispensaries, such as surveillance cameras and posting a
doorman may act as effective deterrents to crime.
As reported by Dokoupil and Briggs (2014), however, this has not been the experience of
Colorado, where dispensaries have faced frequent robbery and burglary attempts despite
requirements since 2010 to install alarms and surveillance cameras. Likewise, the Police
Foundation (2015) reports that burglary rates at licensed cannabis facilities in Colorado are
much higher than other retail outlets like liquor stores. They assert that burglaries occurred
at 13 percent of Denver’s licensed cannabis facilities in 2012 and 2013, compared with just
2 percent of liquor stores (Police Foundation 2015).

The potential increased risk of crime attracted by cannabis-related facilities could increase
calls for police service, thereby potentially affecting response times in the jurisdiction, and
divert police resources from other focus areas.

Cannabis Diversion to States Where Cannabis Cultivation is Not Authorized

Another concern expressed in the literature is that cannabis cultivation in states where
cannabis has been legalized (for medical and/or recreational purposes) may increase
diversion to states where cannabis remains illegal. The U.S. DEA, for example, states that
since 2014 (i.e., the year cannabis was legalized in Colorado), there has been a noticeable
increase in organized networks of sophisticated residential grow operations in Colorado
that are orchestrated and operated by drug trafficking organizations (DEA 2016b). The
report alleges that these organizations operate hundreds of large-scale home grows
throughout Colorado, and ship or transport harvested cannabis from Colorado to markets in
the Midwest and along the east coast (DEA 2016b).

From a public services perspective, increased illegal diversion of cannabis to other states
could increase the number of law enforcement resources needed to prevent the diversion.
According to the Police Foundation (2015), the states of Nebraska and Oklahoma filed a suit
in the U.S. Supreme Court in 2014 alleging that Colorado’s recreational cannabis law
violated the U.S. Constitution and had caused significant hardship for law enforcement
agencies in the two states because of criminals illegally transporting Colorado cannabis
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across state lines. In response to the additional law enforcement costs in bordering states,
Colorado legislators introduced a bill to share surplus revenue with bordering states’ law
enforcement agencies to further prevent out-of-state cannabis diversion, but the bill died in
the 2014 legislative session (Police Foundation 2015).
With increased cannabis production under the MCCP, California could face similar pressure
from other states and the federal government to prevent diversion to other states. Given
that California is currently, by most estimates, the largest producer of cannabis in the nation
(California has been estimated to produce 60 to 70 percent of the nation’s cannabis [Carah
et al. 2015]), law enforcement is likely already dedicating resources to preventing illegal
movement of cannabis across state borders from California. Nevertheless, if cannabis
production increases, additional resources may be needed.

Parks

No potential impacts specifically related to parks were identified in the literature. Impacts
to parks would be primarily related to increases in population (e.g., due to a residential
housing development project) which in turn increase demand for parks or decrease parks
service ratios. This increased demand may create the need for new or expanded park
facilities. Some evidence was found in the literature that certain cities or areas of the State
may experience growth and development as a result of the program and their own
permissive local regulations (Esquivel 2016; Staggs 2016), but it is difficult to tell where
and to what degree potential population growth may occur until the market is established.

It was also noted that a number of counties expressed concern regarding potential for
cultivation facilities to be located near parks, or other types of facilities where children may
be present, and have included setback requirements from such facilities in their local
cannabis regulations.

Schools

Similar to parks, impacts to schools would be primarily related to potential to increase
population and thereby increase demand on existing schools, and create the need for new
or expanded school facilities. Evidence was not found in the literature that cannabis
cultivation has increased population in any locations to a degree that could meaningfully
affect school service. Some evidence was found that certain jurisdictions or areas could
experience development and growth associated with cannabis cultivation due to their
permissive local regulations and/or favorable climate, but it is difficult to determine where
this growth may occur until the market is established.

As noted above, a number of counties included setback requirements in the ordinances they
have adopted in regards to cannabis cultivation precluding cultivation activities from
occurring within close proximity to schools or other youth-oriented facilities (see Appendix
C [Table C-1]). A typical requirement is that cultivation sites may not be located within
1,000 feet of any existing or proposed schools.
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Other Public Facilities
Some studies have shown that commercial production of medical cannabis, and legalization
of cannabis for recreational use, have increased emergency room visits (Manella 2016;
Rocky Mountain High Intensity Drug Trafficking Area 2015). For example, as reported by
the Rocky Mountain High Intensity Drug Trafficking Area (2015), the emergency
department rates per 100,000 population for cannabis-related issues in Colorado increased
from 179 in 2012 to 248 in 2013 (the first year of legalization). It is unclear whether these
impacts reported on medical facilities are directly or indirectly attributed to the legalization
of cannabis; in other words, whether emergency room visits increased because of an
increase in the number of cannabis users, increased because existing users increased
product usage, or whether more users visited emergency rooms because marijuana usage
was legal and therefore, publicly acceptable. Regardless, these impacts appear to be an
effect primarily related to cannabis usage, rather than cultivation.

5.14.3 Information Gaps

In general, the available information appears to be sufficient to inform the evaluation of
potential impacts on public services and development of appropriate management
measures.

5.14.4 Summary and Conclusions

This literature review identified a number of potential impacts to public services that may
occur from cannabis cultivation. Specifically, increased risk of fire from inadequate
electrical wiring in indoor grow operations was a concern commonly cited in the literature.
There have been a number of incidents of fires caused by indoor cannabis cultivation,
particularly in residential homes. The majority or all of these incidents, however, occurred
at illegal operations that were not in compliance with electrical, fire, and building codes, or
were actively stealing power from the local utility through an illegal electrical wire tap.
However, indoor cannabis cultivation in residential structures may be inherently dangerous
due to the high electrical demands.

Similar to fire risk and potential adverse effects on fire protection service, possible police
protection impacts were noted in the literature associated with increased risk of crime at
cannabis facilities. Due to the high value of cannabis and the fact that cannabis businesses
are currently forced to deal in cash (banks are unwilling to serve them), cannabis facilities
or individuals who choose to grow cannabis at home may face increased risk for burglary,
armed robbery, and other related crimes, which could place increased pressure on police
protection services. This effect has been observed in Colorado, where licensed cannabis
establishments have faced elevated rates of burglary and robbery; however, the industry
continues to thrive in Colorado and other states where commercial-scale production and/or
recreational cannabis use have authorized, and private security companies have stepped in
to reduce the risk and ease the burden on local police forces. In addition, it is conceivable
that there would be reductions in law enforcement demands related to drug enforcement if
more illegal grow operations become licensed.
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Other potential public services impacts identified in the literature include hazards to
firefighters, increased diversion of cannabis to states where it is not legal, and increased
emergency room visits associated with excessive cannabis use. One challenge identified in
the literature review is that because cannabis has largely been illegal, and continues to be
illegal under federal law, much of the information available on cannabis cultivation is in
regards to illegal operations. Given that the MCCP will require compliance with applicable
laws, such as building codes and local permitting regulations including security
requirements, information on illegal operations may not be applicable to the potential
impacts of the MCCP.
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5.15 Recreation
5.15.1 Introduction
Cultivation of cannabis is illegal on public lands, unlawful cannabis grow sites exist within
many public lands, including National Park Service and U.S. Forest Service territories.
Individuals engaging in cannabis cultivation and associated activities (e.g. encampments,
illegal water diversion, and deforestation) on State and federal parks and recreational lands
risk prosecution under federal, State, and local laws.

5.15.2 Potential Effects

Illegal Grow Operations
Impacts to resources within public recreational lands, including water diversions, removal
of trees and vegetation, and impacts to the safety of recreationists and park staff have been
controversial issues associated with cannabis cultivation. According to U.S. Forest Service
Director of Law Enforcement, David Ferrell, as of December 2011, cannabis cultivation sites
in 20 states on 67 national forests had caused “severe” damage to public lands (Live Science
2014). Experts estimate that there are 50,000 grow sites in California and an additional
5,000 abandoned grow sites on public lands that are in need of restoration (The Nature
Conservancy 2015). Remote public recreational lands are often characterized by dense
screening forest vegetation, fertile soils, water sources, and an extensive system of roads
and trails that make these locations attractive to illegal cannabis cultivators. Such illegal
cultivation sites can cause damage to the parks' natural resources and create a serious
threat to public and park staff safety.
While impacts to recreational resources exist as a result of illegal cannabis cultivation
operations, lawful medical cannabis cultivation under the MCRSA would not be allowed on
such public lands.

Impacts on Recreational Facilities

While there is potential for programs that regulate cannabis to support economic activity
associated with cannabis cultivation, as described in Section 5.13, which could in turn result
in increased use of recreational facilities, the literature reviewed provided no evidence to
suggest that cannabis cultivation has resulted in any changes to the use of neighborhood
and regional parks or other recreational facilities such that substantial physical
deterioration of such facilities would occur or be accelerated; or require the construction or
expansion of recreational facilities. Therefore, resulting increases or decreases in use of
recreational facilities; and eliminations, reductions, or modifications to existing recreational
facilities are not anticipated.

5.15.3 Information Gaps

Literature on cannabis cultivation in relationship to recreation tends to focus on illegal
cultivation operations on public lands. Because cultivation on public lands is strictly
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prohibited, no information exists related to lawful cannabis cultivation on public lands.
Information related to secondary effects on recreational facilities as a result of population
growth was generally lacking.

5.15.4 Summary and Conclusions

Impacts to recreational resources exist as a result of illegal cannabis cultivation operations.
It is unclear based on the literature whether lawful cannabis cultivation under the MCRSA
would affect existing and/or projected future illegal operations occurring on public parks
and recreational properties. Similarly, the literature does not contain information to suggest
that lawful cannabis cultivation would result in any changes to the use of neighborhood and
regional parks or other recreational facilities.
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5.16 Transportation and Traffic
5.16.1 Introduction
This literature review section evaluates the potential for cannabis cultivation operations to
have substantial traffic effects on local or regional roadways, as well as potential conflicts
with plans and policies related to transportation systems.

5.16.2 Potential Effects

In general, transportation and traffic impacts are not commonly cited in the literature as
concerns with respect to cannabis cultivation activities. Several sources and counties noted
the potential for cannabis retail locations to increase vehicle and foot traffic in the
immediate vicinity. For example, the California Police Chiefs Association (2009) noted the
potential for loitering, and heavy vehicle and foot traffic to occur just outside dispensaries
or as ancillary byproducts of their operations. While these potential impacts would be
limited primarily to retail locations, it is possible that some dispensaries may also cultivate
cannabis on the premises under the MCCP. The DEA similarly reports that common
complaints from neighbors about cannabis grow houses include heavy vehicle traffic (DEA
2016a). This is presumably owing to trips to and from the cultivation site by employees,
buyers, sellers, and for the purposes of transporting supplies and related activities.
As for transportation and traffic impacts in general, the severity of these potential impacts
associated with cannabis cultivation facilities may vary substantially based on the specific
context. For example, if a cannabis cultivation site were to be located on a busy intersection
the addition of traffic associated with cultivation may further degrade LOS. Without
knowing the location, however, this is impossible to determine.
As mentioned previously in Section 5.14, limited evidence was found in the literature to
indicate that cannabis cultivation has substantially increased populations in particular
areas to a degree that it resulted in regional transportation and traffic impacts or noncompliance with applicable transportation plans or congestion management plans. Some
sources reviewed suggest certain jurisdictions or areas of the State may experience
substantial growth and development associated with cannabis cultivation owing to their
permissive local regulations and/or favorable climate (Esquivel 2016; Staggs 2016), but it is
difficult if not impossible to ascertain to what degree such development may occur and
what the potential localized or regional effects may be.

One salient concern noted in the literature with regard to cannabis and traffic is the
potential for legalized or more widely available cannabis to result in increased drivingunder-the-influence accidents. The Washington Traffic Safety Commission (WTSC), for
example, reports that the number of drivers involved in fatal accidents who tested positive
for cannabis increased 48 percent from 2013 to 2014, a time period coinciding with the
legalization of cannabis for recreational use in Washington State (WTSC 2015). This
potential effect is considered to be a function of cannabis use rather than cultivation.
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5.16.3 Information Gaps
Information was not found in the literature addressing whether cannabis cultivation has
had potential effects on traffic conditions or systems. However, such effects would be
anticipated to be site- and context-specific, and would be related to the conditions
associated with a particular cultivation operation or region.

5.16.4 Summary and Conclusions

As described above, cannabis cultivation-related transportation and traffic impacts are not
commonly cited as concerns in the literature. Several sources noted the potential for
cannabis dispensaries, grow houses, or other establishments to generate increased vehicle
and foot traffic in their immediate vicinity; however, it is unclear to what degree this could
occur and, depending on the size of the establishment and location, whether significant
impacts could result. No concrete examples were found in the literature of cannabis
cultivation facilities, for example in Colorado, Washington, or Oregon States where cannabis
has been legalized for recreational use, significantly adversely affecting traffic flow in the
surrounding area. The results of this literature review indicate that transportation and
traffic impacts are not a significant concern, especially on a program level, with respect to
cannabis cultivation. Further, it may be impossible to evaluate potential transportation and
traffic effects if it is not known where specific facilities will be located and what size they
may be.

The potential for commercial cannabis production to increase driving-under-the-influencerelated traffic accidents is commonly cited as a concern in the literature, and data from
Washington State indicates that drivers in fatal accidents testing positive for cannabis
increased nearly 50 percent in the year following legalization (WTSC 2015). However, this
potential impact is not considered within the scope of this analysis and will not be evaluated
in the EIR.
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5.17 Tribal Cultural Resources
5.17.1 Introduction
Legislation regarding Tribal Cultural Resources and CEQA–AB 52 introduced by Mike Gatto
in 2014 (Public Resources Code 5097.94) –determines that any project that may cause a
substantial adverse change in the significance of a TCR is a project that may have a
significant effect on the environment. Defined under Public Resources Code 21074(a), TCRs
are sites, features, places, cultural landscapes, sacred places and objects with cultural value
to a California Native American tribe that are included or determined to be eligible for
inclusion in the CRHR or included in a local register of historical resources. The legislation,
furthermore, ensures that tribal knowledge about the land and TCRs are acknowledged and
addressed by requiring CEQA lead agencies to consult with California Native American
tribes who are traditionally and culturally affiliated with a project location.
This section discusses the potential effects of cannabis cultivation on TCRs.

5.17.2 Potential Effects

TCRs could be impacted by many of the actions related to cannabis cultivation described in
Chapter 3 and Section 5.5. Any ground-disturbing activities, in particular, have the potential
to impact TCRs that are archaeological and/or burial sites. However, TCRs also include
places, cultural landscapes, and sacred places that are geographical locations not
necessarily recognizable by the presence of artifacts and, thereby, can only be identified
through consultation with tribes that have a traditional and cultural affiliation with an area.
Watersheds and landscapes with prominent rock formations are often identified as TCRs.
The alteration of the viewshed of these resources, in addition to direct disturbance of these
locations, are potential impacts to TCRs of this nature.
There is no indication through the literature review that indicates TCRs have been impacted
by existing cannabis cultivation sites, or suggests that increases in cannabis cultivation
would directly or indirectly affect TCRs. However, the potential that TCRs (especially
archaeological sites) may have been disturbed can be inferred based on the level of
environmental damage that has been caused by illegal cannabis production on public lands
(e.g., Carah et al. 2015; Milestone et al. 2012; Thompson et al. 2014). Tribal lands have also
been impacted by cannabis cultivation not authorized by the tribes (Carah et al., 2015; Greg
2014; Office of National Drug Control Policy 2016).

Only Humboldt County has mentioned the potential for impacting TCRs in their recent
amendment to the County’s ordinance for the cultivation of cannabis (Humboldt County
2016 Ordinance No. 2544 [#98]). Although not mandatory for all potential projects,
Humboldt County “reserves the right to engage with local Tribes before consenting to the
issuance of any clearance or permit, if cultivation operations occur within an Area of
Traditional Tribal Cultural Affiliation.” Consultation with Native American tribes would
occur in a “government-to-government” manner similar to that outlined by AB 52, and
chaptered at Public Resources Code 21080.3. The Humboldt County ordinance also
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acknowledges that tribes may request that permits avoid, minimize, or mitigate impacts to
TCRs, which may include, but not be limited to “conducting a site visit with the Tribal
Historic Preservation Officer or their designee to the existing or proposed cultivation site,
requiring that a professional cultural resources survey be performed, or requiring that a
TCR monitor be retained during project-related ground disturbance within areas of
sensitivity or concern.” The county will also request that a records search be performed
through the California Historical Resources Information System.

5.17.3 Information Gaps

While literature was found documenting the presence of illegal cannabis cultivation on
sovereign tribal lands, literature addressing impacts of cannabis cultivation on TCRs outside
of such locations was generally lacking.

5.17.4 Summary and Conclusions

Ground disturbing activities related to the development of cannabis cultivation have the
potential to disturb TCRs, and development and use of cultivation sites could affect the
viewshed of some landscape-related TCRs.
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5.18 Utilities and Service Systems
5.18.1 Introduction
The analysis of utilities and service systems focuses on the issues of water supply,
wastewater treatment, stormwater collection and conveyance, and solid waste. Potential
impacts related to energy, with respect to electric utilities and service systems, resulting
from cannabis cultivation are addressed in Section 5.6.

5.18.2 Potential Effects
Water

As described in Section 3.3.6, a number of factors affect the source and usage of water for
cannabis cultivation, including but not limited to the cultivation method, climate and
location of the cannabis cultivation site, growth stage of the cannabis plant, irrigation
system design, and quantity of cannabis plants. Potential impacts to water supply from
cannabis growing operations would depend on the water source, specifically whether the
operation obtains water from a municipal system or another source. Currently, as described
in Section 5.9, it has been widely noted that cannabis cultivation is having a substantial
impact on streamflow, particularly in the north coast region of California. Bauer et al.
(2015), for example, found that water demand for cannabis cultivation exceeds streamflow
during the low-flow period in certain watersheds in the north coast region of the State.
However, many of these diversions are illegal, and therefore may not be applicable to the
MCCP, and also are occurring high in the watershed where streams are smaller and flows
more intermittent.
To the extent streams being diverted for cannabis cultivation feed into surface waters
tapped by utilities, or replenish groundwater used by municipal systems, these diversions
could adversely affect those water supplies. This would be an indirect impact on water
utilities and/or senior water rights holders. Under the MCCP, which would require that
growers provide proof of water-use rights, it may be anticipated that more growers would
locate in more conventional agricultural lands or developed areas and obtain their water
from utilities rather than via direct diversion, though with cannabis remaining illegal under
federal law, utilities and irrigation districts that obtain water from federal projects may not
serve cannabis cultivation (Washington State Department of Ecology 2016; Reitz 2015).

Concerns regarding indoor cannabis cultivation water use and/or direct impacts on
municipal water utilities were less frequently noted in the literature, but indoor cannabis
cultivation water demands have been estimated to be substantial, as described in
Section 3.3.6.

Wastewater

Potential adverse effects related to wastewater (e.g., contribution to exceedance of
wastewater treatment requirements or wastewater treatment provider capacity) were not
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frequently encountered in the literature. It was commonly noted the potential for cannabis
cultivation operations to adversely affect downstream water quality through discharges of
pesticides and fertilizers, as well as watershed impacts associated with erosion and
sedimentation, but these impacts are primarily related to hydrology and water quality and
are discussed in Section 5.9.
In general, it appears that indoor growing operations connected to the municipal system
could contribute wastewater that contains pesticides and fertilizers (e.g., O’Hare et al.
[2013] note that hydroponic systems in particular produce more nutrient pollution than
other growing methods), but information was not found in the literature to suggest that this
is a substantial issue.

Stormwater

As described above, runoff from outdoor growing operations is a significant concern of the
RWQCBs and others in the literature. Outdoor growing operations can result in erosion and
sedimentation in sensitive watersheds, and discharges of pollutants to receiving water
bodies, resulting in potential adverse effects on beneficial uses. Again, however, this issue is
primarily related to hydrology and water quality and is discussed in Section 5.9. Impacts
specifically related to stormwater (e.g., increased discharges to stormwater collection and
conveyance facilities) generally were not cited as concerns in the literature.

Solid Waste

Solid waste, as it relates to the CEQA significance criteria, is not typically cited as a concern
in the literature. Many county and other state regulations contain rules regarding proper
disposal of unused cannabis (e.g., rendering the cannabis unusable via grinding and
incorporating it into other wastes or via other methods), but generation of solid waste such
as to exceed capacity of existing landfills is not cited as a concern.

5.18.3 Information Gaps

Conflicting information was found during the course of this literature review regarding the
water demand of cannabis plants, and little information was found regarding how it may
differ between different growing conditions, parts of the State and irrigation practices. In
addition, no information was found regarding the typical composition of wastewater from
cultivation operations discharging to the municipal system, whether there are constituents
that are particularly difficult to treat via conventional wastewater treatment systems,
and/or whether there are constituents at high enough concentrations to pose problems for
wastewater treatment facilities.

5.18.4 Summary and Conclusions

This literature review has found that cannabis cultivation has the potential to impact
utilities and service systems, particularly with respect to water usage. Although there are
varying estimates in the literature, cannabis is often characterized as a high water-use plant.
Water use by cannabis growers in the north coast area of California has severely impacted
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streamflow, in some cases completely dewatering streams during the low-flow period. It
remains to be seen, however, whether this water use may decrease or if growers may obtain
water from more traditional sources (e.g., directly from utilities or irrigation districts)
under the MCCP when there may be increased opportunity to locate in traditional
agricultural areas.
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Section 6
RECOMMENDATIONS

6.1 Overall Regulatory Approach
6.1.1 Reliance on Existing Laws and State Regulatory Programs
The MCRSA identifies that licensees under the MCCP must comply with all applicable laws.
To the extent such laws address potential adverse environmental effects, further regulation
of these issues by CDFA would be duplicative and unnecessary. Examples include building
code standards, CAL-OSHA requirements, and requirements for hazardous materials
transportation, use, storage, disposal, and labor.

As outlined in Chapter 3, a number of State agencies have jurisdiction over the resources
that may be impacted by cannabis cultivation. For some of these agencies (e.g., SWRCB and
CDFW), the MCRSA includes guidance, and/or requires the agencies to develop guidance,
regarding the manner in which these agencies apply their regulatory authority to cannabis
cultivation. In addition, several other agencies (e.g., the NCRWQCB and CVRWQCB)
developed regulatory programs specific to cannabis cultivation which predate the MCRSA.
Where existing laws and regulatory programs address particular topics of concern,
compliance with these laws and programs are identified below in the recommendations for
resource-specific management measures.
Overall, it is recommended that CDFA require applicants to provide evidence of compliance
with applicable laws and regulations (e.g., CDFW’s LSAA Program) where deemed necessary
to ensure that environmental resources are being protected and that the issuance of a
particular license would not result in significant impacts under CEQA. For other topics (e.g.,
compliance with building codes), compliance can be assumed, as it would be regulated and
enforced by the appropriate regulatory body.

6.1.2 Reliance on Local Regulatory Programs

Local governments are required to develop their own standards and approval processes for
cannabis cultivation, and as part of that process, comply with CEQA. A number of cities and
counties have adopted, or are considering adopting, cannabis cultivation ordinances and
conducting CEQA compliance for those ordinances.

Furthermore, a number of topics are most appropriately regulated by local land use
authorities, including issues such as aesthetics, land use and planning, noise, odors,
compliance with building standards, provisions for police and fire protection, and
connections to public water, wastewater, and storm drainage systems. For these topics,
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determination of potential impacts is most appropriately evaluated at a local (and in some
cases, site-specific) level.

Under the MCRSA, applicants to CDFA will already be required to provide evidence of the
local permit or approval. It is further recommended that CDFA also require applicants to
attach a copy of the CEQA compliance document(s) completed by the local government
related to the application and any other evidence that local issues have been adequately
considered and addressed as part of the local approval process.

6.1.2 MCCP “Starter Kit” Handbook

In an effort to assist applicants with participation in CDFA’s licensing program, support
local governments in the regulation of cannabis cultivation, and in order to best regulate
potential impacts to environmental resources successfully, it is recommended CDFA
prepare a “starter kit” handbook (handbook) directed at applicants, whereby CDFA can
provide step-by-step guidance to successfully apply for a license from the CDFA, and meet
all the performance standards outlined by the licensing program. This would include a
checklist of application submittal requirements. This handbook would cover a variety of
topics including but not limited to a summary of the State’s current regulatory framework
for cannabis cultivation; CDFA’s MCCP statewide standard application and license
compliance requirements; other state-agency jurisdictions, associated permitting programs,
and compliance requirements; direction for compliance with site-specific local ordinances
and local jurisdictional permitting programs; and other resource-specific recommended
BMPs. The Compliance Handbook that has been prepared for Humboldt County serves as an
excellent example, and starting point, for such a “Starter Kit. (EPIC et al. 2016)”

6.2 Resource-Specific Management Measures

As discussed in Sections 6.1.1 and 6.1.2, a number of resource topics are most appropriately
regulated by existing laws, State regulatory programs, and local land use authorities. For
other resource topics, literature reviewed did not reveal any substantial evidence for
potential programmatic effects resulting from cannabis cultivation, and therefore, no
resource-specific management measures have been recommended. For all other resource
topics, resource-specific management measures are provided below.

6.2.1 Aesthetics

In general, local government approvals would be expected to address aesthetics issues
related to cannabis cultivation. Two management measures are recommended to eliminate
the potential for impacts related to light trespass.

Measure AES-1: Implement measures to shield outdoor security light and reduce
glare.
Security lighting shall be shielded and downward facing to minimize nighttime glare.
Medical Cannabis Cultivation Program
Literature Review

6-2

February 2017
Project No. 16.015

California Department of Food and Agriculture

6. Recommendations

Measure AES-2: Implement measures to shield artificial grow light and reduce glare.
Artificial lighting used in mixed-light operations shall be shielded from sunset to sunrise to
avoid nighttime glare or spillover to nearby properties, residences, and roadways.
Techniques used to shield light trespass may include tarps fitted outside of greenhouses, or
other materials or techniques capable of preventing light from being visible outside of the
facility.

6.2.2 Agriculture and Forestry Resources

It is recommended that, as part of their application, applicants shall provide CDFA evidence
of compliance with any applicable CAL FIRE and other State and local jurisdiction
requirements related to forest land conversion and potential effects on agricultural land.

6.2.3 Air Quality

Measures GHG-1 and GHG-2 will address air quality impacts. Measure GHG-1 restricting the
use of generators will ensure that human health hazards from inhalation of diesel or other
exhaust are minimized. Both measures will reduce criteria pollutant emissions from
generators and power plants.

In addition, Measure AQ-1 is proposed to reduce particulate emissions from cultivation
activities.
Measure AQ-1: Implement applicable best management practices for fugitive dust
control.

CDFA shall require cultivation license applicants to comply with local fugitive dust control
regulations and implement fugitive dust control BMPs. Examples of BMPs that licensees will
implement may include but are not limited to watering of unpaved on-site roads prior to
truck use, paving of on-site unpaved or gravel roads, limiting speeds on unpaved roads to
15 miles per hour or less, covering of soil or compost stockpiles with a tarp or other suitable
cover, and minimizing disturbances of previously undisturbed areas.

6.2.4 Biological Resources

It is recommended that, as part of their application, applicants shall provide CDFA with
documentation of whether biological resources could be adversely affected by the
cultivation operation, copies of other regulatory approvals related to biological resources,
and a description of the measures that the cultivator will implement to address impacts.
Measures AES-1 and AES-2 will also reduce potential impacts on wildlife from light
trespass.
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6.2.5 Cultural Resources
Measure CUL-1 is recommended to ensure compliance with applicable regulations in the
event of the discovery of human remains during cultivation activities.
Measure CUL-1: Immediately halt activities if human remains are discovered, and
implement applicable provisions of the California Health and Safety Code.

If human remains are discovered during cultivation activities, the requirements of
California Health and Human Safety Code Section 7050.5 shall be followed. Potentially
damaging excavation activities shall halt in the area of the remains, with a minimum radius
of 100 feet, and the county coroner shall be notified. The coroner is required to examine all
discoveries of human remains within 48 hours of receiving notice of a discovery on private
or state lands (Health and Safety Code Section 7050.5[b]). If the coroner determines that the
remains are those of a Native American, he or she must contact Native American Heritage
Commission (NAHC) by phone within 24 hours of making that determination (Health and
Safety Code Section 7050[c]). Pursuant to the provisions of Public Resources Code Section
5097.98, the NAHC will identify a Most Likely Descendent (MLD). The MLD designated by
the NAHC will have at least 48 hours to inspect the site and propose treatment and
disposition of the remains and any associated grave goods. The licensee will work with the
MLD to ensure that the remains are removed to a protected location and treated with
dignity.

6.2.6 Energy Use and Greenhouse Gas Emissions

Measures GHG-1 and GHG-2 are recommended to reduce the energy footprint and GHG
emissions associated with cannabis cultivation, and assist in achieving the SB 32 goal of
reducing statewide GHG emissions to 40% below 1990 levels by December 31, 2030. The
42% target in Measure GHG-2 was developed by comparing statewide GHG emissions from
2014 (the most recent year for which CARB has conducted an inventory) to 60% of 1990
GHG emissions. 2014 emissions were estimated at 441.5 million metric tons of carbon
dioxide equivalent (MMTCO2e), and 1990 emissions were estimated at 431 MMTCO2e
(CARB 2015, CARB 2016b). Therefore, in order to achieve a 40% reduction below 1990
emissions (to 258.6 MMTCO2e) from 2014 emissions, a reduction in emissions of
approximately 42% would be necessary statewide. A 42% target was therefore selected for
Measure GHG-2 so that the MCCP’s emissions reductions would be proportionate to what
would be required of the state as a whole.
Measure GHG-1: Prohibit use of generators.

The use of generators for cultivation is prohibited, except for temporary use as a backup in
the event of a power outage or emergency.
Measure GHG-2: Reduce and/or offset GHG emissions.

Electrical power for indoor cultivation and mixed-light operations including but not limited
to illumination, heating, cooling, and ventilation, shall be provided by any combination of
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the following: (i) on-grid power with 42 percent renewable source; (ii) on-site zero net
energy renewable source providing 42 percent of power; (iii) purchase of carbon offsets of
any portion of power above 58 percent not from renewable sources; or (iv) demonstration
that the equipment to be used would be 42% more energy efficient than standard
equipment, using 2014 as the baseline year for such standard equipment.

6.2.7 Geology and Soils

Measure HWQ-1 will require that applicants provide evidence of permit coverage, to the
extent a permit is required, from the SWRCB or RWQCB. Such a permit would include
measures to minimize soil erosion. No other statewide measures have been recommended.

6.2.8 Hazards, Hazardous Materials, and Human Health

Measure HAZ-1 is recommended to ensure that local fire departments and other first
responders are made aware of (1) the locations of indoor cultivation operations, and (2) the
unique risks to first responders responding to fires at such sites. This will minimize hazards
to such responders.

Measures HAZ-2 and HAZ-3 are recommended to ensure that cultivators do not use
pesticides which are not legal for use on cannabis, and that they use them in a manner
which protects human health and the environment. Further description of how these
measures have been developed is provided in the Human Health and Ecological Screening
Risk Evaluation (Blankinship & Associates 2017).
Measure HAZ-4 is recommended to minimize the risk that cultivation would occur on a
contaminated site which could expose workers or the public to risks of exposure to
hazardous materials contamination.
Measure HAZ-1: Distribute pamphlet regarding risks to first responders associated
with indoor cannabis cultivation.

CDFA shall develop a pamphlet regarding the hazards to firefighters associated with indoor
cannabis cultivation, particularly those hazards that may be present in residences that are
used for cannabis cultivation. This pamphlet shall highlight risks such as electrical hazards;
fire behavior; falling, tripping, and entanglement hazards; explosion hazards; mold; and
oxygen deficiency, as well as describe any recommended firefighting techniques
appropriate for fires at cannabis cultivation sites.

The pamphlet shall be incorporated as part of the application packet that applicants use to
apply for a license under the MCCP. As part of the application process, CDFA shall require
that applicants provide a copy of the pamphlet to their local fire department.
Measure HAZ-2: Develop list of allowable pesticides.

A proposed list of allowable pesticides for use at licensed cannabis cultivation sites is
included in Appendix D, List of Allowable Pesticides.
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Measure HAZ-3: Implement pesticide best management practices.
CDFA shall require that all licensed cultivators comply with the BMPs related to pesticide
use and storage of the pesticides found in Appendix D, as follows:
•

Always read and follow pesticide label directions.

•

Contain any leaks and immediately clean up any spills.

•

•

•

•

•

•
•
•

Store chemicals in a secure building or shed to prevent access by wildlife.
Apply the minimum amount of material to control the pest.
Prevent off-site drift.

Do not spray pesticides when pollinators are present.

Do not allow spray to drift to flowering plants attractive to pollinators.

Do not spray directly to surface water or allow pesticide product to drift to surface
water. Spray only when wind is blowing away from surface water bodies.

Do not apply pesticides in circumstances where they may reach surface water or
groundwater. Examples include but are not limited to shallow groundwater overlain
with pervious soils, and proximity to streams, rivers, creeks, lakes or ponds where
runoff and/or drift may reach these waterbodies.

If no label is available, or if use or personal protection data on the label is vague,
confusing or missing, consult the Department of Pesticide Regulation Pesticide
Information Series found at http://www.cdpr.ca.gov/docs/whs/psisenglish.htm.

Measure HAZ-4: Conduct a hazardous materials records search.

CDFA shall require applicants provide proof that they performed a search of the EnviroStor
database to identify any area that may be on the cultivator’s site containing known
hazardous materials. If hazardous sites are encountered. The cultivator shall provide
information documenting that proper protocols will be followed to protect worker health
and safety. At a minimum, these protocols will ensure workers are not subjected to
unacceptable health risk or hazards, as determined by existing regulations and standards
that have been developed to protect human health.

6.2.9 Hydrology and Water Quality

Measures HAZ-2 and HAZ-3 would minimize potential for water quality impacts related to
use of pesticides. Measure HWQ-1 would ensure that other cultivation activities do not
result in adverse impacts on hydrology and water quality.
Measure HWQ-1: Provide evidence of permit coverage.

As part of their application, applicants shall provide CDFA evidence of coverage under
applicable SWRCB or RWQCB permit(s) for their cultivation operation, or written
confirmation from the RWQCB that no permit is necessary.
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6.2.10 Land Use and Planning
It is recommended that issuance of licenses by CDFA be contingent upon proof that the
applicant has obtained local approval, and therefore meets the zoning and land use
compatibility requirements set forth by the individual local jurisdiction. It is also
recommended that CDFA defer to local jurisdictions in making a determination whether
cannabis cultivation is consistent with the jurisdiction’s plans and policies.

6.2.11 Mineral Resources

It is recommended that issuance of licenses by CDFA be contingent upon proof that the
applicant has obtained local approval, and therefore meets the zoning and land use
compatibility requirements set forth by the individual local jurisdiction. This would ensure
that substantial impacts on mineral resources would not occur.

6.2.12 Noise

It is recommended that it would be neither feasible nor appropriate for CDFA to mandate
specific noise levels that would be considered acceptable for cultivation activities
throughout the state. Specific operational practices would vary from site to site, and local
communities have the flexibility to adopt their own standards related to noise. As such,
mitigation would most appropriately be adopted and implemented by the local jurisdiction
and approval authority over the cannabis cultivator.

6.2.13 Population and Housing

The MCCP is not anticipated to result in substantial population growth or division of
established communities; therefore, no statewide measures have been recommended.

6.2.14 Public Services

It is recommended that CDFA require applicants to provide documentation that the local
jurisdiction has verified that the applicant’s electrical system(s) complies with applicable
provisions of the jurisdiction’s building code and is capable of handling anticipated
electrical loads of cultivation. This will minimize the risk of electrical fires at cultivation
sties. In addition, Measure PSU-1 is recommended in the event that an existing licensee
makes modifications to their electrical system.
Measure PSU-1: Demonstrate that electrical system upgrades are capable of handling
loads associated with cultivation, and use licensed electricians for system upgrades.

If an existing licensee modifies or upgrades the electrical system(s) in the structure(s) to be
used in cultivation, CDFA shall require that a licensed electrician perform these
modifications. Licensees shall provide to CDFA documentation indicating what (if any)
system modifications were performed, as well as the name and certification credentials of
the individual or company that performed the modifications.
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6.2.15 Recreation
The MCCP is not anticipated to result in degradation of recreational facilities; therefore, no
statewide measures have been recommended.

6.2.16 Transportation and Traffic

While there could be traffic impacts in particular locations, this is not anticipated to be a
substantial issue considering the state as a whole. In addition, local jurisdictions, as part of
their approval and permitting processes, would consider and address these site-specific
issues. For these reasons, no statewide measures have been recommended.

6.2.17 Tribal Cultural Resources

Site development activities that could result in direct impacts such as construction of new
or upgraded facilities is outside the scope of the MCCP. Indirect impacts on some TCRs in
proximity to the premises could occur. It is recommended that applicants be required to
provide a copy of CEQA compliance documents associated with local agency approval
and/or other responsible agencies that include site-specific mitigation measures, if
necessary.

6.2.18 Utilities and Service Systems

It is recommended that CDFA require applicants to provide documentation that they either
(1) have approval to be connected to the municipal water, wastewater, and stormwater
systems, or (2) for areas without such municipal systems, will be in compliance with local
well ordinances, septic system requirements, or the requirements for water and
wastewater described above in Section 6.2.9. This will reduce the potential for adverse
effects related to utilities and service systems.
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