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Abstract: Droughts affect recreation and tourism, grazing, forests, and timber, and can have important
indirect effects for the ecosystems and species that rely on water. Despite its importance, the effect
of drought in the land management sector is less understood than in other water-intensive sectors,
such as agriculture and public water supplies. This study presents the first-ever estimates of the
economic valuation of the information provided by the U.S. Drought Monitor using the avoided cost
method. These estimates are based on the time and labor saved by using the U.S. Drought Monitor
rather than compiling drought-related information from other sources, or using other sources for
tracking/monitoring droughts, communicating drought conditions, and dealing with drought-related
issues. The results reflect rational behavior—the more time needed to compile or collect drought
information provided by the U.S. Drought Monitor, the higher the dollar value in avoided cost.
This dollar amount also varies by institution and organization, which indicates respondents from
different organizations value the information from the U.S. Drought Monitor differently. For example,
compared to the state offices, the field offices in the Bureau of Land Management value more of the
information provided by the U.S. Drought Monitor. These estimates can be used to estimate the
societal benefits and help policy makers evaluate the U.S. Drought Monitor in different sectors.

Keywords: drought; climatic information; U.S. Drought Monitor; land management; avoided cost; val-
uation

1. Introduction

Timely and accurate climatic and meteorological information is critical for people’s
decision making [1,2]. This information is used in private markets and to support a wide
range of public policy decisions, including land management, crop and livestock planning,
disaster preparation, and relief, and public health. Global climate change is likely increas-
ing the severity and frequency of droughts [3]. In response, the demand for drought-related
information will likely increase to better inform decision making. Therefore, it is important
to understand the value of this drought-related information and how it can change both
public and private decisions. Governments often provide information about droughts,
typically for free because of the public good nature of the information: the information can
be shared with many users at virtually the same cost as providing it to one. Because the
information is not bought and sold in markets, the public sector providers of this infor-
mation may not know the potential return on the taxpayers’ investment in producing this
information. Finding a way to assign a value to the information, in the absence of a price,
would help decision-makers decide whether to continue to allocate resources to providing
weather and climate information.

As described in our companion paper [4], a considerable body of literature exists that
describes ways to assign values to climatic and meteorological data in general, and drought-
related information in particular. Studies have used many methods to measure the benefit
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of climatic and meteorological information, including avoided cost and benefit transfer,
contingent valuation and choice experiments. To extend the analysis, this paper provides
direct qualitative and quantitative measures of the value of the drought-related information
provided by the U.S. Drought Monitor (USDM) for a narrow set of consumers in the
Bureau of Land Management (BLM). We chose BLM for this analysis because timely
information about drought is important for its operations. Droughts affect recreation
and tourism, grazing, forest and timber, and can have important indirect effects for the
ecosystems and species that rely on water [5–7]. Despite its importance, the effect of
drought is less direct and perhaps less understood than in other water-intensive sectors,
like public water supplies. Several studies have examined how farmers and households
use climatic and meteorological information [8–16], but less attention has been focused on
land management [17].

Through a survey of BLM staff and in-depth interviews, we collected information
about how the USDM is to track and monitor droughts, communicate drought conditions,
and deal with drought-related issues. We asked the survey respondents to estimate the
time they spent tracking or monitoring drought, with and without the USDM, and the
hourly wage rate of the people who track and monitor drought. Using this information,
we present the first-ever estimate of the economic value of the information provided by
the USDM.

2. Background

The National Drought Mitigation Center (NDMC) hosts and maintains the USDM,
a weekly map of drought conditions throughout the United States, showing which parts of
the United States are experiencing various degrees of drought. Since its inception in 1999,
the USDM has been used by companies, commodity brokers, congressional committees,
media, farm programs, and federal, state, and local government agencies, to track the
status of droughts [18]. The U.S. Farm Bill has used the USDM as a trigger for various farm
and ranch programs in the U.S. to the tune of nearly $7 billion in relief since 2012 alone.
Despite the wide use of the USDM, only a few studies evaluate how the information it
provides affects the economy [19,20]. None has focused on the value of the information
provided by the USDM despite its importance.

Timely and accurate Drought-related information is critical for BLM. First, droughts af-
fect recreation and tourism. The public lands managed by the BLM offer more recreational
opportunities than lands managed by any other federal agency, with more than 99%
available for recreation with no fee. In 2016, BLM lands received more than 64.6 million
recreation-related visits [21]. Second, it affects grazing. In 2016, the BLM permitted
12 million animal unit months (AUMs) for ranchers who graze their livestock, mostly cattle
and sheep, on public lands. While the number of AUMs sold each year remains rela-
tively steady, annual variations in use occur because of factors such as drought, wildfire,
as well as market conditions and restoration projects [21]. The droughts in 2002 and 2012
contributed to substantial losses in grazing fees [22]. Third, it affects forest and timber.
Forest ecosystems provide numerous ecological, economic and aesthetic benefits across
many spatial scales [23]. One-fourth of the 245 million acres of lands managed by the BLM
are forest ecosystems, spread across 13 western states, including Alaska [21]. Forests are
very vulnerable to drought and temperature extremes.

3. Data and Methods

Several methods and tools have been explored to value the benefits of climatic and
meteorological information. The direct market approach uses market prices and quantities
to estimate the use of the information or services, such as crop or livestock revenues [24].
A commonly used indirect method of measuring non-market services is the value of
avoided costs [4]. The costs that people avoid by using the climatic and meteorological
information are a proxy for the value of the information provided. Contingent valuation
studies and choice experiments are two approaches for measuring stated preferences,
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a method that has been used to estimate the value of public goods or services [4]. State pref-
erence methods were not applicable for measuring the value to BLM because the survey
respondents were not able to put a dollar value on the information, due to both to their
role as agents of the federal government and budget constraints facing their bureau.

Surveys are one of the most common and important methods for eliciting information
directly from a group of respondents [16]. To begin to develop estimates of measures of
the value of the USDM based on how it is used in decision-making, we conducted one-
on-one pilot interviews. Interview subjects were from the Bureau of Land Management,
and, as a test of the interview protocol, the Central Nebraska Public Power and Irrigation
District. These interviews provided information about how the USDM is used and initial
assessments of how to measure the value of the USDM to its users. Following state-of-art
methods [25], we developed a survey questionnaire targeted to specific USDM users within
the Bureau of Land Management, who manage public lands primarily in the more-arid
western states. The survey included questions about whether the USDM is used, how it is
used, qualitative measures of its value, and questions about its potential monetary value.
It was approved by the Institutional Review Board (IRB, project number: 15924). The survey
was launched in the fall of 2018. The questionnaire was distributed via a program officer at
BLM, who first introduced the survey on one of the regular BLM Resources and Minerals
Committee phone calls and then distributed it along with post-call materials to about
330 field-level and state office deputy-level managers. They were invited to complete the
survey via an email containing a unique link to the survey. Each person was allowed to
complete the survey only once. We conducted the survey and collected the data through
Quatrics, a user-friendly online survey software tool. We received 43 responses to the BLM
survey with an effective 11 percent response rate (35 people have completed the survey).
The response rate is satisfactory considering the goal of the survey is not a high response
rate, but the representation of the population of interest and low non-response bias [26].
Low email surveys response rates are not unusual due to factors such as pre-notifications,
incentives, personalization and reminders [27]. Different from most previous surveys
investigating the general public, random sampling is not appropriate because our research
focus on the USDM users among BLM employees. Additionally, the geographic locations
of our survey responses represented all the BLM’s western state offices. According to our
personal contacts, one or a few people per state, district, or field office would be primarily
responsible for monitoring drought on normal basis, and larger numbers of BLM staff
becoming involved in use of the drought monitor during drought years such as 2002 and
2018. Emails invitations were sent out in early November of 2018 and three reminders
followed in every three weeks. These users themselves volunteer to take part in the research.
We feel that our survey procedure has successfully researched out to the representative
USDM users at BLM in field offices and the non-response rate is low. The questionnaire is
shown in Supplementary Material.

Among 35 people who completed survey, most of the respondents reported that
their agency tracks or monitors the location or severity of drought. Although drought
information is important for BLM’s decision making, we could not assume that everyone
at BLM accesses or uses drought information. Some of our survey respondents are not
familiar with drought tracking and monitoring tasks. Some are supervising staff to do
drought tracking or monitoring work while others are responsible for drought tracking
and monitoring tasks themselves. Therefore, we added multiple filters throughout the
survey questionnaire so the respondents irrelevant to the questions were filtered out
gradually. For example, if the respondents’ agency does not address any issues affected by
drought, or they do not deal with drought issues, or they are not responsible for drought
related tasks, they are redirected to the end of the survey for referral to relevant people,
including name, position, and email.
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4. Survey Results

The survey respondents represent different level BLM offices that track and monitor
drought well, including 14% from national office, 26% from state offices, and 60% from
district/field offices. More specifically, six of the twelve BLM administrative state offices
were represented in this survey (i.e., Alaska, California, Colorado, Idaho, Montana-Dakotas,
and New Mexico), and 17 district/field offices out of 63 were represented in Arizona/Utah,
California, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming. District/field
office regions represented in the survey range from 2500 to over 5 million people served.
Administrative state regions represented range from 100,000 to over 5 million people.
According to respondents, the most common BLM-related issues that are potentially
affected by drought or lack of precipitation include wildfire protection, grazing allotment
and number of permits, protecting terrestrial habitats, wildlife, recreation and tourism
(such as rafting, kayaks, fishing, aquatic habitats, and hiking), and agriculture-forage-
grazing industries and wild horses, as shown in Figure 1. All of the respondents said they
work in a role or position that related to the drought issues that they checked. The majority
of the survey respondents have a primary disciplinary background of environmental
science, GIS, biological science, natural resources science, ecology, or forestry. More than
80% of the survey respondents have more than 11 years’ experience.
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Figure 1. Drought related issues that respondents’ offices deal with.

4.1. Drought Monitoring and Tracking

About 90% of respondents reported that their agency tracks or monitors the location
or severity of drought. Half of them were not responsible for monitoring drought and
thus were excluded from further analysis. Of the 20 remaining individuals who continued
the survey, about half were themselves responsible for drought monitoring, and the other
half supervised staff who were responsible for drought monitoring. These individuals
held a range of positions including field management, state leadership, research staff,
and program leadership. Because four of the five respondents who worked at the national
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level said that they were not at all responsible for monitoring drought, only one national-
level respondent was included in the subsequent analysis. The majority of respondents
representing all level office (national, state, and district/field) said they monitor drought
for risk communication with the public, such as sending out newsletters or warnings to the
public on fire risks and conditions, to support decisions or actions to respond to drought
conditions, for internal communications, and to support research. One district/field office
respondent wrote in that his/her agency tracks or monitors drought for land use planning
under the National Environmental Policy Act.

Understanding where, when and how often people get drought information is critical
to improve the drought information products. However, the literature is limited on the
sources of drought information. To access respondents’ sources, we asked them to indi-
cate which sources they obtain drought information, and how often they obtain drought
information from seven potential sources. The seven sources of information are the USDM,
numeric indices (e.g., Palmer Drought Severity Index, Standardized Precipitation Index,
and Standardized Precipitation Evapotranspiration Index), and data on snowpack were the
most commonly used sources of information used to monitor drought. We also allowed the
respondent to identity the sources of information if it was not listed in the potential sources.
Our results show that the USDM is the most popular sources of information at national,
state, and district and field offices, followed by numeric indices such as Palmer Drought
Severity Index, Standardized Precipitation Index, and Standardized Precipitation Evapo-
transpiration Index. Evaporative Demand Drought Index provides another importance
sources of information for all level BLM offices. Other sources identified by respondents
are the Climate Engine, field data collected by staff, the Great Basin Geographic Area
Coordination Center (GBCC) Predictive Services, Fire Remote Automated Weather Stations
(RAWS), Parameter Elevation Regression on Independent Slopes Model (PRISM), NOAA,
and Western Water Assessment. We believe that the diversity of sources can provide a
more efficient solution on tracking and monitoring drought based on individuals’ needs.

Additionally, we solicited responses on how often they seek information to track or
monitor drought. Due to the unique characteristics of drought such as developing slowly,
quietly, and lacking highly visible and structural impacts, we chose the “only when there
is drought” as a conservative, lower-bound [28]. Our survey results show that more than
half sought information at least a couple of times per month, year-round. Others seek
the information only during critical seasons or only when there is drought. State and
district/field office representatives were fairly similar in their answers, while the one
national office representative said they monitored at least once a week, year-round.

Compared to seeking information tracking or monitoring drought from all sources,
respondents show similar behavior when consulting the U.S. Drought Monitor. For exam-
ple, about 80% of the respondents reported that they consult the U.S. Drought Monitor
every month or more often. Of those who said they consult the U.S. Drought Monitor
only during critical seasons, spring and summer were indicated as critical more frequently
than fall and winter. Notably, all of those who said they consult the U.S. Drought Monitor
only when there is drought worked in district/field offices. Of those who only consult
the U.S. Drought Monitor during drought, they ranged from once-a-week usage during
drought to a-couple-of-times-per-year usage during drought, displaying wide variance in
dependence upon the tool.

We use Likert scale to understand users’ views and experience with the USDM and
the results are shown in Figure 2. Results show that the majority of survey respondents
have positive experience and confidence with the USDM. They strongly or somewhat
agree on its informativeness, acceptance, timeliness, relevance, trust-worthiness, accuracy,
and clarity. There are few negative experience with the USDM, which may due to various
reasons such as scale, purposes of tracking or monitoring drought. A follow-up survey may
identify these concerns and help improve the USDM. When we asked about the information
provided by the U.S. Drought Monitor compared to other sources of drought monitoring
information, 93% of the respondents agreed on “the U.S. Drought Monitor provides useful
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information that I do not get from other sources,” while only one person suggested “the U.S.
Drought Monitor provides the same information that I get from other sources.” None of the
respondents said that the U.S. Drought Monitor provides less useful information than they
get from other sources. The most popular features of the USDM among our respondents are
the current and/or archived maps (93%), the text of the drought summary (86%), the links
to other tools representing current conditions and outlooks (64%), and the spreadsheets,
data, and/or shapefiles (36%). Similar to other climatic and meteorological services, users’
experience and attitude may serve as a baseline for the improvement of products [16].
Due to the fact that familiarity, frequency of using the product, as well as the specific
tasks of using the USDM may change over time, it is useful to conduct additional surveys
and compare the experience on the USDM with the baseline survey. Despite the caveat,
the experience and attitude can also relate to respondents’ value of the USDM.
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Figure 2. Responses on the quality of information provided by the USDM (n = 13).

4.2. Valuation of the US Drought Monitor

After surveying our targeted USDM users at the Bureau of Land Management, we un-
derstand whether the USDM is used, how it is used. We further explored qualitative
measures of its value, and its potential monetary value since understanding the economic
value of the USDM is critical for policy analysis and for decisions on improving the drought
monitoring and tracking product. Due to the fact that the USDM is not traded on the mar-
ket, the value is not reflected in people’s purchase behaviors. It is important to note that
there is no standard approach, and the valuation of information may vary by sector. For ex-
ample, many researchers investigate households’ value of different weather forecasting
or meteorological services by asking their willingness to pay for the product [16]. In our
particular case, we focus on the value of federal employees within BLM and the avoided
cost method works best for our research.

To understand the direct costs associated with drought tracking, we are interested
to know current status spending on drought tracking and monitoring. First, we asked
respondents whether their agencies pay for climate or drought information. If they an-
swered “Yes”, we followed up with an additional question on how much their agencies
spend for the information in an average year. Thus, 11 of the 14 people that regularly
use the U.S. Drought Monitor reported that their agencies do not pay for drought in-
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formation. Among those three whose agencies pay for climate or drought information,
all indicated that their agencies spend $3000 or above for this information in an average
year. Second, we asked respondents the number of hours per week on average they spend
gathering drought-related information currently. Ten people (four state, six district/field)
reported that they spend less than one hour per week gathering drought-related informa-
tion; three respondents (one national, two state) reported that they spend between one and
two hours per week; and one respondent (district/field) reported spending three to five
hours per week gathering drought-related information.

Using the respondents’ current expenditures on drought related information as base-
line, we further elicited the hours per week spent gathering and analyzing or mapping
drought-related information if the U.S. Drought Monitor were not available. Our hypothe-
sis is that the hours per week spent gathering and analyzing or mapping drought-related
information would increase. Among the 10 respondents who stated that they currently
spend less than one hour per week or no time gathering drought-related information,
five of them would spend more than one hour per week gathering this information if the
U.S. Drought Monitor were not available (see Figure A1). Respondents from state offices
were likely to increase the time spent per week from 1 h to 2.5 h per person, with an average
increase of 1.75 h without the U.S. Drought Monitor. Four respondents from district/field
office indicated that they would increase amount of time they spend tracking drought by
1 to 2 h, four said they would increase 3 to 5 h, and one indicated greater 5 h per week.
District/field office respondents were likely to increase the time spent per week tracking
drought by a minimum of 1.3 h to a maximum of 5.3 h per person, with an average increase
of 3.3 h per week without the U.S. Drought Monitor. The respondent from the national
office was likely to increase the time spent per week tracking drought by a minimum of 1 h
to a maximum of 4 h if the US. Drought Monitor were not available.

In order to estimate the labor costs avoided gathering drought-related information due
to the USDM, we further elicited respondents’ the hourly wage information (Figure A2).
The hourly wage for the individuals who access or work with the U.S. Drought Monitor
varies from $25 to $100. Based on the limited observations, the weighted average wage rate
for state employees who are doing drought-related work is $42, with a lower bound of $25
and an upper bound of $75. The weighted average wage rate for district/field employees
who are using the U.S. Drought Monitor is $43, with a lower bound of $25 and an upper
bound of $100. Multiplied by the increased hours of labor needed if the U.S. Drought
Monitor were not available, the increased cost of labor for a state office employee who is
doing drought-related work ranged from $25 to $187.5 per week, with an average of $73.5.
For a district/field office employee who is doing drought-related work, the increase ranged
from $18 to $530 per week, with an average of $220. For the respondent from national office
who is doing drought-related work, the increased cost ranged from $35 to $200 per week,
with an average of $106.

After communicating multiple BLM contacts, we made the following assumptions
about the number of people per office tracking drought [29,30]. For a district/field office
that has less than 10 people, there is only one person tracking or monitoring drought.
For district/field offices that have more than 10 people and all the state offices, there are
between two and 10 people tracking or monitoring drought. The number of employees at
all 63 district/field offices who track or monitor drought is between 124 and 612, with an
average of 368. We estimate that the total cost of labor saved for all 12 state offices is
between $31,200 and $1,560,000 per year, with an average of $275,184 per year. The total
cost of labor saved for all district/field offices is between $111,600 and $16,218,000 per year,
with an average of $4,048,000 per year. The ranges are large because of the uncertainty
regarding the number of people tracking drought in each office. Since we have very
limited observation from the national, we did not estimate the total cost of labor saved at
national offices.

Respondents indicated that there would be other costs if the USDM were not available.
These costs include items such as purchasing software and hardware, and other mainte-
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nance costs (such as purchasing printing supplies, computers, and printers, and network
maintenance/repair costs). Some respondents mentioned additional labor costs including
collecting data and data quality control and improvement, costs associated with land man-
agement decisions, and additional costs such as expanding the current range of products.
Based on our survey responses, the potential other costs saved by using the U.S. Drought
Monitor varies from $50 or less to $3000 or more in state offices per year. In district and
field offices, the potential other costs saved by using U.S. Drought Monitor varies from
$600 to $3000 or more per year. The potential other costs for the 12 state offices ranges from
to $600 to $28,000 and the potential other costs for 63 district/field offices $7200 to $189,000
per year.

5. Summary

Because of the public nature of climatic and meteorological information, market prices
do not exist most of the time. We used the avoided cost method to value the information
provided by the U.S. Drought Monitor to the BLM. The avoided cost approach is an indi-
rect approach to estimate the potential costs avoided by using the U.S. Drought Monitor.
Compared to other valuation approaches such as stated preference, the avoided cost is less
data- and resource-intensive. The avoided cost method can provide a rough indicator of
economic value with less time and a smaller budget. Researchers have used the avoided
cost method to estimate disasters and damages avoided or reduced in agriculture, trans-
portation, health, power generation, and recreation due to timely and accurate climatic
and meteorological information [9,17,31,32]. It is important to note that we only estimate a
portion of the full range of costs avoided in BLM by using drought information provided by
the U.S. Drought Monitor. Due to data availability and complexity of ecosystem goods and
services, we do not include the cost of relocating resources to control wildfires, the avoided
environmental damages through preventing wildfires, and avoiding overgrazing by using
drought information provided by the U.S. Drought Monitor. The avoided cost in land man-
agement is one small portion of value provided by the U.S. Drought Monitor. Other values
provided by the U.S. Drought Monitor include potential savings for the disaster relief
program in agriculture, sickness cases prevented and lives saved in the public health sector.
Hence, the results likely to understate the full range of value provided by the U.S. Drought
Monitor. Based on the limited observations from staff and field managers at national, state,
and district/field offices in the BLM, we estimate the annual avoided cost of labor per
person who tracks or monitors drought, and then estimate the total cost of labor saved for
all state offices and district/field offices. While the sample size was small, respondents
represented a range of BLM offices, including national offices (including headquarters and
predictive services) as well as state offices and district/field offices. About 60 percent of
BLM administrative state offices and 30 percent BLM district/field offices were represented
in the survey. The avoided cost of labor per year for all BLM state offices and district/field
offices alone varies from $0.14 million to $17.78 million with an average of $4.33 million.
Compared to the total avoided cost of labor, the other associated costs, such as purchasing
software and hardware, additional labor costs, costs associated with land management
decisions, avoided by using the U.S. Drought Monitor are trivial. It means that the total
avoided cost per year for all BLM state offices and district/field offices alone varies from
$0.2 million to $18 million.

Although this study provides preliminary evidence of the values of the information
provided by the U.S. Drought Monitor in land management, several caveats must be kept
in mind. First, we do not account for all avoided costs using the U.S. Drought Monitor
in land management. For example, our estimates exclude the cost of relocating resources
to control wildfires and the potential savings from preventing wildfires, the savings from
avoiding overgrazing, and related environmental damage by using drought information
provided by the U.S. Drought Monitor. Second, our sample size is relatively small and we
have limited observations for some of the key questions in our survey.
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Despite all the caveats, our approach approximates the partial avoided cost from using
the U.S. Drought Monitor. Future studies could take a more general approach to exploring
the indirect avoided cost or a more rigorous approach to examine the willingness to pay
for the information provided by the U.S. Drought Monitor. Accurate number of BLM staff
tracking drought information would help to improve the value of the U.S. Drought Monitor
to the BLM. Additional information about how drought data are used and the economic
losses avoided by timely information about drought in national, state, local/district offices
can be helpful to improve the estimates of value by the U.S. Drought Monitor. Case studies
that evaluate the BLM’s management of grazing land, its use of drought information as
part of their land management, and ranchers’ use of the information, could help to develop
estimates of the potential role and value of the Drought Monitor. A proactive approach to
drought mitigation plans can potentially avoid or reduce costs related to wildfire control,
overgrazing, and other environmental damage.

Supplementary Materials: The following are available online at https://www.mdpi.com/2073-444
1/13/2/112/s1.

Author Contributions: T.L., R.K., T.H. and K.H.S. designed the survey questionnaire; T.L., R.K.
and K.H.S. wrote the paper; R.K., T.H. and M.S. provided comments and suggestions on the paper.
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Sectoral Applications Research Program and by the National Integrated Drought Information System,
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