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 Abstract
Impending regulation of California’s marijuana industry demands a 
quantifiable understanding of the extent of cultivation and adequacy 
of water storage on private lands long devoted to a dispersed, but 
commercial-scale, unregulated marijuana industry. Water storage is a 
critical factor, given both California’s droughts and its climate: indoor 
plants are grown under lights year-round, and outdoor plants are grown 
during the dry months. This research aimed to quantify marijuana 
cultivation and water storage in the Redwood Creek watershed of 
southern Humboldt County, where major land use changes have taken 
place since the late 1960s. Using Google Earth imagery and geospatial 
analysis, an inspection of 369 assessor’s parcels located within or partly 
within the watershed yielded 303 greenhouses, 100 outdoor cultivation 
scenes, 164 water tanks, and 51 installed ponds. Estimating the number 
of water-storage tanks was much more challenging than estimating the 
number of cultivation sites; it is virtually certain that numerous tanks 
are under the forest canopy and not visible. The only way to verify 
their number and holding capacity would be through either ground 
truthing or GIS analysis using point-cloud data. The latter is costly to 
collect and process; therefore, given that many landowners who have 
engaged in unregulated marijuana cultivation are loath to grant access 
to outside parties, at this juncture it may be difficult for academic 
researchers, state and county regulators, environmental inspectors, 
and other interested parties to measure some of the industry’s existing 
environmental impacts.
Key terms: marijuana, marijuana legalization, Humboldt County, Red-
wood Creek, War on Drugs

Introduction
Since the late 1960s, the “Emerald Triangle”—the area comprised of Hum-
boldt, Mendocino, and Trinity counties, on the North Coast of California—
has been one of the nation’s hotbeds of unregulated marijuana cultivation. 
Begun by the counterculture and its “back-to-the-land” movement,1 over 
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the last five decades what began as a secretive, black-market phenomenon 
has flowered into a billion-dollar industry. In 2007 the U.S. Department of 
Justice estimated that California produced between sixty and seventy percent 
of all the marijuana consumed in the United States (Carah et al. 2015, 1). In 
2014 California accounted for an estimated $1.3 billion in legal marijuana 
sales, or forty-nine percent of all legal sales in the country (ArcView Market 
Research 2015). That same year, the Drug Enforcement Administration’s 
Domestic Cannabis Eradication Suppression Program eradicated 2.68 mil-
lion plants in California (DEA 2015, 72); untold numbers remained, and 
the value of the illegal market has been virtually impossible to quantify. 
Marijuana is reputedly one of the state’s top cash crops, but it is not listed 
in annual statistical reports released by the California Department of Food 
and Agriculture and the U.S. Department of Agriculture.

Marijuana’s complex legal status and lack of regulatory oversight have 
ensured that until recently, its environmental impacts—like its financial 
impacts—have remained largely unquantified. However, as more states have 
legalized or decriminalized the consumption and/or sale of marijuana, aca-
demic researchers and journalists have taken an interest in assessing the en-
vironmental degradation attributable to unregulated marijuana cultivation. 
Trespass grows (or “guerrilla grows”) on public lands have become a night-
mare for park rangers, law-enforcement officials, environmental managers, 
and members of the public who inadvertently stumble onto marijuana-culti-
vation sites. In 2013, trespass grows accounted for seventy-two percent of all 
outdoor plants seized in California (Harkinson, Brownell, and Lurie 2014). 
On private lands, marijuana has been cultivated on a commercial scale for 
decades without the oversight mandated for other agricultural products. 
On both public and private lands, environmental problems attributable to 
unregulated marijuana cultivation include—but are not limited to—dangers 
to wildlife exposed to numerous agricultural toxins (Gabriel et al. 2012, 12; 
Harkinson 2014; Peeples 2013); sediment delivery to streams from road 
construction, home construction, and grading for outdoor gardens (Short 
2011, 110); and destruction of salmonid and other wildlife habitat due to 
stream diversions (Barringer 2013).

While many opportunists cultivate marijuana illicitly on public lands, this 
research does not address these abuses. Rather, with an eye toward the de-
velopment of a fully regulated and environmentally sustainable marijuana 
economy, it focuses on private lands.

Impending regulation of California’s marijuana industry demands a quanti-
fiable understanding of the existing scope of marijuana cultivation, and the 
adequacy of water storage, on private lands that have long been devoted to 
commercial marijuana cultivation. Water storage is a critical factor, given 
both California’s droughts and its climate: indoor plants are grown under 
lights year-round, and outdoor plants are grown during the dry months. Un-
der a sustainable-agriculture model, regulated marijuana cultivation would 
not have adverse effects on local ecosystems, including river and riparian 
habitats.2 One question to ask when measuring water-storage adequacy 
might be, “Can enough water be stored during the winter months to sustain 
agricultural and household needs through the dry months?”

This research has two objectives. The first is to review the historical context 
for the marijuana industry in California, with a focus on the Emerald Trian-
gle. The second is to provide a case study of the Redwood Creek watershed, 
where critical changes have taken place in the last five decades, by attempting 
to quantify the extent of existing marijuana cultivation and water storage.3

The Redwood Creek watershed is one of the first areas where the back-to-
the-land movement became entrenched, and is exemplary of numerous 
areas of the North Coast where ranching and timber extraction have largely 
given way to unregulated, commercial-scale marijuana cultivation. Redwood 
Creek is a tributary of the Eel River, which runs approximately 320 km (200 
mi) southeast-to-northwest from Bald Mountain in the Mendocino National 
Forest to the Pacific Ocean west of Fortuna in Humboldt County. As seen in 
Figure 1, the 42 km2 (26 mi2) watershed is situated west of Redway, in south-
ern Humboldt County, with the unincorporated community of Briceland 
near its center. Quantification of existing marijuana cultivation and water 
storage in this area may be useful in at least two ways: (1) by contributing 
to guidelines for the local regulatory framework under which a legalized 
industry will operate, and (2) by helping to create a blueprint for other re-
searchers and/or regulators to use when analyzing the “carrying capacity” 
of marijuana in similar areas.

Increasing numbers of national media outlets are producing stories about 
marijuana and the environment, and more peer-reviewed studies are being 
published that detail different facets of marijuana-related environmental deg-
radation. However, only one peer-reviewed study completed to date (Bauer 
et al. 2015) quantifies the extent of marijuana cultivation within a specific 
geographical area of California. The study used Google Earth imagery to 
extrapolate the number of plants grown in four watersheds in Humboldt 



and Mendocino counties, and subsequently conducted hydrologic analyses 
based on water-demand estimates and streamflow reports. A key finding of 
the study was that in three of four watersheds examined, including Redwood 
Creek, “water demand for marijuana cultivation exceeds streamflow during 
the low-flow period” (Bauer et al. 2015, 1). These findings are particularly 
significant for salmon: in some parts of the North Coast, migration to 
fresh waters in order to spawn begins before the rains arrive, and adequate 
stream depth and temperature are critical for survival (“Coho Salmon Life 
History,” CDFW).

This study used the same framework as the Bauer et al. (2015) paper, which 
identified marijuana-cultivation sites in the Upper Redwood Creek, Salmon 

Creek, and Redwood Creek South watersheds in Humboldt County and 
Outlet Creek watershed in Mendocino County. (The “Redwood Creek” of 
this paper is the “Redwood Creek South” in Bauer et al. 2015). However, 
there are three key differences between the two studies. First, Bauer et al. 
(2015) did not identify visible water-storage sites. In terms of establishing 
and improving regulatory frameworks, an estimate of the percentage of 
landowners who have already invested in water storage is important to 
adequately prepare and budget for regulatory frameworks where none have 
existed before. Second, this study does not conduct hydrologic analyses based 
on surface-water diversions. Third, this study uses county zoning classifica-
tions to estimate extent of cultivation and water-storage sites in each (e.g., 
“Agriculture Exclusive,” “Timberland Production,” etc.). A recently approved 
Humboldt County ordinance prohibits the establishment of new outdoor 
marijuana gardens in Timberland Production (TPZ) zones, which account 
for 25.7 percent of the total acreage in the Redwood Creek watershed. In 
short, the Bauer et al. (2015) study sought to quantify the number of plants 
cultivated, estimate the amount of water needed for cultivation, and calculate 
the impact of surface-water diversions during low-flow periods. This study 
sought to identify cultivation sites (greenhouses and outdoor gardens) and 
quantify number of plants; identify water-storage sites (tanks and ponds) 
and quantify capacity; and identify distribution of all sites according to 
county zoning classifications.

Historical Background
In the century and a half since European-Americans began permanently 
settling the North Coast, its landscape has been fundamentally changed. 
Historic drivers of change have included, but are not limited to, land pri-
vatization (i.e., commercial ranching and farming), commercial fishing, 
and commercial timber extraction. The latter has arguably been the most 
environmentally destructive, with only four percent of the old-growth red-
wood forest that once dominated the Pacific Coast from central California to 
southern Oregon remaining (National Park Service 2015).4 The devastation 
wrought on the land altered the region’s rivers as well. Sedimentation from 
grading, road development, and erosion has left many waterways unsuitable 
for salmon, one of the North Coast’s keystone species (McKee 2004, 13; 
Short 2011, 113).

In the wake of the post-World War II construction boom that saw the felling 
of numerous stands of virgin redwood and Douglas-fir (Easthouse 2002), 
a new threat emerged: unregulated marijuana cultivation. Environmental 
degradation associated with the local marijuana industry includes—but is 
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Figure 1. Location of the Redwood Creek watershed, in southern Humboldt County 
(detailed, upper right inset; within California, lower left inset). Sources: USGS 
Earth Explorer, County of Humboldt, California Department of Forestry and Fire 
Protection (CAL FIRE).
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not limited to—stream sedimentation attributable to home construction and 
road development in new rural residential subdivisions (Carah et al. 2015, 
3–4; Short 2011, 110); destruction of salmon, trout, and amphibian habitat 
because of increased stream sedimentation and water diversions (Bauer 
et al. 2015, 18; McKee 2004, 13; Short 2011, 113); poisoning of wildlife 
due to widespread use of agricultural toxins including fertilizers, rodenti-
cides, pesticides, herbicides, and fungicides (Campaign Against Marijuana 
Planting 1985, 37; Gabriel et al. 2012, 12; Harkinson 2014; Peeples 2013); 
and noise pollution from generators used for indoor marijuana cultivation 
(Harkinson 2014).

The North Coast’s marijuana industry originated in the late 1960s with 
counterculture members eager to participate in the back-to-the-land move-
ment (Bauer et al. 2015, 1; Scott-Goforth 2013; Short 2011, 110). Because 
many ranchlands and timberlands had been so degraded that they were no 
longer commercially viable, they were subdivided into smaller parcels that 
were sold at very low prices. In many parts of the future Emerald Triangle, 
such parcels were purchased by “back-to-the-landers” for whom marijuana 
cultivation became a chief source of income (Torgoff 2004, 281). As a group, 
they thought of themselves as responsible stewards of the land (Scott-Go-
forth 2013, Salmonid Restoration Federation 2013). Some went on to found 
organizations that actively fought—in some cases, successfully—for stronger 
regulatory oversight of timber companies and other industrial interests 
(Ostrow n.d., Associated Press 2008).

By the early 1980s, however, the 1960s ideals of the first generation of back-
to-the-landers had begun to give way to “greed grows” that exacted a heavy 
toll on an already devastated landscape. In 1983, the Campaign Against 
Marijuana Planting (CAMP) was established, a multi-agency task force 
whose stated objectives included, but were not limited to, the reduction of 
marijuana availability in California through plant eradication; arrest and 
prosecution of marijuana cultivators and traffickers; seizure of assets derived 
from marijuana cultivation; reduction of marijuana-related environmental 
impact on public lands; and reduction of “associated criminal activity” in 
areas where cultivation occurred (CAMP 1983, 11). Comprised of eight fed-
eral and six state agencies, CAMP carried out its operations with the aid of 
local law-enforcement agencies, including sheriff ’s and police departments.

In its early years CAMP’s chief targets were private landowners, and its 
helicopters became a feared and despised sight in North Coast communi-
ties where marijuana cultivation had become entrenched (Elinson 2011).5 

However, raids on outdoor marijuana cultivation sites quickly led to an 
unanticipated development: many marijuana growers moved their oper-
ations indoors, to both greenhouses and permanent structures. Ironically, 
this enabled them to cultivate much more, and more potent, marijuana: as 
many as six crops can be grown indoors in a single year, and by controlling 
light, humidity, and temperature, an indoor cultivator can clone plants with 
higher levels of delta-9-tetrahydrocannabinol (THC), the physiologically 
active component in cannabis (Martyny et al. 2013, 622).

Many other marijuana growers continued to cultivate the plant outdoors, 
however. In addition, so-called “trespass growing” on public and tribal 
lands had already manifested by the early 1980s (CAMP 1983, 11). Tres-
pass growers range from individuals who cultivate a few plants under tree 
cover, to multinational drug-trafficking organizations (DTOs) that establish 
veritable plantations on remote public and tribal lands. Trespass growing 
spiked sharply in the late 1990s, after California became the first state to 
legalize the use of medical marijuana through passage of Proposition 215, 
the Compassionate Use Act (Bauer et al. 2015, 1–2; Carah et al. 2015, 4). 
Seeking to cash in on an economic boom driven by legal marijuana sales, 
a new wave of migrants began pouring into the area, and unemployed 
local timber workers began cultivating marijuana as well (Barringer 2013; 
Harkinson 2014).

Industrial-scale marijuana farms—some with tens of thousands of plants—
now dominate many parts of the Emerald Triangle, on public, tribal, and 
private lands (Barringer 2013). Paradoxically, the very land subdivisions that 
facilitated the back-to-the-land movement now facilitate another wave of 
environmental destruction. As Boston University professor Anne G. Short 
explains, “The slow but ongoing land use transition from timber and ranch 
lands to more rural residential and amenity-oriented development over the 
past four decades can be linked to an increased risk of sediment delivery to 
local streams and the continued degradation of habitat for salmonids” (2013, 
122). Sedimentation is just the tip of the iceberg: local creeks are often sucked 
dry for marijuana cultivation, and the widespread use of agricultural toxins 
has adversely affected numerous species including the Pacific fisher (Martes 
pennanti pacifica), a member of the weasel family that inhabits forests from 
northern California to Washington (Gabriel et al. 2012, 1).

The complex legal status of marijuana poses unique challenges for researchers 
trying to quantify its environmental impacts, and for policymakers seeking 
to develop long-term solutions to industry-related problems (Carah et al. 
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2015, 4–5). On-the-ground scientific research has been largely confined to 
public lands, and marijuana’s federal classification as a Schedule I drug has 
often resulted in conflicts between federal and local laws. In a nationally 
publicized case, Mendocino County instituted a county code wherein medi-
cal-marijuana cultivators were allowed to grow up to ninety-nine plants, pay 
county fees, and be issued numbered zip ties by the sheriff ’s office. Drafted 
to balance the needs of patients while providing funding to pursue criminal 
activity and mitigate harmful environmental impacts, the measure was hailed 
as groundbreaking (Aanestad 2012). However, the county was temporarily 
forced to suspend the program after the U.S. Department of Justice, under 
the aegis of federal law, issued a subpoena demanding information about 
program participants (Mozingo 2013). The code was revised, limiting the 
number of plants allowed per cultivator to twenty-five, but the county, state, 
and federal governments continue to spar over conflicting laws.

In 2010 California voters narrowly defeated Proposition 19, which sought to 
legalize, regulate, and tax a wider range of marijuana-related activities (Leg-
islative Analyst’s Office 2009). Subsequently, advocacy groups representing 
different facets of the industry worked tirelessly to address the issues believed 
to have led to the failure of Prop 19. On 11 September 2015, they celebrated 
a major victory, when the California Legislature passed a series of bills estab-
lishing the Medical Marijuana Regulation and Safety Act—California’s first 
statewide regulatory system for medical-marijuana businesses (Marijuana 
Policy Project 2015). On 9 October 2015, Governor Jerry Brown signed the 
bills into law. On 8 November 2016, California voters chose to legalize the 
recreational use of marijuana (McGreevy 2016). Meanwhile, a slew of other 
states have also revised their marijuana laws. As of this writing, both medical 
and recreational marijuana use is legal in eight states—Alaska, California, 
Colorado, Maine, Massachusetts, Nevada, Oregon, and Washington—and 
medical marijuana use is legal in twenty states and the District of Columbia 
(Marijuana Policy Project 2017).

Unregulated Marijuana Cultivation  
and the Environment
In the past several years, numerous articles in mainstream media have ad-
dressed the environmental impacts of unregulated marijuana cultivation, 
and a number of peer-reviewed studies have examined some of these impacts 
in depth. To date, only one peer-reviewed study has attempted to quantify 
the extent of marijuana cultivation within specific watersheds (Bauer et al. 
2015). For Redwood Creek, the results were alarming: according to Bauer et 

al., “estimated water demand for marijuana cultivation is 36–173 percent of 
the annual seven-day low flow” (2015, 13). A review of several other studies 
provides an illuminating look at additional impacts associated with land use 
changes, sedimentation, and agricultural toxins—all germane to commer-
cial agriculture, and by extension industrial-scale marijuana cultivation. 
Following is a summary of findings most relevant to this paper.

Land Use Changes
In a 2011 study focusing on private lands in Humboldt and Mendocino 
counties that have been subdivided as a result of the back-to-the-land 
movement, the researcher found that landowners who are engaged in timber 
and ranching are far more knowledgeable about best management practices 
(BMPs) than residential, vacation, and other landowners, who tend to be 
more-recent transplants to rural areas, and whose private properties are not 
as strictly regulated as commercial properties (Short 2011, 121).

Sedimentation
Sedimentation is one of the key problems associated with rural residential 
development, agricultural terracing, and road construction; not only does it 
degrade habitat for salmonids and amphibians, but it is also associated with 
habitat fragmentation and edge effects that in turn impact species composi-
tion—often favoring nonnative over native species (Short 2011, 109–113). 
A 2004 study by Sanctuary Forest, an environmental organization based in 
southern Humboldt County, found that sedimentation has increased and 
flows have decreased in the Mattole River watershed, an area where timber 
and grazing have largely given way to rural residential subdivisions and 
commercial-scale marijuana cultivation. The study recommends that wa-
ter be stored “for use during the dry season [to] reduce water withdrawals 
during the critical months” (McKee 2004, 16).

Rodenticide Use
Another significant environmental concern associated with marijuana cul-
tivation—indeed, with commercial agriculture and residential gardening as 
well—is the widespread use of second-generation anticoagulant rodenticides 
(ARs), which affect numerous predators in both rural and urban settings. In 
a study examining the use of ARs in agricultural settings in southern British 
Columbia, the authors concluded that “targeted rats provided the greatest 
potential pathway of second-generation rodenticides to wildlife predators” 
(Elliott, Hindmarch, and Albert et al. 2014, 904). Wildlife predators may be 
rural or urban: According to a sixteen-year study in southern California, 
urban bobcats have a high prevalence of notoedric mange as a result of high 



exposure to ARs (Serieys, Armenta, and Moriarty et al. 2015, 844). The 
researchers also found that “single-family high-density residential area[s] 
[were] among the most frequent land use type to have positive associations 
with anticoagulant exposure” in the areas studied—even more so than areas 
zoned for agricultural use (855)—and that “residents who use ARs…reported 
continued use of the compounds although they were aware of the threat that 
the compounds posed to nontarget wildlife” (2015, 860). These findings 
parallel those made by Short, who concluded that commercial landowners 
were far more knowledgeable about BMPs than residential landowners.

While the two studies cited above provide generalized insight into the 
wide-ranging problems associated with ARs, a 2012 study examining the 
effects of ARs on the Pacific fisher specifically addresses trespass growing 
of marijuana. The researchers’ findings were disturbing: Of fifty-eight de-
ceased fishers examined, four were killed by “lethal toxicosis, indicated by 
AR exposure” (Gabriel et al. 2012, 6); forty-six had been exposed to one or 
more compounds commonly found in anticoagulant rodenticides (5); and 
one kit—dead of starvation and dehydration at six weeks, following her 
mother’s death—“tested positive for AR exposure” (7), the first documented 
neonatal or milk transfer of an AR to a kit (1).

Case Study: Methods
Following both a review of existing literature and informal interviews 
with local environmental activists and law-enforcement officers, Redwood 
Creek was selected as a study area typical of North Coast watersheds where 
ranchlands and timberlands have been converted to rural subdivisions in 
which marijuana cultivation is now prevalent. Methodology applied to this 
study consisted of a GIS-based spatial analysis (in ArcGIS version 10.2.2, 
Esri, Redlands, California), following a visual search of the watershed using 
Google Earth imagery and acquisition of digital elevation models (DEMs; 
United States Geological Survey’s EarthExplorer website), Humboldt County 
administrative boundaries and assessor’s parcels (Humboldt GIS Portal), 
and the Calwater 2.2.1 Watershed Boundaries (CAL FIRE GIS data portal). 
All data were imported into ArcGIS, where the Redwood Creek watershed 
and parcels contained within or straddling the watershed were subsequently 
isolated. The resulting shapefiles were also saved as KML (Keyhole Mark-
up Language) files for use in Google Earth. Watershed boundaries, parcel 
boundaries, and a UTM (Universal Transverse Mercator) reference grid 
were then imported into Google Earth for a visual analysis of the watershed.
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For purposes of the study, sites identified were greenhouses, outdoor mar-
ijuana-cultivation gardens (commonly known as “grows”), water tanks, 
and installed ponds. Greenhouses were measured in Google Earth using 
the Ruler tool. Before recording each potential site, the historical-imagery 
tool was used to confirm that sites were indeed greenhouses, outdoor mar-
ijuana-cultivation gardens, water tanks, or installed ponds. Imagery used 
to conduct analysis was dated 28 May 2014, and historical imagery used 
for confirmation purposes was dated 23 August 2012. Sites outside the 
boundaries of the Redwood Creek watershed, but on parcels that straddle 
the watershed, were recorded due to the possibility that they draw water 
from Redwood Creek and its tributaries.

After data were collected, they were saved as KML files and imported into 
ArcGIS. Four point layers were generated from the KML files, one for each 
type of site. Each point layer was intersected with the newly created shapefile 
of Redwood Creek assessor’s parcels, in order to determine the concentration 
of cultivation and water-storage sites per zoning classification (Table 1) and 
land use designation. Simplified maps of zoning classifications (Figure 2), 
marijuana-cultivation sites (Figure 3), and water-storage sites (Figure 4) 
were subsequently created in ArcGIS.

It is important to note the difference between zoning classifications and land 
use designations. According to the Humboldt County website, “Land use 
designations are more general than zoning classifications. Typically, land use 
designations focus on allowed uses whereas zoning classifications provide 
specific standards related to building height and setbacks.” Most important 
for this study, under the county’s Medical Marijuana Land Use Ordinance, 
zoning classifications determine where, how, and how much marijuana can 
be cultivated. Land use designations are very useful, however, to differentiate 
between parcels that have been developed for residential use (e.g., “Rural 
Residential”) and parcels that are used for purely commercial or recreational 
purposes (e.g., “Open Space and Parks”).

Case Study: Results
Isolation of assessor’s parcels within or straddling the Redwood Creek 
watershed yielded 369 parcels, ranging in size from 0.02 ha (0.05 acres) to 
306.34 ha (756.98 acres), with a total area of 8754.67 ha (21633.23 acres; 
Figure 2 and Table 1). No single zoning classification dominates the water-
shed, although it is notable that 155 parcels—accounting for 20.6 percent of 
the watershed—remain “Unclassified” by the county (Figure 2). Forty-three 
parcels classified as “Timberland Production” (TPZ) account for 25.7 percent 
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Figure 2. Parcels contained within or straddling the Redwood Creek watershed, by 
zoning classification. Sources: County of Humboldt, CAL FIRE.

of the watershed, 109 parcels classified as “Forestry and Recreation” (FR) 
account for 18.1 percent, and 25 parcels with dual “Agriculture Exclusive” 
(AE) and TPZ classifications account for 19.3 percent.

Visual search and analysis of the watershed yielded 303 greenhouses, 100 
outdoor cultivation scenes, 164 water tanks, and 51 installed ponds. Rela-
tively few sites were located in the far southern and southeastern portions of 
the watershed, which are dominated by timber and grazing lands (Figures 3 
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Figure 4. Simplified map of water-storage units in the Redwood Creek watershed. 
Water drops represent water tanks, by number; installed ponds are mapped 
individually. Sites outside the boundaries of the watershed are on parcels that 
straddle two watersheds, and were recorded because they may draw water from 
Redwood Creek and/or its tributaries. Sources: USGS Earth Explorer, County of 
Humboldt, CAL FIRE.

Figure 3. Simplified map of marijuana cultivation sites in the Redwood Creek 
watershed. Green circles represent clusters of greenhouses, by number; outdoor 
growing sites are mapped individually. Sites outside the boundaries of the watershed 
are on parcels that straddle two watersheds, and were recorded because they may 
draw water from Redwood Creek and/or its tributaries. Sources: USGS Earth 
Explorer, County of Humboldt, CAL FIRE.

and 4; Table 1). Outdoor cultivation scenes contained as few as 12 plants—
so-called “mom-and-pop grows”—and as many as 170 plants. 

Parcels zoned as “FR” account for only 18.1 percent of the land within or 
straddling the Redwood Creek watershed, but contain an estimated 28.1 
percent of the greenhouses, 37 percent of the outdoor growing sites, 36 
percent of the water tanks, and 49 percent of the installed ponds in the study 
area (Table 1). Similarly, parcels that remain “Unclassified” account for 20.6 
percent of the acreage within or straddling the watershed, but contain an 
estimated 44.6 percent of the greenhouses, 26 percent of the outdoor growing 

sites, and 44.5 percent of the water tanks. However, they account for only 
9.8 percent of the installed ponds.

The study area contains 369 parcels, but greenhouses were identified on only 
122 parcels. Outdoor cultivation sites were identified on 73 parcels, water 
tanks on 77, and installed ponds on 38.

Assessor’s parcels with land use designations of “Rural Residential” or “Rural 
Residential, Vacant” account for 47.8 percent of the parcel acreage within 
or straddling the Redwood Creek watershed, but contain an estimated 86.1 



percent of the greenhouses, 84 percent of the outdoor growing sites, 91.5 
percent of the water tanks, and 82.7 percent of the installed ponds in the 
study area.

Discussion
Research and Analysis Challenges
Because of challenges encountered during the visual search using Google 
Earth, these results likely represent a low estimate of the total number of 
water-storage and cultivation facilities in the Redwood Creek watershed. The 
greatest challenge was identifying water-storage facilities. A number of the 
tanks found are partly visible under the forest canopy, and it is reasonably 
certain that some tanks are extant but cannot be located using satellite im-
agery. Additionally, tanks vary in size and water-storage capacity is difficult 
to estimate; two tanks with the same diameter may differ greatly in height. 
Pond depth, likewise, cannot be determined in a two-dimensional analysis. 
The possibility of using LiDAR (point-cloud) data to resolve these issues was 
researched. However, the only LiDAR data collected in the Redwood Creek 
area date from 2007, and cover less than half the watershed.

Although it seems likely that the vast majority of greenhouses are used for 
marijuana cultivation, some are invariably used for other purposes. Con-
versely, it is also likely that many permanent structures—including former 
residential buildings—are used for marijuana cultivation. In 2014, data 
provided to Humboldt County by the Pacific Gas and Electric Company 
revealed that more than 3,000 households in unincorporated areas “had 
energy use exceeding 600 percent of average for at least one month in each 
of the last three years” (Mintz 2014), a very strong indicator of indoor mari-
juana cultivation. In addition, numerous property owners in unincorporated 
areas live “off the grid” (without relying on public utilities) and can maintain 
lights for indoor cultivation with propane generators.

Increase in Number of Sites Over Time
When comparing the Google Earth imagery dated 28 May 2014 and 23 
August 2012, I noted that there were numerous locations where, over twen-
ty-one months’ time, either (1) new cultivation sites had been established,  
(2) established cultivation sites had been expanded, and/or (3) water tanks 
had been installed where none had been extant before. These informal ob-
servations are consistent with the results of the study conducted by Bauer et 
al. (2015)—which used the 2012 imagery for analysis—and this study, which 
used the more recent imagery posted in 2014. According to the Bauer et al. 
(2015) study, in 2012 the estimated greenhouse capacity of the Redwood 
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Creek watershed was 16,777 plants (2015, 12). Using the same calculations as 
those used by Bauer, et al. (1.11484 m2 per plant), according to this study in 
2014 the greenhouse capacity in the Redwood Creek watershed was 20,570 
plants. If both studies are reasonably accurate, this represents an eighteen 
percent increase in greenhouse capacity in less than two years’ time. These 
informal results are consistent with patterns of rapid land-use conversion 
seen in other parts of the Emerald Triangle since passage of the Compas-
sionate Use Act. For example, in Hayfork, in neighboring Trinity County, 
between 2004 and 2009 the price of southwest-facing lots increased from 
approximately $3,500 to as much as $50,000, due to an influx of non-residents 
buying land for the sole purpose of cultivating marijuana (Semuels 2009).

TPZ Zoning Classification and Cultivation “Freeze”
On 22 January 2016, the Humboldt County Board of Supervisors unan-
imously adopted the Medical Marijuana Land Use Ordinance—which 
dictates, among a host of other things, what type of zoned property 
medical marijuana may be cultivated on and how much can be cultivated 
(Scott-Goforth 2016). The ordinance also prohibits the establishment of 
any new outdoor marijuana gardens on TPZ lands, a move that will merit 
future discussion as more counties move toward establishing frameworks 
for a regulated industry. As seen in Table 1, this study found that, in the 
Redwood Creek watershed, parcels zoned as TPZ represent 11.7 percent of 
all parcels (43), but accounted for only 8.6 percent of all greenhouses (26) 
and 10 percent of all outdoor gardens (10). It is notable, however, that TPZ 
parcels account for 25.7 percent of all the acreage in the watershed. Therefore, 
under current county regulations, nearly one-quarter of the watershed will 
be legally barred from new marijuana-cultivation operations. 

Prevalence of Cultivation on Rural Residential Parcels
As summarized in the section titled “Unregulated Marijuana Cultivation and 
the Environment,” the academic literature reviewed prior to undertaking 
this study revealed that (1) commercial property owners (e.g., foresters and 
ranchers) were far more knowledgeable about best management practices 
(BMPs) than rural residential landowners; (2) sedimentation is one of the 
key problems associated with rural residential development; and (3) ur-
ban residents use second-generation anticoagulant rodenticides in higher 
concentrations than agricultural users, and continue using them even after 
learning of their deleterious effects on non-target wildlife. It is therefore 
notable that, in the Redwood Creek watershed, parcels designated by the 
Humboldt County Assessor as “Rural Residential” or “Rural Residential, Va-
cant” account for just 47.8 percent of the parcel acreage within or straddling 
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the watershed, but contain an estimated 86.1 percent of the greenhouses, 
84 percent of outdoor growing sites, 91.5 percent of water tanks, and 82.7 
percent of installed ponds. Much, if not most, of the development that has 
taken place on rural residential parcels has been unreported and under-
taken without required permits—e.g., from county planning departments, 
the California Department of Food and Agriculture, and the North Coast 
Regional Water Quality Control Board. In short, the strict regulations 
governing commercial timber and grazing lands are currently absent from 
rural residential parcels that, in many cases, contain de facto commercial 
agricultural operations. Given Short’s findings that “rural residential land-
owners have less knowledge of sediment control and report using fewer 
sediment-control techniques than landowners using their land for timber 
production or ranching” (2011, 108), education about BMPs will be key 
should these landowners continue to cultivate marijuana under the aegis of 
county regulations. This is vital, given that—in large part because of the lack 
of regulation to date—marijuana cultivation, unlike legally established forms 
of agriculture, is often irrigated by water diverted “directly from headwater 
streams and springs” (Carah et al 2015, 2).

Potential for Future Research
Future studies of both the short- and long-term changes that have taken place 
in the Redwood Creek watershed may contribute to a deeper understanding 
of land use changes in other rural areas of the North Coast. An extension 
of this study may involve comparing the locations of identified sites on the 
28 May 2014 Google Earth imagery (the imagery used for analysis) and the 
23 August 2012 imagery (used for site verification), and calculating changes 
over that time period in the number of greenhouses, outdoor marijuana-cul-
tivation sites, water tanks, and installed ponds. Such an endeavor may shed 
light on current trends in other parts of the Emerald Triangle.

A much more detailed study might be undertaken by researchers studying 
both the extent of marijuana cultivation and the extent of road and other 
development over a much longer period of time—e.g., over the five decades 
since the back-to-the-land movement took root on the North Coast. If 
high-resolution, aerial photographs of the Redwood Creek watershed are 
extant from the late 1960s, a researcher may (1) use them to estimate the 
extent of marijuana cultivation in the early years of the local industry; (2) 
use both the historical imagery and present-day imagery to digitize roads, 
driveways, and areas terraced for residential or agricultural development; 
and (3) obtain historical information from the Assessor about parcel subdi-
vision, and create shapefiles and digital datasets tracking the progression of 

subdivision and road development. The resulting data could then be com-
pared with historical streamflow data to better understand the cumulative 
impacts of development on the watershed.

Conclusion
A completely accurate assessment of the extent of marijuana cultivation and 
water-storage capacity in the Redwood Creek watershed is not possible at 
this time, absent researchers’ capacity to perform ground truthing. However, 
with both medical and recreational marijuana use now legal in California, 
it is imperative to quantify the current extent of the industry and its envi-
ronmental impacts in order to develop public policies that prevent more 
damaging impacts from occurring and allow for remediation of existing 
environmental degradation. According to at least two peer-reviewed studies, 
residential landowners are not as knowledgeable of BMPs as commercial 
landowners; given that fact, it is also imperative that rural-residential 
landowners—who comprise the vast majority of marijuana cultivators in 
the Redwood Creek watershed, and likely in other rural subdivisions in the 
Emerald Triangle—be educated about BMPs as the formerly underground 
marijuana economy transitions into a completely legal, state-regulated 
industry. Following this study, further research in the Redwood Creek wa-
tershed may take the form of both short- and long-term temporal studies, 
to better understand the environmental impacts of rural subdivision and 
commercial marijuana cultivation on the North Coast. The increased focus 
on academic research in this area—coupled with current technologies and 
increased dissemination of information on the subject—should facilitate the 
work of researchers delving into a long-neglected area of study.

Notes
1 The back-to-the-land movement was largely driven by liberal, college-ed-
ucated youth seeking an alternative to what they viewed as a cynical and 
crassly materialistic society. As Emily Brady, author of Humboldt: Life on 
America’s Marijuana Frontier explains, “with Whole Earth Catalogs and 
Mother Earth News magazines in hand, these idealist youth were leaving be-
hind the ‘American Dream’ and its tarnished illusions of material wealth and 
success. They headed into the countryside of Northern California, upstate 
New York, Vermont, and elsewhere to grow their own food, live simply, and 
be self-sufficient” (http://www.salon.com/2013/06/30/how_humboldt_be-
came_americas_marijuana_capital/, last accessed 15 November 2015).
2 For purposes of this paper, the definition of “sustainable agriculture” used is 
from the Agricultural Sustainability Institute of the University of California, 

http://www.salon.com/2013/06/30/how_humboldt_became_americas_marijuana_capital
http://www.salon.com/2013/06/30/how_humboldt_became_americas_marijuana_capital
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Davis: “[Meeting] society’s food and textile needs in the present without 
compromising the ability of future generations to meet their own needs.” 
The ASI further asserts, “The conversion of wild habitat to agricultural land 
reduces fish and wildlife through erosion and sedimentation, the effects of 
pesticides, removal of riparian plants, and the diversion of water. The plant 
diversity in and around both riparian and agricultural areas should be main-
tained in order to support a diversity of wildlife. This diversity will enhance 
natural ecosystems and could aid in agricultural pest management” (http://
asi.ucdavis.edu/programs/sarep/about/what-is-sustainable-agriculture, last 
accessed 14 January 2017).
3 There is another Redwood Creek in Humboldt County, a considerably 
longer stream that runs for approximately 100 km (62 mi) from Board Camp 
Mountain, in the Coast Range, to the Pacific Ocean near Orick.
4 It should be noted that, while the North Coast is most famous for its 
iconic old-growth coastal redwoods, the study area is comprised of mostly 
mixed-forest ecosystems dominated by Douglas-fir.
5 CAMP was defunded by the DEA in 2012, when the federal agency shifted 
its enforcement priorities “due to state-approved marijuana measures”; the 
number of plants eradicated in California subsequently plummeted from 
7.39 million in 2010 to 2.68 million in 2014 (http://www.dea.gov/docs/ 
2015%20NDTA%20Report.pdf, last accessed 15 November 2015, 72).
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