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Abstract: Availability of water for irrigated crops is driven by climate and policy, as moderated
by public priorities and opinions. We explore how climate and water policy interact to influence
water availability for cannabis (Cannabis sativa), a newly regulated crop in California, as well as
how public discourse frames these interactions. Grower access to surface water covaries with pre-
cipitation frequency and oscillates consistently in an energetic 11–17 year wet-dry cycle. Assessing
contemporary cannabis water policies against historic streamflow data showed that legal surface
water access was most reliable for cannabis growers with small water rights (<600 m3) and limited
during relatively dry years. Climate variability either facilitates or limits water access in cycles
of 10–15 years—rendering cultivators with larger water rights vulnerable to periods of drought.
However, news media coverage excludes growers’ perspectives and rarely mentions climate and
weather, while public debate over growers’ irrigation water use presumes illegal diversion. This com-
plicates efforts to improve growers’ legal water access, which are further challenged by climate.
To promote a socially, politically, and environmentally viable cannabis industry, water policy should
better represent growers’ voices and explicitly address stakeholder controversies as it adapts to this
new and legal agricultural water user.
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1. Introduction

Competing demands for water are intensifying globally, heightening concerns about
water scarcity [1–7]. Among these demands is the availability of water for dry-season
irrigation in the western United States (USA), where precipitation and agricultural water
demand are temporally misaligned [8,9]. In particular, California agriculture produces a
rich diversity of crops that rely on 80% of the state’s developed water for irrigation [10].
Although water allocation has a well-established regulatory framework [11,12], intensify-
ing agricultural demands and an increasingly uncertain climate present social, political,
and ecological challenges for California’s water future [13].

The regulatory framework for agricultural water use in California now includes
cannabis (Cannabis sativa), a newly legal specialty crop [14]. After the legalization of
adult-use recreational cannabis in 2016 [14], water access for legal cannabis cultivation
was stipulated in the Cannabis Cultivation Policy (CCP) [15]. Given the established nega-
tive impacts of illicit cannabis cultivation on native salmonids [16], water quality [17,18],
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and terrestrial species [19–21], the CCP seeks to minimize effects on aquatic and ripar-
ian ecosystems from legal cannabis cultivation while meeting cannabis water needs and
encouraging regulatory compliance.

However, these new water-use regulations pose several barriers for cannabis growers.
At present, obtaining a Small Irrigation Use Registration (SIUR) permit is the most expe-
dient way for a grower to gain a new cultivation water right and an SIUR only permits
surface water diversions [15]. Whereas other producers may divert surface water during
the summer growing season [22], cannabis cultivators may only divert surface water during
winter months, when water supply is plentiful from precipitation [15,23] and does not com-
pound or compete with other diversions. As a result, growers must store diverted water
on-property until the summer irrigation season or rely on other means of water access,
such as groundwater wells [24].

Furthermore, California’s inherent interannual to decadal variability of precipitation
and episodic drought [25–27] adds uncertainty and places cannabis growers at risk for
both climate- and policy-driven water scarcity. Due to the short history of legal cannabis,
the extent to which climate variability threatens water access for cannabis cultivators is
unknown. Additionally, water resources in the region are modulated by atmospheric
rivers (ARs)—enhanced regions of moisture transport from the tropics to the poles—which
account for 30–50% of California’s precipitation and can be solely responsible for ending
drought [23,28,29]. Despite their importance to regional hydroclimate, we have limited
knowledge of long-term AR variability due to the reliance on satellite-era data for tracking
and observing ARs [30]. The CCPs stipulation that growers can only divert when water is
plentiful makes the reliability of water access for cannabis cultivators partially dependent
on the variability of ARs, precipitation, and subsequent streamflow.

In addition to these water access challenges, cannabis cultivation has a tumultuous his-
tory in California. Although medicinal cannabis use was legalized in 1996 and recreational
use in 2016, illicit cannabis cultivation has long-standing associations with negative cul-
tural, political, and ecological impacts. Perceptions and discussion of cannabis are fraught
with stakeholder disagreements, regulatory debates, associations with organized crime,
and concern for further environmental degradation [16,18,31–33]. Furthermore, cannabis is
entrenched within moral quandaries, such as public health disputes [34], uncertainty over
community well-being [35], and competing land use priorities [36]. As a result, cannabis
growers are often framed as criminals rather than farmers [37]. These controversies compli-
cate efforts to regulate cannabis water use and encourage grower compliance.

Given these concerns and challenges, we explore how long-term climate variability
and contemporary water policy currently interact to influence water availability for legal
cannabis in northern California, as well as how public discourse frames these interactions.
Our approach reflects the need to examine agricultural water management as it intersects
with hydroclimate and sociopolitical influences [3,5,6,38]. This is part of a growing body of
literature examining the relationships between public and social interests, cultural values,
and sustainable water management [39–44], with focus on the understudied nexus of
cannabis and water in California.

Within a tri-county region of northern California, we integrated three methodological
approaches to examine how water availability for cannabis varies and how current policies
impact this variation. We first determined how cycles of precipitation and moisture
transport influence water availability and how this fundamental hydroclimatic relationship
relates to current cannabis water-use policies. We then explored the nature of public
discourse around cannabis and water use through a content analysis of regional news media.
We aimed to (1) assess how hydroclimate and water policy influence reliable, legal water
access for cannabis growers in northern California and (2) explore how public discourse in
news media frames perceptions of the evolving water-cannabis nexus.
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2. Materials and Methods
2.1. Study Area

The Emerald Triangle (ET-CA)—Humboldt, Mendocino, and Trinity counties along
California’s north Coast (Figure 1)—is one of the highest cannabis-producing regions
in the United States [38]. Clandestine cannabis cultivation in the ET-CA has persisted
unregulated since the mid-1900s, fostered by the region’s geographic remoteness and
moderate climate [45].
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2.2. Determining the Climate-Water Relationship

Due to the established importance of ARs on northern California’s moisture transport
and precipitation [28], we used the frequency of ARs as the focal measure of hydroclimatic
variability. To determine the relationship between AR frequency and ET-CA water avail-
ability, we used objective-tracking algorithms to count ARs that occurred directly over the
ET-CA. An objective-tracking algorithm uses predetermined metrics to identify a feature
of interest (e.g., ARs) and track its spatial and temporal characteristics. The variability
or oscillations of ARs and other moisture variables were evaluated using power spectra
analysis. The power spectrum is a Fourier decomposition of a timeseries that shows the con-
tributions to variance from different sinusoidal frequencies embedded in the total variance.
With the numerous regional climate cycles that occur at relatively constant periods [46–48],
this analysis highlights the timescales of variability that are important for water availability
in the region (e.g., interannual or decadal).

2.2.1. Data

Many objective-tracking algorithms have been developed to determine interannual
variability in the frequency and intensity of ARs by evaluating the size and timing of
enhanced moisture transport from the tropics to the mid-latitudes [49–51]. However,
differences in objective-tracking methods often result in different event frequencies [52].
To produce a reliable and long-term history of ARs over the ET-CA (125◦ 122.5◦ W and
40◦–42.5◦ N), we adapted an objective-tracking algorithm from Gershunov et al. [30] to be
used in the National Center for Environmental Prediction’s (NCEP) Reanalysis 1 dataset.
This dataset is available at 6-h intervals from 1948 to present day [53]. In order to count
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as an AR, values of integrated water vapor transport and column-integrated water vapor
needed to reach or exceed 250 kg/m/s and 15 mm, respectively. This calculation requires
the tropospheric (1000–100 mb) zonal and meridional components of wind, specific humid-
ity, and surface pressure. All atmospheric data were collected from the NCEP Reanalysis
1 dataset. If integrated water vapor transport and column integrated water vapor values
met the respective thresholds, the length of threshold values was computed by identifying
relative maximums along changes in longitude and latitude. If these values met threshold
conditions for ≥2500 km over the ET-CA, an AR was counted. If subsequent time steps
also captured an AR, only one event was tallied. We validated results from this longer,
ET-CA specific dataset with 1979–2017 results from the Atmospheric River Intercomparison
Project’s (ARTMIP) published Tier One Catalog for the same region and time [52]. We cor-
related this new tracking algorithm with results from the mean of eight relevant ARTMIP
tracking algorithms. These algorithms required a minimum time period (12–18 h) in which
differing thresholds of total column integrated water vapor and column integrated water
vapor transport were met to classify an AR.

2.2.2. Analysis

We computed the power spectra on identified features of the ET-CA that are important
for water availability during the cold season (November–March), coinciding with the
period of winter cannabis diversions: precipitation, AR frequency, streamflow, and soil
moisture. Power spectra analyses help put the short era of legal cannabis cultivation into
the context of climate variability by quantifying long-term variability in the ET-CA moisture
variables. Highly coherent interannual variability is found between the developed tracking
algorithm and the results from ARTMIP’s Tier One Catalog (r = 0.81 for the overlap period
from 1980–2017). While disparities in AR characteristics from objective tracking have
been explored in prior research [52], we focused on interannual and decadal variability
in frequency. We computed the power spectra for the following time series: precipitation
from the Global Precipitation Climatology Project [54], soil moisture from the National
Center for Environmental Prediction’s Reanalysis 1 [55], streamflow from 11 gauges each
with a period of record ≥65 years from the United States Geological Survey (USGS) [56],
and the frequency of ARs from objective tracking. We applied a band-pass filter [57] to
the detrended time series of precipitation, AR frequency, streamflow, and soil moisture to
highlight low frequency variability. For moisture variables in the ET-CA, we removed the
contributed variance from frequencies <20 years (i.e., the Pacific Decadal Oscillation) and
>8 years (i.e., El Niño Southern Oscillation).

2.3. Assessing Current Water Policy

To evaluate the performance of current policy in providing water to cannabis growers,
we applied current water-use regulations to historic streamflow data (1980–2019) within
the ET-CA. Under the current regulations, cannabis SIUR permits restrict legal diversions
to the wet season (1 November–31 March). To protect sensitive aquatic species [58], the di-
version season begins once there are seven consecutive days with flow greater than the
instream flow criteria [59] or after 15 December. Once the season begins, diversions can only
occur when the daily average flow is greater than the instream flow criteria. Since many
watersheds are ungauged, the CCP provides instream flow criteria for established stream-
flow gauges (e.g., USGS gauges), which serve as compliance gauges for growers in nearby
areas [15]. Therefore, a grower is allowed to divert at their point of diversion (POD)
depending on flows at their assigned compliance gauge.

2.3.1. Data

Using the dataRetrieval package in R [56], we downloaded daily average streamflow
from 19 USGS gauges with a period of record ≥30 years (Table S1, Figure 2a). Each gauge
is listed as a compliance gauge in the CCP and has a set of monthly instream flow cri-
teria [15]. Since cannabis water demand estimates are still uncertain and vary based on
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farm size, storage capacity, and cultivation practices [60], we estimated water demand
using registered cannabis water rights accessed through a public water rights database [61].
We downloaded registered cannabis water rights (type = registration cannabis) for Hum-
boldt, Trinity, and Mendocino counties and considered those with a beneficial use of
“irrigation,” a diversion rate of 37.85 L/min (10 gal/min), and diversion and storage dates
of 1 November–31 March. These water rights match the current SIUR stipulations in the
CCP and range from 5 to 8018 m3, with a median size of 456 m3 (Figure 2b).
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2.3.2. Analysis

Using the monthly instream flow criteria associated with each gauge, we calculated
the diversion season start date and number of permitted legal diversion days for each
water year (October–September). Diversion days at each gauge were summed for the wet
season for each water year. Using correlation, we assessed whether diversion days were
similar across space, time, and with AR frequency.

We evaluated surface water availability through three water resource performance
metrics: (1) the likelihood of meeting a specific demand threshold (Reliability); (2) the
likelihood of meeting the demand threshold after a period of not being met (Resiliency);
and (3) the average deficit in the case where demands are not met (Vulnerability) [62,63].
Our demand threshold was the number of diversion days required by growers to secure a
permitted water right in full, which we evaluated against average historical diversion days.
Since cultivation practices vary [64], we used a scenario approach to evaluate a range of
thresholds under different combinations of registered water right permits (300–3600 m3,
Figure 2b) and operational conditions (diverting for 8–24 h/day). We assumed that growers
divert when a legal diversion day occurs and use the maximum diversion rate specified in
the CCP (37.85 L/min).
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2.4. Exploring Public Discourse through Media Coverage

Finally, we investigated public discourse—defined as the exchange of reasoned argu-
ments about a topic within the public sphere—regarding cannabis and water to identify
beliefs expressed by interest groups that may influence decisions about water availabil-
ity for cannabis cultivation. We used a qualitative and quantitative content analysis of
news media to assess the framing of the climate-water-cannabis relationship and cannabis
water demand and regulation, and to examine differences in perspectives of various in-
terest groups. Content analysis is a systematic way of capturing the frequency of ideas
and assessing the content of textual data, particularly in the media [65,66]. Rather than an
objective representation, news media provide a subjective construction of reality through
the purposeful selection of perspective and facts [67,68]. Thus, news media can help set
the agenda of public opinion and frame messages within a debate [69–73], as well as
present perspectives of various interest groups [66,74–76]. Recent research has highlighted
how news media can impact water demand and resource management by influencing
perceptions of controversies and heightening concerns [77–79].

2.4.1. Data

We used two sources to collect newspaper articles: databases and online newspaper
archives. To access articles from national and regional outlets, we used the Proquest News-
stand and Newspaper Source Plus databases. We also collected local news articles from
one source per county—The Mendocino Voice (Mendocino County; via website archive),
The Trinity Journal (Trinity County; via website archive), and the Times-Standard (Hum-
boldt County; via Nexis Uni database). For database searches with robust search engine
capacity, we used search terms related to the study area, cannabis, climate, and water;
for online newspaper archives with simpler search engine capacity, we limited search
terms (Table 1). To capture articles published before the November 2016 legalization of
adult-use recreational cannabis up to present day, we limited document inclusion to those
published between January 2015 and December 2019. The initial search yielded 3845 arti-
cles. We pre-screened articles and excluded duplicates, articles outside the ET-CA, articles
discussing cannabis manufacturing, and articles with references to water solely in the
context of quality, rather than quantity. After applying the exclusion criteria, we included a
total of 416 articles in our analysis.

Table 1. Search terms used for each search platform (newspaper database and newspaper archives specific to a given
local outlet).

Search Platform Search Terms

Newspaper database

(California or “Emerald Triangle” or “Northern California” or Humboldt or Mendocino or Trinity) AND
(cannabis or marijuana) AND

(water or climate or weather or storm or rain or “atmospheric river” or irrig$ or diver$ or groundwater
or river or stream or creek)

Newspaper archives cannabis AND water

2.4.2. Analysis

We used qualitative and quantitative coding to draw out themes and assess their
prevalence through article text. Our preliminary coding scheme was structured based
on article pre-screening and a prior literature review, reflecting themes of interest [80].
With the qualitative data analysis platform ATLAS.ti, we iteratively tested the codebook
on a random sample of 40 articles independently coded by four researchers. Inter-coder
reliability (the consistency of the coding process between coders) was assessed based on the
threshold of Krippendorf’s c-α-binary coefficient of 0.80 as accepted in prior literature [81].
After two rounds of testing, we reached a range of Krippendorf’s c-α-binary coefficient
of 0.44–0.98 across code groups. Wherever code groups were below 0.80, we collectively
clarified any discrepancies among coders [72,82,83].
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The final codes reflected multiple themes, including specific discussions related to
climate, policy, water use, and associated impacts (Table 2). We coded for direct references
to water source (i.e., surface water versus groundwater) and identified the following interest
group perspectives: (1) general public, (2) government, (3) grower, (4) non-governmental
organization (NGO), and (5) Tribal. Government perspectives represent individuals such as
local county representatives, law enforcement, or Department of Fish and Wildlife agents.
NGOs represent private interest organizations such as Humboldt Redwood Healing or
fishermen associations, and growers represent growers themselves and grower alliances,
such as the Humboldt County Growers Alliance. Tribal perspectives refer specifically
to representatives from the Yurok and Karuk Tribes, which have federally recognized
reservations on land within and adjacent to the ET-CA. The general public represents
residential citizens beyond these other groups. All articles were divided evenly among
and independently coded by four researchers. After coding all articles, we grouped
and synthesized coded quotations by theme, assessed trends in article content, tone,
language, and thematic frequency, and identified illustrative quotes. We also used code
co-occurrence tables to interpret how interest group perspectives intersected with content
themes (Table 2).

Table 2. Codes used within categories and their definitions.

Category Code Definition

Climate
Climate and weather Broad mentions of climate and weather, such as drought and rain

Climate change Specific mentions of changes to or new patterns in climate/weather

Policy Regulation References to the regulatory framework for cannabis water use
Permitting Specific mentions of permitting, including cost, applications, etc.

Water use

Cultivation practices References to practices that affect cannabis water demand and use
Geography References to the geographical location of cannabis water use

Illicit activity References to illicit cannabis water use
Infrastructure References to physical items for water access, storage, application

Impact

Instream availability Impact of cannabis water use on stream ecosystems
Off-stream availability Impact of cannabis water use on other off-stream users

Underground availability Impact of cannabis water use on groundwater availability
Grower well-being Impact of cannabis water use on grower well-being, quality of life

3. Results

Results are synthesized to address the two main aims: (1) to assess how hydroclimate
and water policy influence reliable, legal water access for cannabis growers in northern
California, and (2) explore how public discourse in news media frames perceptions of
the evolving water-cannabis nexus. The first section encompasses how hydroclimatic
factors influence water availability for cannabis, as well as how news media framed this
climate-water relationship. The second section presents the implications of current water
policy on legal water access for cannabis and how news media framed these policies and
regulations, as well as the perspectives of related interest groups.

3.1. The Climate-Water Relationship

The frequency of ARs from all nine tracking algorithms correlated strongly with
aggregated and standardized streamflow in the ET-CA. Correlation coefficients range
from 0.57–0.82 for ARTMIP algorithms during the 1981–2017 period, and r = 0.66 for
our tracking algorithm in NCEP Reanalysis 1 from 1954–2020. Further, all variables had
highly coherent signals in the 8- to 20-year band-pass filtered time series (Figure 3 left),
showing a distinct periodicity between wet and dry periods. This 11- to 17-year cycle is
prominent in the resulting power spectra with a spectral peak above the 95% confidence
interval, responding to the periodicity shown in the band-pass filtered data (Figure 3 right).
The 2–3 year frequency band showed a significant peak in the power spectra for soil
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moisture, precipitation and streamflow, consistent with the previously researched 2–3 year
variability that is characteristic to western North America’s hydroclimate [84]. Precipitation
and AR frequency had high interannual variability, which can result in relatively dry
seasons within a wet phase of the decadal cycle, and vice versa. However, the quasi-decadal
variability was consistent and coherent between atmospheric moisture (precipitation and
AR frequency) and surface water (soil moisture and streamflow) on a seasonal timescale.
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Despite this prominent relationship between climatic cycles and water availability,
media content discussing cannabis and water from 2015–2019 rarely discussed climate
and weather as a mediating factor for water availability concerns. Discussions of cannabis
water use were mostly focused on surface water, whereby references to surface water were
found in 48.3% of articles and groundwater in only 6.5% of articles. General discussions
of climate and weather were only identified in 17.5% of the articles, and references to
climate change were far fewer at 1%. The 2011–2015 drought was sometimes referenced
as “historic” or “unprecedented,” but specific references to changing climate patterns
were rare.

Nonetheless, publication of news articles discussing cannabis and water across these
five years did follow an intra-annual seasonal pattern. Article prevalence peaked in
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the summer months each year, coinciding with the visibility of summer low flows and
seasonality of precipitation (Figure 4). For example, reporting was highest in July 2015—the
apex of a severe drought in the region.
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Thus, short- and long-term climate and weather trends were not often directly dis-
cussed in relation to cannabis and water availability, but they are seemingly related to the
prevalence of relevant news articles.

3.2. Implications of Current Water Policy

Wet-season diversion days calculated from 19 USGS gauges had coherent interannual
variability between 1981 and 2017 (0.45 < r < 0.98; Figure S1). The annual average of
diversion days varied between 24 days (2014) and 128 days (2017), occurring within a range
of three years. The average across all years was 71 days. In addition, years with more ARs
had increased diversion days, (0.45 < r < 0.75 for 1981–2017).

Water availability varied depending on the water right permit volume and diversion
operation (Figure 5). Small water rights, such as those ≤600 m3, would have secured their
water right in full more than 90% of years between 1980 and 2019. This makes up 65% of
registered cannabis water rights. However, historical diversion days were often insufficient
to secure full surface water rights for permits ≥900 m2, which represents nearly 20% of
registered cannabis water rights. For example, a grower with a 900 m3 (0.75 acre-ft) water
right permit, diverting for 8 h on legal diversion days, would have secured their full water
right in only 69% of years between 1980 and 2019 (Reliability = 0.69). When their full water
right was not secured, the average diversion shortage was 11 days (Vulnerability = 11 days)
and there was only a 58% likelihood (Resilience = 0.5) that the following year would
provide enough diversion days to secure their full water right. The reliability of securing a
1200 m3 water right (1 acre-ft) over the last 30 years was just 54%.
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The decadal variability in ARs limited full security of large water rights (Figure 6).
Based on the number of days required to reach a full water right under a 12 h/day diversion
operation, water access stipulated by the CCP would have been impacted by the low-
frequency variability in climate and AR frequency, sometimes facilitating, but other times
inhibiting the ability to fulfill a water right. Interannual variability (less than 8-year periods)
is not included in the variance of this time series, highlighting that this climate-driven
quasi-decadal cycle alone drives periods of water security or deficit.
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Estimates of cannabis’s actual water demand varied greatly across news articles
related to cannabis and water. Reported irrigation requirements for cannabis cultivation
ranged from 8.7 to 56.7 L/day (3–15 gal/day). Cannabis water demand was also often
compared to the water demand of other regional crops. For example, articles characterized
cannabis, without substantiation, as requiring double the amount of water required to grow
grapes—a known water-intensive crop [85] or that it “uses about as much water as corn.”
Only two articles contextualized water demand in terms of yield or consumer product. One
stated that the water required to produce a “joint” (i.e., cannabis cigarette) is <2 L (0.5 gal),
while the water required to produce a glass of wine, a comparable luxury item, ranges from
98.4 to 109.8 L (26–29 gal).

Elements of cannabis’ illicit history permeated the discourse over cannabis water
regulation. In 2015—prior to recreational cannabis legalization and during a period of
highly publicized enforcement raids—news media portrayed illicit cannabis as culpable
for “literally sucking rivers dry” as dry-season diversions coincided with drought to di-
minish flow. Concerns over developing effective regulations for cannabis water use were
largely discussed from 2016 onward, as recreational cannabis was legalized. Some articles
reflected that, despite legalization, illicit cannabis was still a large concern, potentially
causing streams to “dwindle down to near trickles.” Yet, even newly legal cannabis was
still a cause of concern. One media source offered that under the current law, “a vegetable
garden is an acceptable use but a cannabis garden of the same size is now environmental
degradation.” Associated legalization challenges became a prevalent topic, namely de-
veloping and implementing a regulatory framework that, as a government official noted,
“touch[ed] every aspect of the cannabis business, including farming, water use, shipping,
retail and consumption, and required the construction of an online licensing system.”
These discussions also acknowledged water-use tensions from diverse interests in addition
to cannabis, including cities, forests, vineyards.

Identified interest groups (i.e., government, grower, NGO, general public, and Native
Tribes) presented differing, sometimes opposing, views on cannabis-water concerns and
regulations. Government perspectives were the most widely represented (43.5% of all inter-
est group codes), followed by growers (20.6%), the general public (17.7%), NGOs (13.1%),
and Native Tribes (5%). This imbalance in presented perspectives is reflected in the break-
down of code frequency by interest group (Figure 7).
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These perspectives reflect the often-divergent priorities and concerns of each inter-
est group. Issues of in-stream availability were most frequently presented by the general
public, NGOs, and government, representing concerns such as de-watering streams or de-
stroying salmonid habitat; off-stream availability concerns, such as water for municipal use,
were expressed by all interest groups except growers. Regulation and illicit activity were
the most prevalent topics, and government interest groups were most often represented
in these discussions. Regulation discussions mostly encompassed concerns and ideas for
building a viable regulatory framework, such as how to regulate where cannabis is grown
(e.g., in neighborhoods, in proximity to waterways, or within sensitive watersheds, etc.)
and where it can expand, and how cannabis water use affects downstream communities
and water users. Following the enactment of the CCP in 2017, news articles began to
advertise local cannabis-water workshops hosted by government agencies and NGOs.
Illicit activity discussions largely focused on the environmental impact of illicit cannabis
and reported on law enforcement raids.

Grower perspectives differed from those represented by other interest groups and were
not equally represented in discussions of regulation and illicit activity. Growers and grower
advocates were largely the only interest group discussing cannabis cultivation practices
(e.g., water conservation strategies), and were the only group to represent concerns for
grower well-being. Prior to legalization, growers were quoted asking for regulations to
effectively legalize cannabis and uphold their farmer identities. As one grower in 2015
mentioned, without regulation, authorities could not determine “who’s a good farmer and
who’s bad. And so, farmers live under this constant shadow of fear.” As regulations were
proposed and instituted, the cost of compliance (e.g., cost of permitting and water storage
infrastructure) was a prevalent and well-discussed concern for their well-being. Following
legalization, another grower was quoted saying, “After 40 years of feeling pretty spunky
and loose, we are wallowing in a miasma of regulations and permits, ordinances, tariffs.
The costs are crushing. Small farmers can’t realize a profit.” In 2016, a Humboldt County
grower noted that, “We were all criminals a year ago, so it’s hard to get into that mindset
where you’re given rules that we really didn’t have before. It’s a lot to take into account to
try and conform.”

Despite these regulatory concerns, growers and NGO representatives did present
adaptive cultivation strategies for legal cannabis. ET-CA growers were described as
“master breeders” in producing drought-tolerant strains, and many echoed a desire for
“rain-grown cannabis” as an environmentally friendly branding opportunity that also
worked within regulatory constraints for water. Toward this goal, one farmer advocated for
“a concerted government effort to support tank programs and rainwater catchment ponds.”
NGO representatives also described ongoing initiatives to support cannabis growers,
such as creating maps of growers’ parcels (upon their request) to help identify “ . . . where
landslides will happen if you punch a road . . . or where you should stay out of the riparian
zone with your garden enterprises.” Such support also included calls for “financial help
for things like the $70,000 to $100,000 needed for a water storage tank.” Although these
strategies did not represent the majority of news media coverage, they exhibit potential
solutions for the sustained viability of legal cannabis in the ET-CA.

4. Discussion

Water use allocations are constrained not only by climate-driven water availability,
but also by water policies that are in part artifacts of historic use and political power
dynamics that are moderated by public opinion. When a new use is demanded, each of
these factors can be influential. We examined how these factors operate in tandem to
influence surface water availability for legal cannabis in the ET-CA.

Surface water availability for legal cannabis in the ET-CA is highly dynamic and driven
by climatic variability, yet public discourse may not reflect these climate trends. Our results
illustrate that under current regulations, grower access to surface water covaries with AR
and precipitation frequency. Because slow oscillations in climate affect physical water
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availability, securing a full water right partially hinges on the phase of the climate cycle.
Furthermore, amidst a rapidly changing climate, decadal wet and dry fluctuations are
larger in magnitude than the linear trends in precipitation, soil moisture, streamflow,
and AR frequency (Figure S2). Although this decadal variability has been inconsistent in
the last 350 years [86], more extreme North Pacific pressure regimes tied to anthropogenic
climate change [29,87] may exacerbate the prominent cycles noted in more recent years.
Nonetheless, climate and weather patterns were rarely discussed in news media as a
mediating factor for surface water availability. Additionally, references to groundwater
were few, perhaps due to its lack of physical visibility [76], even though the impact of
unregulated groundwater withdrawals for cannabis cultivation is a growing concern [24,88].
Thus, while water access for cannabis has been and will continue to be largely influenced
by climate and weather, public discourse in the news does not appropriately acknowledge
this relationship.

While hydroclimatic variability plays a large role in surface water availability [89],
policies stipulate how, when, and to whom water is available for use. We found that current
water-use regulations, coupled with the multi-year drought phase of northern California’s
inherent wet and dry cycles [13,38], have unbalanced impacts on water availability de-
pending on the water right volume. Small water rights were more likely to be completely
filled on a year-to-year basis, and the Reliability never dropped below 90%. In contrast, wa-
ter access was particularly unreliable (<50%) for registered water rights ≥1200 m3 and for
growers who are unable to divert for a full 24 h/day. Although 65% of registered cannabis
water rights are less than 600 m3, the State Water Resources Control Board does issue larger
water rights that are difficult to fulfill during most years. Moreover, our estimates of legal
surface water availability represent a best-case scenario. While diverting for 8-24 h/day
is quite realistic, we also assume that growers take advantage of each legal diversion day.
The reliability of securing a full 900 m3 water right over the past 30 years, for example,
declines from 69% to 54% for a grower diverting on 3

4 of legal diversion days for 8 h/day.
This scenario pertains to nearly 20% of legal growers that have a registered water right
permit ≥900 m3. Such policy-mediated water scarcity compounds on the existing grower
concern of physical water storage limitations [60].

Analysis of public discourse in cannabis-water news media exhibits several challenges
of regulating and incentivizing legal cannabis cultivation in northern California. Media cov-
erage largely focused on illicit cannabis cultivation and surface water use, despite roughly
20 years of legalized medicinal cannabis and four years of legalized recreational cannabis.
The language and framing of water demand for cannabis underscores the controversies of
incorporating cannabis into the current regulatory framework, particularly how it is associ-
ated with a “voracious thirst” while its actual water needs remain unclear. Furthermore,
the interest group perspectives represented across articles reflect preexisting controversies
surrounding cannabis water use, as well as divergent interests. Regulation and illicit activ-
ity were the main focus of cannabis-water news reports, but they were mostly discussed
from a government perspective and not by growers themselves. Moreover, grower well-
being was not explicitly discussed by any interest group other than growers and grower
organizations. This divergence highlights how these perspectives may often be represented
at odds with each other, rather than synergistically, as well as how grower perspectives
may not be appropriately considered in developing a regulatory framework for cannabis
water use. Additionally, certain perspectives, particularly members and Tribal govern-
ment representatives of the Yurok and Karuk Tribes, are rarely represented in popular
news media in comparison to those of federal or state government personnel—an unfor-
tunately common occurrence in water management [41]. Given the importance of media
coverage in framing and reflecting public opinion [69–71] and creating narratives around
natural resource management [76,79], this imbalanced representation of key stakeholders
and their priorities may exacerbate controversies regarding legal cannabis and its water
use regulations.
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Limitations and Future Work

We were not able to explore factors that influence streamflow and diversion days at
the scale of individual watersheds or drainages. The direct impact of climate on stream-
flow in this region is influenced by rock and soil moisture [90], differences in underlying
lithology [91], and the extent to which ARs produce local precipitation [92]. Knowledge
about how climate interacts with watershed characteristics could help refine water-use
regulations. We were not able to explore how alternative water-use regulations (e.g., using
different methods for calculating instream flow requirements) impact the reliability of
water right permits. A more in-depth sensitivity analysis could provide additional insight
into policy-mediated water availability. This study primarily considers surface water avail-
ability for legal cannabis, and therefore did not account for illegal cannabis diversions or
groundwater extractions. Qualitative insight, such as from interviews, can help illuminate
the situations faced by legal (or transitioning) cannabis growers and related stakehold-
ers, and could provide in-depth perspectives for further interpreting and contextualizing
our results.

5. Conclusions

Legal cannabis cultivation is an agricultural frontier, subject to new resource-use
regulations. These regulations and their implications are a nascent area of research, espe-
cially since cannabis is often considered in its illicit capacity as a source of environmental
degradation. We provide evidence that natural climate oscillations, in combination with re-
strictive water-use policies, can limit water availability for legal cannabis cultivation. Public
discourse frames the relationships between hydroclimate factors, water policy, and water
availability in ways that exacerbate stakeholder controversies and widen the chasm toward
effectively managing legalized cannabis.

In a water-scarce environment like the ET-CA, change toward a more equitable water
allocation policy will be difficult. The apparent differences across interest group perspec-
tives suggest that garnering public support for any change may be difficult without a
careful and inclusive search for novel allocation solutions, starting with bringing compliant
cannabis growers to the table. An increasing number of states in the USA are legalizing
cannabis cultivation and facing a new regulatory era for cannabis. If policies do not ac-
count for hydroclimatic variability, respond to grower concerns, and address sociocultural
controversies, grower compliance and industry viability will remain elusive. By assessing
policy through broad social and ecological drivers, cannabis cultivation—in the ET-CA and
beyond—can be more sustainably integrated into agricultural resource management and
better adapt to current and future climatic variability and water-use concerns.
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1/13/1/5/s1, Table S1: USGS gages and instream flow criteria sourced from the Cannabis Cultivation
Policy [15], Figure S1: Time series of diversion days calculated at 19 USGS gages within the ET-CA,
with individual gages depicted as colored lines (a) and the associated correlation matrix for diversion
days across gages (b)., Figure S2: Time series of (a) atmospheric river frequency, (b) streamflow,
(c) precipitation, and (d) soil moisture with linear trend and p-value related to trend significance.
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