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Abstract 15 

Corporate water stewardship (CWS), in which companies engage in or incentivize actions to 16 

advance sustainable water resource management, can positively affect water resources, reduce 17 

water-related business risks, and support Environmental, Social, and Governance (ESG) and 18 

sustainability reporting efforts. Agricultural landscapes affect diverse industries including 19 

finance, technology, fuel production, insurance, and food/beverage companies but distributed 20 

agricultural supply chains make quantifying water use and impacts of CWS activities difficult. 21 

Here, we discuss opportunities and limitations of remotely sensed evapotranspiration (ET, the 22 

transfer of water vapor from the land surface into the atmosphere) data for CWS applications in 23 

agricultural landscapes. First, we identify five key principles for hydrologic analysis to support 24 

effective CWS: variables should be scientifically-appropriate, actionable, spatially consistent but 25 

locally tailored, impact-focused at a relevant operational scale, and reproducible and verifiable. 26 

Remotely sensed ET has potential relevance for many CWS activities including understanding 27 

risks, setting corporate commitments, quantifying historic conditions, and outcome 28 

monitoring/reporting. Most directly, remotely sensed ET methods provide a reproducible and 29 

verifiable input for calculating consumptive water use, which is the total ET of a crop within a 30 

period of time such as a growing season and is often related to total agricultural water use. 31 

Calculating irrigation applications and/or withdrawals requires accounting for additional 32 

processes beyond ET and therefore involves additional modeling or monitoring approaches. 33 

There are many opportunities for remotely sensed ET to be useful for CWS, as long as care is 34 

taken to focus on suitable applications and communicate uncertainty. 35 

Graphical Abstract: 36 

 37 

  38 
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1. Introduction 39 

Water resources are stressed worldwide, with an estimated 1.5 billion people and 17% of 40 

global food production located in areas with freshwater stress and water storage loss (Huggins et 41 

al., 2022), indicating a critical need to improve global stewardship of water resources. National 42 

and multi-national corporations are uniquely positioned to drive meaningful change in water 43 

management through environmental stewardship efforts due to their substantial economic and 44 

political influence (Folke et al., 2019; Österblom et al., 2022, 2015). Corporate water 45 

stewardship (CWS) is a broad term describing corporations’ assessment and management of 46 

water-related risks to their business and hydrologic impacts of their activities, including within 47 

their supply chain and sourcing regions (Hepworth and Orr, 2013; Jones et al., 2015; Rozza et 48 

al., 2013), and integrates closely with Environmental, Social, and Governance (ESG) and 49 

Sustainability reporting efforts. Within the context of these reporting efforts, CWS may occur in 50 

response to corporate disclosure expectations, investor pressure, and/or supply-chain risk 51 

management needs, and often take the form of place-based implementation of programs that are 52 

intended to improve local water resource conditions while meeting a corporation’s water 53 

commitments. 54 

Despite the global extent of water stress, the impacts of water use are largely felt within 55 

the watershed or aquifer where the water use occurs. The local nature of impacts requires local 56 

solutions, and places water stewardship in contrast to other global common pool resource 57 

management challenges such as greenhouse gas emissions, which affect the entire globe 58 

regardless of where emissions occur due to the well-mixed nature of the atmosphere (Cho et al., 59 

2026). However, while impacts of water use are primarily felt locally, many drivers of water use 60 

are global in nature such as international trade (Lenzen et al., 2013; Wiedmann and Lenzen, 61 

2018). For example, 45% of the agricultural products grown using water from the U.S. High 62 

Plains Aquifer are consumed outside of the states overlying the aquifer (Marston et al., 2015). 63 

This indirect export of water, in the form of water that is used to grow crops that are then 64 

exported, is referred to‘virtual water’ and creates complex global relationships between water, 65 

food, and trade through agricultural supply chains (D’Odorico et al., 2019; Pastor et al., 2019). 66 

Globally, 11% of nonrenewable groundwater use for irrigation goes to international food trade, 67 

and most of the world’s population lives in countries that import food crops from regions who 68 

are depleting groundwater resources (Dalin et al., 2017). Due to the global drivers and local 69 

impacts of water use, effective water stewardship requires integrating global goals with local 70 

water management solutions (Zipper et al., 2020).  71 

Well-designed CWS efforts by multinational corporations can generate local hydrologic 72 

benefits, and therefore CWS represents one approach to bridge global drivers of water use with 73 

local solutions. Agriculture is of particular interest to CWS efforts because irrigation is a 74 

widespread cause of water stress, as agriculture makes up ~70% of global water use (United 75 

Nations, 2026), and industries including food/beverage companies, finance, technology, and 76 

insurance affect and/or are affected by agriculture (Kapnick, 2026). For example, Silva (2024) 77 

https://www.zotero.org/google-docs/?I91uYB
https://www.zotero.org/google-docs/?I91uYB
https://www.zotero.org/google-docs/?VIxQjM
https://www.zotero.org/google-docs/?uj9PSy
https://www.zotero.org/google-docs/?uj9PSy
https://www.zotero.org/google-docs/?uj9PSy
https://www.zotero.org/google-docs/?5cTcR7
https://www.zotero.org/google-docs/?5cTcR7
https://www.zotero.org/google-docs/?9gDU13
https://www.zotero.org/google-docs/?9gDU13
https://www.zotero.org/google-docs/?AOByaD
https://www.zotero.org/google-docs/?bznfmW
https://www.zotero.org/google-docs/?apXo8k
https://www.zotero.org/google-docs/?MTWbVJ
https://www.zotero.org/google-docs/?w6hFcJ
https://www.zotero.org/google-docs/?w6hFcJ
https://www.zotero.org/google-docs/?q8Bd5M
https://www.zotero.org/google-docs/?junyvd
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highlights examples of corporate actions to improve water supply and safety by global 78 

companies including Coca-Cola, Unilever, and Toshiba. However, for CWS efforts within these 79 

industries to effectively translate global corporate risks and impacts to local solutions, CWS 80 

needs a firm, data-driven scientific foundation that is both hydrologically meaningful and can be 81 

effectively used by corporate procurement, sustainability, and reporting teams involved in CWS 82 

efforts (Freiberg et al., 2021; Vlachos and Aivazidou, 2018). 83 

Agricultural water use is one of the primary variables used for CWS efforts, but high-84 

quality agricultural water use data is notoriously challenging due to the widely distributed nature 85 

of irrigation practices and the lack of consistent guidelines for measuring and reporting (Marston 86 

et al., 2022). Consumptive water use is the flux of water from the land surface to the atmosphere 87 

as evapotranspiration (ET) over a period of interest such as a growing season of year. While 88 

consumptive water use is not equivalent to total agricultural water use due to factors such as 89 

irrigation efficiency (more details in Section 3.2), it can be a useful indicator of the amount of 90 

water leaving a region of interest such as a field, watershed, or aquifer and therefore has potential 91 

value for CWS efforts. One emerging data product that can accelerate the accurate and 92 

reproducible calculation of consumptive water use is remotely sensed evapotranspiration 93 

(RSET). Remote sensing methods offer a unique opportunity for landscape-scale ET monitoring 94 

since they often have continuous worldwide coverage and collect data at fine enough spatial 95 

resolution to resolve individual fields. Additionally, recent application-ready datasets such as 96 

OpenET (Melton et al., 2022) have lowered the barrier to obtain and use RSET data (specific 97 

RSET data sources are discussed in more detail in Section 3). However, RSET data has not yet 98 

seen widespread integration into CWS activities. 99 

Our goal is to identify opportunities for RSET to effectively support CWS activities to 100 

address local water resource challenges and reduce supply chain risk. To do so, we review 101 

current approaches to CWS in order to describe a common eight-stage lifecycle for CWS 102 

activities and identify key principles for hydrologic data to support stewardship decision-making 103 

and sustainability reporting. For effective use in CWS, hydrologic variables should be 104 

scientifically-appropriate, actionable, spatially consistent but locally tailored, impact-focused at a 105 

relevant operational scale, and reproducible and verifiable. We then assess where in the CWS 106 

lifecycle RSET can provide useful data. Based on this, we highlight types of applications where 107 

RSET is well-suited for use in CWS and areas where caution is merited. 108 

2. Corporate water stewardship activities and needs 109 

2.1 Current corporate water stewardship approaches 110 

 Water is included in many prevalent frameworks for ESG and Sustainability reporting. 111 

For example, the Global Reporting Initiative, which is used by a variety of Fortune 500 112 

countries, requires reporting on water use throughout a company’s supply chain (Global 113 

Reporting Initiative, 2018), and the European Union’s Corporate Sustainability Reporting 114 

Directive (CSRD) includes a variety of water-related metrics. To help meet these reporting needs 115 

https://www.zotero.org/google-docs/?eITSw8
https://www.zotero.org/google-docs/?0vq8h8
https://www.zotero.org/google-docs/?0vq8h8
https://www.zotero.org/google-docs/?7adY8Z
https://www.zotero.org/google-docs/?0QJnIx
https://www.zotero.org/google-docs/?0QJnIx
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and create opportunities for positive corporate influence on water resources, a wide variety of 116 

CWS frameworks have been developed. Here, we use ‘framework’ as a way to refer to a 117 

structure used for development of CWS efforts, which can then be operationalized by setting 118 

specific commitments, designing programs, and developing approaches for quantification.  119 

Efforts like the CEO Water Mandate and Alliance for Water Stewardship provide 120 

frameworks for companies to develop water stewardship plans, including suggestions about 121 

workflows and aspects of plans, but do not require or suggest any specific commitments, 122 

quantification approaches, or outcomes. There are also frameworks that are more prescriptive in 123 

their approach. For example, the Field to Market: Alliance for Sustainable Agriculture developed 124 

a set of sustainability metrics, which include a standardized approach for calculating irrigation 125 

water use sustainability based on the ratio of irrigation water applications to the yield benefits 126 

from irrigation. This approach provides a relatively simple calculator with minimal input data 127 

requirements, and the calculation prioritizes improvements in irrigation efficiency. However, 128 

efficiency-focused metrics are vulnerable to ‘rebound effects’ in which efficiency improves but 129 

the amount of water used for irrigation remains stable or increases since the metric may 130 

incentivize switching to more water-intensive, higher-yielding crops (Freire-González, 2019; 131 

Ghoreishi et al., 2021; Paul et al., 2019). Additionally, efficiency improvements can lead to 132 

reduced water availability locally or in downstream areas due to lost irrigation return flows 133 

(Glose et al., 2022; Kendy and Bredehoeft, 2006; Redaelli et al., 2026), or expansion of irrigated 134 

area as efficiency improvements increase farm profitability and conserved water can be 135 

repurposed elsewhere (Paul et al., 2019).  136 

Other frameworks that prescribe calculation methods include Volumetric Water Benefit 137 

Accounting (VWBA) and the Science-Based Targets for Nature (SBTN) initiative. VWBA is an 138 

approach in which the effectiveness of a water stewardship intervention is calculated as the 139 

difference between conditions “with” and “without” the project. This is a flexible framework that 140 

can be tailored to locally-important hydrologic variables and goals. However, many hydrologic 141 

variables potentially affected by agriculture are highly sensitive to year-to-year weather 142 

variability, including irrigation applications (Whittemore et al., 2023), and the impacts of 143 

pumping on streamflow (Zipper et al., 2022). As a result, isolating the impact of an intervention 144 

can be challenging and require either averaging over a wide-range of weather conditions 145 

(meaning that quantification is possible only years after the intervention is introduced) or a 146 

modeled counterfactual condition to simulate conditions without the intervention (which can 147 

introduce significant complexity to the calculations). SBTN similarly provides a standardized 148 

approach to assess pressures of corporate activities on water resources, with impacts assessed 149 

based on locally-designed hydrological benchmarks. While the current SBTN approach is largely 150 

focused on surface water resources, there are likely approaches to adapt it to groundwater 151 

resources as well. 152 

https://ceowatermandate.org/
https://a4ws.org/
https://fieldtomarket.org/
https://www.zotero.org/google-docs/?s9OzCm
https://www.zotero.org/google-docs/?s9OzCm
https://www.zotero.org/google-docs/?wGilZ3
https://www.zotero.org/google-docs/?ymsNEy
https://www.wri.org/research/volumetric-water-benefit-accounting-vwba-method-implementing-and-valuing-water-stewardship
https://www.wri.org/research/volumetric-water-benefit-accounting-vwba-method-implementing-and-valuing-water-stewardship
https://sciencebasedtargets.org/
https://www.zotero.org/google-docs/?knZcvr
https://www.zotero.org/google-docs/?YEPN3g
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2.2 Commonalities among corporate water stewardship approaches 153 

 The CWS frameworks discussed above encompass both more general and more 154 

prescriptive approaches, and differ in their specifics such as the variables calculated and the 155 

approach for setting commitments. Zooming out slightly, we generalize the various 156 

implementations of CWS efforts into a cycle of eight steps (Figure 1):  157 

1. Understanding risks and impacts, in which a corporation assesses both the water-related 158 

risks to its business operations and the ways that its business operations impact water 159 

resources. 160 

2. Framework development, in which a corporation determines what framework(s) it wants 161 

to use or develop for CWS and how it wants its stewardship activities to address risks and 162 

impacts. 163 

3. Setting corporate commitments, in which a corporation determines and commits to 164 

specific and quantifiable water-related goals, standards, or targets. 165 

4. Program design, in which a corporation identifies and works with local partners and 166 

stakeholders to develop programs that can help meet its commitments. 167 

5. Program implementation, in which a corporation supports or incentivizes partners to 168 

carry out the programs. 169 

6. Outcome monitoring, in which a corporation assesses the outcomes of the programs 170 

relative to its water stewardship commitments. 171 

7. Reporting and disclosure, in which a corporation shares information about its water 172 

stewardship commitments, programs, and outcomes with relevant groups including 173 

stakeholders, shareholders, boards, and others. 174 

8. Iterative refinement, in which a corporation revises its framework, plan, commitments, 175 

and programs based on results of past efforts and new information. 176 

These steps are bounded by a corporation’s sphere of influence, which includes its direct 177 

operations, supply chain, and shareholder interests. Additionally, throughout each of these steps, 178 

close integration with local stakeholders is critical to successful CWS efforts (Fraser and Kunz, 179 

2018), since ultimately the implementation of programs will be carried out and the outcomes will 180 

be experienced by these stakeholders. These stakeholders will vary substantially based on a 181 

corporation’s activities and supply chain, but may include state and federal agencies, water 182 

managers, researchers, other supply chain companies, non-governmental organizations (NGOs), 183 

and producers. 184 

https://www.zotero.org/google-docs/?EGvfIf
https://www.zotero.org/google-docs/?EGvfIf
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 185 
Figure 1. Overview of a common lifecycle for corporate water stewardship (CWS) approaches, shown as 186 

colored boxes corresponding to the eight steps described in the text. These CWS activities are bounded by 187 

the scope of a corporation’s direct operations, supply chain, and shareholder interests, and stakeholder 188 

involvement should be integrated into each step. Opportunities for RSET data at each step are shown in 189 

orbit around the Earth and discussed in the text. 190 

 191 

2.3 Need for hydrologic quantification to support corporate water stewardship 192 

Many of these steps require quantification of hydrologic variables such as streamflow, 193 

groundwater availability, or water use. For example, understanding risks and impacts (step 1) 194 

will typically require assessment of the current status of water resource availability and its 195 

response to corporate activities, while setting commitments (step 3) requires identifying 196 

hydrologic conditions that provide desired outcomes and are achievable from corporate activities 197 

(see Section 3 for a full overview of each step). For steps where hydrologic quantification is 198 

necessary, we suggest five principles for determining appropriate variable selection and 199 

calculation (Figure 2): 200 

1. Scientifically appropriate, meaning that the variables are reasonable indicators of the 201 

underlying hydrological and industrial processes they are intended to represent, and the 202 

variables can be accurately estimated with quantified uncertainties for incorporation into 203 

water stewardship. 204 
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2. Actionable, meaning that the corporation has the potential to make a meaningful 205 

difference in the processes or outcomes being evaluated, and those impacts can be 206 

effectively monitored.  207 

3. Spatially consistent and locally tailored, meaning that calculations should be done in a 208 

consistent way across space and time, but commitments and impacts should be reflective 209 

of local conditions (e.g., using 10 mm of water in a wet region is less impactful than 210 

using 10 mm of water in a dry region).  211 

4. Impact-focused at operational scale, meaning that variable(s) selected should be focused 212 

on environmental impacts that are trackable/integratable across the supply chain at the 213 

relevant spatial scale (such as a field), and should avoid incentivizing practice adoption 214 

without clear quantification of impacts. Additionally, impacts should be considered 215 

across scales to avoid unintended externalities (e.g., alterations to streamflow as a result 216 

of irrigation efficiency changes). 217 

5. Reproducible and verifiable, meaning that the input datasets and necessary calculations 218 

should be clearly described and reproducible by others to build trust.  219 

 220 
Figure 2. (a) Corporate water stewardship efforts often require quantifying hydrological processes in 221 

complex agricultural landscapes, with examples of distinct agricultural systems shown from the USA, 222 

Bolivia, Thailand, and Germany. Images public domain from NASA Earth Observatory (2006). (b) To do 223 

this, we suggest five principles of hydrologic quantification for integration into CWS efforts. 224 

 225 

These principles are largely consistent with broader literature focused on environmental 226 

decision support modeling. For example, seminal literature on groundwater decision support has 227 

described that management decisions inevitably requires locally-targeted, problem-specific 228 

model development that provides estimates of desired variables with uncertainty bounds that can 229 

be used for cost-benefit and trade-off analyses (Doherty and Moore, 2020; Doherty and 230 

Simmons, 2013). Similarly, the past decade has included a broad push towards ‘FAIR’ 231 

(Findable, Accessible, Interoperable, and Reusable’) data products to increase transparency and 232 

reproducibility of derived scientific products (Hall et al., 2022; Wilkinson et al., 2016), which 233 

has recently expanded to include increased focus on FAIR models (Hut, 2022; Reinecke et al., 234 

2022). In the agricultural realm, there is strong promise from recent digital innovations that 235 

https://www.zotero.org/google-docs/?ZDyfli
https://www.zotero.org/google-docs/?CPSofH
https://www.zotero.org/google-docs/?CPSofH
https://www.zotero.org/google-docs/?l7sNGF
https://www.zotero.org/google-docs/?9I3hYs
https://www.zotero.org/google-docs/?9I3hYs
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enable transparent and open tracking of data and products across supply chains (Meemken et al., 236 

2024). 237 

3. ET in agricultural landscapes 238 

3.1 Measuring and estimating ET using ground-based instrumentation 239 

ET is a particularly challenging variable to monitor. The most common methods to 240 

quantify ET using ground-based instrumentation deployed within agricultural fields are weighing 241 

lysimeters and the use of the eddy covariance (EC) approach applied to micrometeorological 242 

instrumentation deployed on flux towers (Alfieri et al., 2020; Hatfield et al., 2016). Weighing 243 

lysimeters are devices that are installed in the soil profile that (depending on design) measure the 244 

mass of water stored in the root zone and/or the movement of water in and out of the soil 245 

column, which can then be used to calculate ET using a water balance. EC towers measure the 246 

air’s water vapor content and vertical wind speeds many times per second, and use these data to 247 

compute the net upwards movement of water vapor. Therefore, both lysimeters and EC towers 248 

provide point-based calculations of ET, though with different spatial footprints. Lysimeters 249 

require extraction and re-installation of soil, and therefore typically have a coverage area less 250 

than 10 square meters. In contrast, EC towers measure a wider spatial footprint (hundreds to 251 

thousands of square meters) which varies based on the height of the EC tower, vegetation 252 

growing nearby, and wind direction/speed. Both EC towers and lysimeters are expensive to 253 

install, operate, and maintain, and therefore they are sparsely distributed relative to other types of 254 

hydrologic monitoring (e.g., streamflow gaging stations, rain gauges, groundwater monitoring 255 

wells). ET can also be indirectly estimated for a region using water balance approaches, in which 256 

ET is calculated as the residual of inflows of water (predominantly precipitation but can also 257 

include lateral inflows of water through the surface or subsurface), outflows of water (including 258 

streamflow and groundwater flow), and changes in storage (such as increases or decreases in 259 

groundwater and soil moisture storage). These approaches can be highly uncertain since many of 260 

these input variables, such as changes in groundwater storage, are also rarely known, and as a 261 

result water balance-based estimates of ET are often done over large areas and multiple years to 262 

average out variability in storage. Due to the challenges of directly measuring or calculating ET, 263 

agricultural applications often use reference ET (often abbreviated ET0 or ETR), which is the 264 

expected ET from a standardized well-watered land cover such as grass or alfalfa based on 265 

meteorological conditions. Reference ET can then be scaled to specific crops using coefficients 266 

that vary based on growth stage. This approach is useful for estimating ET, but often struggles 267 

when crops experience stress. A full overview of ET-related terms and definitions is available in 268 

(ASCE Environmental and Water Resources Institute, 2025). 269 

3.2 ET-derived variables relevant to CWS 270 

CWS activities may affect various components of hydrological or agricultural systems. 271 

For example, CWS efforts related to agriculture are often intended to address impacts of 272 

irrigation for crop production, which can include groundwater declines (Deines et al., 2020; 273 

https://www.zotero.org/google-docs/?a6wvFm
https://www.zotero.org/google-docs/?a6wvFm
https://www.zotero.org/google-docs/?nXQSzz
https://www.zotero.org/google-docs/?sS4qCN
https://www.zotero.org/google-docs/?tlExvW
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Scanlon et al., 2012; Wada et al., 2010), streamflow depletion (Barlow and Leake, 2012; Zipper 274 

et al., 2024a, 2026), and harm to groundwater-dependent ecosystems (Brown et al., 2011; 275 

Huggins et al., 2023; Rohde et al., 2017). To mitigate these impacts, CWS efforts often focus on 276 

maintaining or maximizing crop production while minimizing water extractions. The specific 277 

variables of importance depend on local considerations, including the source of water used for 278 

irrigation (surface water or groundwater), the degree of connectivity between the stream and the 279 

aquifer system, climatic conditions, and typical agricultural practices and markets.  280 

While ET is rarely the subject of a direct commitment for CWS programs, ET is strongly 281 

influenced by human activities such as irrigation and therefore highly relevant for many CWS 282 

efforts. For agriculture, which is the largest global user of water, there are several closely related 283 

concepts (Figure 3):  284 

● Irrigation water withdrawals are the amount of water removed from a groundwater or 285 

surface water system at the spatial resolution of a point of diversion, such as a 286 

groundwater well or irrigation canal. Irrigation water withdrawals are most often 287 

expressed in units of volume, such as cubic meters or acre-feet. 288 

● Irrigation water applications are the amount of water put on a field by an irrigation 289 

system. Irrigation water applications are quantified at the spatial resolution of a place 290 

of use, such as an irrigated field, and are most often expressed in units of depth, such 291 

as mm or inches. Applications differ from withdrawals due to potential irrigation 292 

system losses, such as conveyance issues, and based on the area in which the 293 

irrigation water is used.  294 

● Consumptive water use is typically defined as the amount of water evapotranspired 295 

over a period of interest (such as a growing season). Consumptive water use can 296 

therefore be quantified directly from ET data at any spatial scale where ET data are 297 

available, and is a relevant parameter for both rainfed or irrigated agriculture. In 298 

irrigated fields, consumptive water use differs from irrigation water applications in 299 

that consumptive water use also includes ET derived from rainfall, and subtracts out 300 

any losses of irrigation water to processes such as runoff, deep percolation beyond the 301 

root zone, or changes in soil moisture storage.  302 

Irrigation water withdrawals and applications can be directly measured using flowmeters 303 

attached to irrigation systems, either at the point of diversion (for withdrawals) or the place of 304 

use (for applications). However, flowmeter data are rarely available (Foster et al., 2020), can be 305 

subject to reporting errors, and generating accurate data requires calibration and verification of 306 

flowmeter accuracy. Additionally, flowmeter data provides information based on the location 307 

that water is extracted from a river or groundwater, and can be difficult to link to specific places 308 

of use such as fields (Earnhart and Hendricks, 2023; Ott et al., 2024; Zipper et al., 2024b). This 309 

combination of factors makes flowmeter data challenging to scale within CWS efforts, even 310 

where data are available.  311 

https://www.zotero.org/google-docs/?tlExvW
https://www.zotero.org/google-docs/?OnF4eg
https://www.zotero.org/google-docs/?OnF4eg
https://www.zotero.org/google-docs/?2Das99
https://www.zotero.org/google-docs/?2Das99
https://www.zotero.org/google-docs/?PFftT1
https://www.zotero.org/google-docs/?6i1tqN
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Depending on the specific goals of CWS efforts and hydrological context where 312 

programs are taking place, any or all of these three variables may be relevant. For example, in 313 

areas where the water table is shallow, irrigation applications in excess of consumptive use can 314 

quickly return to the aquifer as irrigation return flows if other water losses such as runoff are 315 

minimal (Redaelli et al., 2026), which means that the net water balance of the aquifer may be 316 

more strongly determined by consumptive water use than irrigation water withdrawals. However, 317 

these return flows can degrade water quality. In contrast, in settings where the water table is deep 318 

it can take decades for changes in irrigation efficiency to alter aquifer inflows (Glose et al., 319 

2022), meaning that irrigation water withdrawals are the strongest control over the water balance 320 

of the aquifer (Butler et al., 2023). Ultimately, these local considerations related to hydrological 321 

conditions should determine which variable(s) must be quantified as part of CWS development, 322 

including understanding impacts, program design/implementation, and outcome 323 

monitoring/reporting (Figure 3; more details about each step in Section 4). 324 

 325 
Figure 3. Conceptual diagram showing key hydrologic fluxes relevant to agricultural CWS activities. 326 

Irrigation water withdrawals, irrigation applications, and consumptive use, which are discussed as closely 327 

linked to RSET data, are labeled in red. Other fluxes relevant to CWS efforts are also included. 328 

 329 

3.3 Remotely sensed ET (RSET) overview and accuracy 330 

Remote sensing methods are an additional indirect approach to quantifying ET that rely 331 

on data collected from satellites or aircraft (Hatfield et al., 2016) and can be calculated at a 332 

variety of different spatial scales and resolutions (McCabe and Wood, 2006). While remotely 333 

sensed data can be used to quantify many aspects of the water cycle, including streamflow, 334 

reservoir storage, and groundwater levels, here we focus specifically on ET. Two key concepts 335 

related to RSET data are spatial resolution, which describes the size of each measurement pixel, 336 

https://www.zotero.org/google-docs/?wAx5U0
https://www.zotero.org/google-docs/?CBFjwd
https://www.zotero.org/google-docs/?CBFjwd
https://www.zotero.org/google-docs/?v5N49B
https://www.zotero.org/google-docs/?hOpqvj
https://www.zotero.org/google-docs/?jLxOy1
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and spatial coverage, which describes the total extent of data available from that RSET source. 337 

CWS activities often require fine spatial resolution (such as individual fields or management 338 

zones within large fields) to identify the impacts of management activities, and extensive spatial 339 

coverage (such as supply sourcing regions, aquifers, or watersheds) to span a corporation’s area 340 

of interest. RSET approaches that rely on satellite data from sensors such as Landsat and Sentinel 341 

provide both a spatial resolution and coverage extent that is well-aligned with these goals. Each 342 

satellite-based dataset has its own unique spatial and temporal coverage and resolution, and 343 

RSET approaches often integrate data from multiple satellites along with gridded meteorology, 344 

topography, and land cover datasets. Since RSET data are based on satellites which collect data 345 

over vast regions, RSET data is highly scalable and can track impacts at the resolution of 346 

individual fields (30 - 100 m), with potential for reproducibility where open source models and 347 

processing algorithms are shared (Table 1). However, RSET has historically had a high barrier to 348 

entry in terms of technical knowledge and data requirements given the complex processing 349 

approaches needed to derive ET from satellite data. 350 

There are numerous existing RSET products available from sources including 351 

governments, research agencies, and universities. For example, the MODIS satellite provides a 352 

global map of ET every 8-days at 500 m resolution through the MOD16A2 product, and the U.S. 353 

Geological Survey has provided estimates of ET across the continental U.S. (Senay et al., 2025). 354 

There are also publicly-released algorithms that can be used to calculate ET directly from 355 

remotely sensed data (after integration with other necessary input datasets such as ground-based 356 

meteorology), including TSEB (Anderson et al., 2024), METRIC (Allen et al., 2007), HRMET 357 

(Zipper and Loheide, 2014), SEBAL (Bastiaanssen et al., 1998), and S-SEBI (Basit et al., 2018).  358 

One RSET product that has recently experienced increasing uptake is OpenET. OpenET 359 

is a platform providing daily calculations of ET from six different algorithms as well as an 360 

ensemble mean at 30 m spatial resolution over the continental U.S. (Melton et al., 2022). 361 

Algorithms included in OpenET are ALEXI/DisALEXI (Anderson et al., 2018, 2007), 362 

eeMETRIC (Allen et al., 2011, 2007, 2005), geeSEBAL (Bastiaanssen et al., 1998; Laipelt et al., 363 

2021), PT-JPL (Fisher et al., 2008), SIMS (Melton et al., 2012; Pereira et al., 2020), and SSEBop 364 

(Senay, 2018; Senay et al., 2013). To compute ET, OpenET integrates a variety of datasets 365 

including satellite remote sensing data from multiple platforms, gridded meteorological data, 366 

topography, soil information, and land use. In addition to ET, OpenET also provides supporting 367 

datasets such as precipitation, reference ET (ET0), and the Normalized Difference Vegetation 368 

Index (NDVI), which is an indicator of vegetation greenness. Since OpenET integrates multiple 369 

models and provides application-ready data, it lowers the barrier to entry for use of RSET data 370 

for hydrologic studies and CWS programs, and therefore we focus much of our discussion of 371 

accuracy around this RSET data source, though the opportunities and limitations we discuss are 372 

broadly true regardless of RSET data source.  373 

Published accuracy assessments for OpenET data have relied on comparisons to EC 374 

towers and regional water balance assessments, which is typical for evaluation of other RSET 375 
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methods globally (Tran et al., 2023). Specifically for croplands, Melton et al. (2022) and Volk et 376 

al. (2024) conducted the most comprehensive accuracy assessments of OpenET via comparison 377 

with EC towers. Across 66 cropland sites (combined between the two studies), they reported a 378 

mean absolute error (MAE) in the ~15-20 mm/month range, which corresponds to ~16-17% of 379 

mean observed monthly ET at these sites, while growing season and water year totals of 380 

ensemble ET had MAE 11% to 13% of mean ET at the cropland sites. These large-scale 381 

assessments are broadly consistent with regional assessments, such as Huntington et al. (2022) 382 

who found that OpenET’s estimates were within 15% for the Upper Colorado River Basin, Purdy 383 

et al. (2024) who found a monthly MAE that was 17% of the cropland mean in the Utah portion 384 

of the Colorado River Basin, and Knipper et al. (2024) who found a monthly MAE of 23.2 mm 385 

for observations than spanned from ~0-300 mm/mo for almond orchards in California. In 386 

irrigated maize production systems in Texas, Stöckle et al. (2025) compared OpenET data to ET 387 

calculated from root zone lysimeters and found relatively good agreement across the whole 388 

growing season, but noted that ET from OpenET was lower than ET from the lysimeters during 389 

the middle of the growing season. OpenET performance was generally worse for non-cropland 390 

land covers such as forests, grasslands, and wetlands, with total growing season MAE of the 391 

ensemble ET ranging from ~51-135 mm in comparison to flux towers, which corresponds to 392 

~22-37% of the observed mean for EC towers used (Volk et al., 2024). Across all land covers, 393 

developing performance-weighted ensembles, which give relatively greater importance to 394 

models that perform better in certain settings, have been shown to improve agreement with flux 395 

tower data across all land covers (Reitz et al., 2025).  396 

Summarized across these different accuracy assessments, there are a few general patterns 397 

that can inform potential use of OpenET data in CWS activities. First, the calculated ET from 398 

OpenET is well-correlated with EC data for croplands, with seasonal to annual accuracy within 399 

~12% of observations and a slope between ~0.95 and 1.05 depending on algorithm used. Second, 400 

the OpenET ensemble mean provides reasonable performance and should be preferred over any 401 

individual model unless a local accuracy assessment suggests otherwise. Third, agreement 402 

between OpenET-calculated ET and EC ET is better for agricultural lands than natural 403 

vegetation. Finally, agreement between OpenET and validation datasets generally improves 404 

when the data are averaged over longer time periods (i.e., monthly or total growing season 405 

agreement is better than daily agreement). Overall, RSET approaches generally have a suitable 406 

spatial resolution and coverage for integration with other datasets to carry out the hydrologic 407 

quantification necessary for some CWS activities, and by providing application-ready data 408 

following open science principles, OpenET provides a straightforward entry point to the 409 

application of this data.  410 

4. Opportunities and limitations for RSET within CWS lifecycle 411 

This section critically assesses the potential role for RSET data within the CWS lifecycle 412 

(Figure 1). Section 4.1 identifies opportunities where RSET data can be helpful at each phase of 413 
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the CWS lifecycle. Section 4.2 assesses the alignment of RSET with principles for hydrologic 414 

quantification (Table 1) and discusses approaches for local accuracy assessment. Section 4.3 415 

discusses potential limitations and applications where caution is merited.  416 

4.1 Opportunities for RSET within CWS lifecycle 417 

4.1.1 Understand risks and impacts 418 

Water-related risks arise when a corporation has exposure to some sort of water-related 419 

hazard. For agricultural applications, CWS risks may include hazards related to insufficient 420 

water (e.g., groundwater or surface water depletion, droughts) or excessive water (e.g., flooding, 421 

waterlogging), while exposure may take the form of a corporation’s activities (either their direct 422 

operations or supply chain) being in a region affected by these sorts of hazards. Water-related 423 

impacts in agricultural landscapes include changes in groundwater, streams, wetlands, and other 424 

ecosystems caused by agriculture-driven changes to the water cycle. These water cycle changes 425 

can be driven by direct water use for irrigation as well as changes to hydrologic fluxes such as 426 

runoff or groundwater recharge relative to non-agricultural land cover (Figure 3). Risks and 427 

impacts are often interlinked, since water impacts (e.g., water use) can contribute to increased 428 

hazards (e.g., by depleting groundwater or surface water resources).  429 

Understanding risks and impacts typically requires quantification of the current status of 430 

water resources and the dominant factors influencing water resources in an area of interest such 431 

as a supply region. While hydrologic variables such as precipitation and streamflow are generally 432 

well-monitored (though monitoring gaps remain, in particular for non-perennial rivers; 433 

Krabbenhoft et al., 2022), ET is challenging to measure at regional scales (Hatfield et al., 2016) 434 

and there is often little data on groundwater conditions or water use (Marston et al., 2022). By 435 

providing ET data, RSET can be integrated with other hydrological datasets such as precipitation 436 

and streamflow to develop a holistic quantification of the water balance, which is important to 437 

understand risks such as regional water scarcity. This can then be used to assess impacts, such as 438 

groundwater or streamflow depletion, and risks, such as areas where water supply is insufficient 439 

to meet current or future demands. 440 

For impact assessment, RSET data can provide direct estimates of consumptive use 441 

(Duan et al., 2026). RSET data from OpenET has accuracy of ~12% in agricultural land covers at 442 

the annual scale (Volk et al., 2024), which is the typical temporal resolution for CWS activities. 443 

However, RSET-based consumptive water use data should not be considered equivalent to total 444 

irrigation water withdrawals or applications, as discussed in Section 3. Estimating irrigation 445 

water applications or withdrawals requires additional modeling, in which RSET can be a 446 

valuable input dataset (Brookfield et al., 2024; Filippelli et al., 2022; Foster et al., 2020; Ji et al., 447 

2025; Ott et al., 2024; Zipper et al., 2024b). Nevertheless, estimates of either consumptive use 448 

(directly from RSET data) or irrigation water applications/withdrawals (through RSET-supported 449 

modeling efforts) can provide information for corporations to understand risks to and impacts of 450 

their activities and supply chains. 451 
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4.1.2 Develop framework 452 

Framework development requires a corporation determining how they would like to 453 

prioritize their CWS activities based on their risks and impacts. As a result, this step in the 454 

process likely would not directly involve RSET data, but it would rely on the findings from Step 455 

1, which may include RSET data. For example, an assessment of impacts may determine that a 456 

corporation’s supply chain has an outsized footprint in a sourcing area where consumptive use 457 

exceeds water available, which could guide CWS frameworks to prioritize reducing impacts in 458 

these high-risk areas. 459 

4.1.3 Set corporate commitments 460 

RSET data can support corporations in determining and committing to specific and 461 

quantifiable water-related stewardship goals through multiple mechanisms. First, through the 462 

assessment of the regional water balance (see Section 4.1.1), commitments to corporate water 463 

stewardship can be set that reduce or eliminate undesirable imbalances in the water budget. For 464 

example, if there has been a concerning decrease in streamflow over time, RSET data can assess 465 

if and whether that has been associated with an increase in consumptive water use. If evidence 466 

suggests a strong interconnection between streamflow and consumptive water use, a corporation 467 

could make a commitment to reduce supply chain consumptive water use or enhance available 468 

water supplies (sometimes termed ‘hydrological offsets’, e.g., through enhanced groundwater 469 

recharge) of a magnitude that would alleviate the streamflow deficit. Second, in irrigated 470 

settings, consumptive water use is an indicator for the minimal water needed to support the 471 

current land use at its current levels of productivity. Therefore, regional consumptive use 472 

estimates can, after accounting for precipitation variability, be used to identify feasible levels of 473 

irrigation that can support current cropping systems. These levels can be adopted as part of a 474 

more comprehensive corporate stewardship goal on consumptive water use for agricultural 475 

production which could then be used to target reductions in system losses (leaky irrigation 476 

systems, overirrigation leading to deep percolation or runoff, etc.). Third, at the field-scale, 477 

RSET data can be used to calculate baseline consumptive use for a location. These baselines can 478 

provide a reference point that can then be used to reduce consumptive water use by a certain 479 

percentage. 480 

However, an important caveat is that matching irrigation applications to total 481 

consumptive water use merely means that a field or region is using water efficiently, which does 482 

not necessarily equate to a desirable level of water use. Even efficient water use can have 483 

impacts on water resources, for example via streamflow or groundwater depletion (Butler et al., 484 

2018; Lapides et al., 2022; Zipper et al., 2022). While some regions have found that irrigation 485 

efficiency improvements can lead to meaningful reductions in agricultural water use (Cameron-486 

Harp and Hendricks, 2025; Deines et al., 2021, 2019; Orduña Alegría et al., 2024), elsewhere 487 

efficiency improvements have led to a ‘rebound effect’ where water savings are reallocated 488 

elsewhere and overall water use does not decrease or even increases through expansion of the 489 
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total irrigated area (Freire-González, 2019; Ghoreishi et al., 2021; Paul et al., 2019), potentially 490 

exacerbating water supply risk. Additionally, water efficiency improvements can reduce 491 

groundwater recharge from water that percolates below the bottom of the root zone, which is 492 

often referred to as irrigation return flows or irrigation-enhanced recharge (Glose et al., 2022; 493 

Kendy and Bredehoeft, 2006; Walker et al., 2020). Large water withdrawal reductions have been 494 

observed from shifts from flood to more efficient center-pivot irrigation systems (Cameron-Harp 495 

and Hendricks, 2025), suggesting that efficiency-driven gains are often associated with reduced 496 

irrigation return flows. If recharge is reduced due to a shift to higher-efficiency practices, it can 497 

lead to water shortages for other users or surrounding groundwater-dependent ecosystems that 498 

may have relied on recharge from irrigation (Kendy and Bredehoeft, 2006). Therefore, 499 

commitments should extend beyond maximizing efficiency to develop a holistic understanding 500 

of ways to reduce pressure on water resources. 501 

4.1.4 Design programs 502 

Program design involves identifying actions that can achieve the commitments set in step 503 

3, and therefore requires developing relationships between management actions and hydrological 504 

outcomes. RSET data could help identify pathways to meet commitments through comparison of 505 

the impacts of different land use, cover, or management practices (alterations to irrigation 506 

practices, shifting to less water-intensive crops, implementing soil health or regenerative 507 

agricultural practices, etc.) on consumptive water use. For example, Asarian et al. (2025) used 508 

RSET data to compare consumptive use changes during irrigation curtailment. Comparing 509 

consumptive use across land uses or management practices can provide a simple approach for 510 

determining what types of actions can achieve a corporation’s commitments.  511 

For more complex analyses, hydrological models capable of simulating the response of 512 

processes such as streamflow and groundwater dynamics to different climate or management 513 

scenarios are a critical tool to design appropriate programs that can achieve commitments. 514 

Historically, hydrological models have been calculated by matching simulation output to 515 

observed streamflow or groundwater levels, with ET estimated as either a direct model input or 516 

as part of the process of estimating groundwater recharge (Foster et al., 2021; Hoekema et al., 517 

2025; Kniffin et al., 2020). RSET data can enhance hydrological modeling through two 518 

approaches. In models where ET is an input, RSET can provide improved spatial and temporal 519 

resolution and coverage of model input data. In models where ET is an output, RSET data can be 520 

used as an additional calibration variable, which is valuable since calibration to multiple 521 

hydrologic variables generally improves model performance (Stisen et al., 2018). ET can be 522 

uniquely valuable because it provides a representation of a land surface process that typical 523 

model calibration targets like streamflow and groundwater levels do not directly measure 524 

(Enemark et al., 2019), and therefore helps to constrain aspects of model behavior related to 525 

water partitioning at the land surface (Beven, 2006). For both input data and calibration 526 

purposes, the uncertainty of RSET data can be incorporated into the simulation output to provide 527 

estimates of overall model uncertainty for variables of interest. 528 
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4.1.5 Implement programs 529 

Once programs are designed, RSET tools can assist in implementation by supporting 530 

effective water management practices. For example, if the corporation makes commitments to 531 

either reduce supply chain consumptive water use or replenish water resources (e.g., through 532 

enhanced groundwater recharge) by a certain amount, then RSET data can support these 533 

programs through multiple pathways. To reduce consumptive use, RSET data can help support 534 

crop selection via quantification of consumptive use among different crop types (discussed in 535 

Section 4.1.4), or support more efficient irrigation management through the integration with 536 

other datasets to provide irrigation scheduling support. For replenishing water resources, RSET 537 

data can help quantify basin-scale water budgets (discussed in Section 4.1.1) to determine 538 

meaningful volumes of water for replenishment to achieve goals. 539 

4.1.6 Monitor outcomes 540 

RSET data is useful for outcome monitoring in many of the same ways it can be used for 541 

understanding risks and impacts (Section 4.1.1). For example, RSET data can be an input to 542 

regional water balance assessments or field-scale quantification of impacts from CWS activities. 543 

To extend beyond water balance accounting, RSET data can be used to calculate the water 544 

productivity of consumptive use, which is a measure of how much crop yield benefit is obtained 545 

per unit of water evapotranspired (e.g., kcal per mm of water, bushels per acre-inch, etc.). Where 546 

data on crop productivity are available, water productivity of consumptive use can be calculated 547 

as an indicator of the beneficial agricultural water use and help prioritize which practices may be 548 

generating the most crop production per unit of water (Wong et al., 2026). 549 

Where commitments relate to land use or land cover, RSET data can provide a 550 

particularly effective approach for detecting the extent and timing of irrigation by identifying 551 

where ET exceeds the supply of water from precipitation. Since irrigated extent is one of the 552 

primary determinants of overall regional irrigation water use (Wei et al., 2022), developing 553 

refined maps of irrigated extent can be a valuable tool to improve estimates of total irrigation 554 

water use and how it changes in response to CWS activities at a scale such as a watershed, 555 

aquifer, or management district. This is likely most feasible in semi-arid to arid climates where 556 

irrigated lands are more evidently different than rainfed fields in satellite imagery (Xu et al., 557 

2019). Since land stewardship can often require calculating agricultural footprints, using RSET 558 

data to help improve monitoring of irrigated acreage for supporting corporate land and water 559 

stewardship goals. 560 

4.1.7 Reporting and disclosure 561 

When combined with open science principles and open data policies, RSET data can 562 

support reporting and disclosure through the reproducible and verifiable development of 563 

automated and well-documented workflows for the outcome monitoring steps described above. 564 

For example, water consumption and water resource availability are common variables that need 565 
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to be reported on for the water stewardship efforts described in Section 2.1. This is often 566 

challenging in agricultural landscapes since water use is rarely measured and reported in a 567 

standardized way, as discussed in Section 3.2. Since many RSET products are available with 568 

field-scale spatial resolution and regional coverage, they can be incorporated into these reporting 569 

efforts by providing estimates of consumptive water use and assessing the regional-scale water 570 

balance, as described in Section 4.1.1, which can then be aggregated within a company’s supply 571 

chain to quantify the total consumptive water use of their agricultural footprint. Since many 572 

RSET products, such as OpenET, have publicly available outputs and open source algorithms 573 

and follow open science principles, they can be used to track these variables in a reproducible 574 

way across a corporation’s supply chain as needed. Ultimately, this can provide a basis for 575 

credible and region-specific estimates of consumptive water use for products across a 576 

corporation’s distributed agricultural supply chain, facilitating transparent CWS, ESG, and 577 

sustainability reporting. 578 

4.1.8 Iterative refinement 579 

Iterative refinement encompasses the re-evaluation and modification of the other seven 580 

steps, and therefore the opportunities discussed above apply to this step. Since the necessary 581 

satellite and meteorological input datasets for RSET data are being continuously collected, 582 

datasets such as OpenET are continuously updating their products, and new RSET algorithms 583 

and modeling approaches are being developed, RSET is well-suited for continuous integration, 584 

evaluation, and refinement of CWS plans. 585 

4.2 Alignment with quantification principles and use-specific accuracy assessment  586 

Overall, integration of RSET into CWS programs is well-aligned with the key principles 587 

for hydrologic quantification (Table 1). Generally, RSET data is scientifically appropriate for 588 

applications related to quantifying the terrestrial water cycle, and therefore closely linked to 589 

CWS activities that affect land use, cover, and management. As noted above, use-specific 590 

accuracy and uncertainty assessments should be integrated into these efforts. RSET data are also 591 

actionable because ET can be influenced by management activities such as changes in irrigation 592 

water use, land management, crop type, or efficiency gains (Figure 3), and therefore corporations 593 

can incentivize actions that alter ET in agricultural landscapes. These tools are impact-focused, 594 

since changes in ET quantify an impact of human alterations to the water cycle in response to a 595 

practice, rather than just documenting the practice itself without quantification of impacts. 596 

Furthermore, RSET data can be generated at an operational spatial scale since many RSET 597 

products, such as OpenET, can be calculated at the resolution of individual management zones 598 

within fields (> 30 m) where practices are implemented and therefore impacts can be tracked 599 

across the supply chain. RSET data are spatially consistent but locally tailored, as they typically 600 

use a consistent calculation approach across space and time, and approaches can be modified or 601 

calibrated when sufficient local data are available to improve accuracy (Reitz et al., 2025). 602 
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Finally, RSET data can be reproducible and verifiable where open-science workflows are used, 603 

and many RSET products, such as OpenET, have publicly available outputs and algorithms. 604 

In addition to alignment with the key principles, the utility of RSET in any particular 605 

CWS program is likely to depend on the accuracy of the data relative to program needs and 606 

whether or not alternative options are available and appropriate. For instance, well flowmeters 607 

can be quite accurate for measuring groundwater abstraction, but may not be available in many 608 

circumstances (Foster et al., 2020; Marston et al., 2022) or adequate for estimating consumptive 609 

use due to uncertainty regarding return flows (Deines et al., 2021; Glose et al., 2022; Walker et 610 

al., 2020). Other data sources may exhibit low relative errors, such as streamflow or groundwater 611 

levels, but may not be appropriate CWS evaluation tools when the effects of CWS activities are 612 

small relative to other processes or drivers of change.  613 

Because RSET accuracy varies by region and land use, local evaluation of RSET is 614 

recommended to ensure that the data are sufficiently reliable for CWS goals and acceptable to 615 

key stakeholders. This could be done, for example, by comparing whatever RSET-based 616 

hydrological variables are being used (such as estimated irrigation applications) to observational 617 

data to quantify the program-specific accuracy and uncertainty for the specific variables and 618 

workflows used for CWS efforts. Such tests can also provide an opportunity for corporate 619 

engagement with knowledgeable stakeholders such as management districts, researchers, and 620 

consultants working locally. Where a holistic accuracy assessment is infeasible, other types of 621 

local checks could involve comparing RSET rates among land covers and to typical water use 622 

practices in the region, evaluating simple water balance metrics such as the ratio of ET to 623 

precipitation, and getting feedback from stakeholders that calculated values are reasonable. In 624 

these cases, since program-specific uncertainty estimates would not be available, a presumptive 625 

uncertainty could be adopted from published accuracy assessments. For example, OpenET’s 626 

published accuracy assessments report that total growing season or annual ET can be considered 627 

accurate within ~12% for croplands (Volk et al., 2024) and less reliable for non-agricultural land 628 

covers, while other studies have reported accuracy of OpenET and other RSET algorithms 629 

locally. Once the most appropriate accuracy assessment is complete, errors can then be carried 630 

through whatever calculation procedures are done to report CWS findings in terms of estimates 631 

and their confidence intervals. 632 

4.3 Applications of RSET where caution is merited 633 

There are certain types of analyses that may be useful for CWS efforts, but for which 634 

RSET data are not well-suited and alternate approaches would be recommended. 635 

4.3.1 Monitoring changes in irrigation efficiency and calculating water productivity of applied 636 

water 637 

One practice with widespread investment is irrigation efficiency improvements, typically 638 

with the goal of reducing the total volume of water that is used for irrigation. RSET can be useful 639 
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for calculating consumptive water use and estimating total irrigation water applications or use. 640 

However,  changes in the volume of applied water resulting from efficiency gains are 641 

challenging to monitor with RSET. Generally, more efficient irrigation leads to a decrease in 642 

water applications while maintaining a consistent level of ET and associated consumptive use by 643 

minimizing water lost to deep percolation and runoff. Therefore, the primary hydrologic changes 644 

resulting from efficiency improvements are not directly measured by RSET data. For settings 645 

where irrigation applications or irrigation withdrawals are the primary hydrologic variable that 646 

needs to be quantified, RSET may fail to characterize their response to irrigation efficiency 647 

practices since these primarily impact non-ET components of the water balance. Similarly, it is 648 

impractical to calculate changes in water productivity of applied water (calculated as yield 649 

divided by irrigation applications) due to challenges in estimating irrigation water use. For 650 

quantifying irrigation applications, the best possible data would be reported data from calibrated 651 

totalizing flowmeters at the place of use, but these types of data are rare and challenging to scale 652 

as discussed above (Foster et al., 2020). In this case, a recommended approach to develop 653 

regional-scale irrigation efficiency or water productivity estimates may be to integrate RSET into 654 

a locally-calibrated crop modeling framework that can simulate other aspects of the water 655 

balance (Deines et al., 2021). Alternatively, CWS efforts could support site-specific monitoring 656 

such as the installation of flowmeters in order to develop locally-relevant water use datasets. 657 

4.3.2 Applications in places/times with few cloud-free images 658 

Satellite image frequency and quality should be carefully considered before application. 659 

The current workhorse data behind many field-scale RSET products is Landsat, which is a series 660 

of satellites launched beginning in 1972 (currently, both Landsat 8 and Landsat 9 are orbiting). 661 

Each Landsat satellite covers the globe every 16 days, so when two satellites are orbiting 662 

simultaneously, data can be obtained every 8 days at best. However, no useful Landsat data can 663 

be obtained when there is cloud cover over a location, and there are historical periods where only 664 

a single satellite was orbiting (prior to 1999 and in 2012; Purdy et al., 2024), and therefore 665 

during these years there are less frequent satellite data available and even a single cloud-covered 666 

image would lead to a 32 day period between data collection. Since seasonal to annual totals of 667 

RSET require interpolation or estimation between image collection dates, caution should be 668 

taken when cloud-free Landsat overpasses are infrequent, which may include certain years (prior 669 

to 1999 or during 2012) and in frequently cloudy locations. RSET datasets that fuse data from 670 

multiple satellites, for example MODIS or Sentinel-2, that have different overpass timing and 671 

frequency may be better-suited for avoiding these issues. Regardless of data source, an 672 

assessment of the underlying image availability and reliability is critical. Purdy et al. (2024) 673 

recommend that consumptive use estimates from months with < 1 clear-sky image should not be 674 

used.  675 
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4.3.3 Places and times where RSET data are unavailable 676 

RSET data are not evenly distributed in space and time. For example, OpenET is 677 

available only for the continental U.S. starting in October 1999. Therefore, OpenET is not usable 678 

for CWS activities that occur in the distant past or in locations outside the U.S., at present. In 679 

contrast, MODIS ET data are available globally at a spatial scale of 1 km, but also unavailable 680 

prior to 2000. Attempting to extrapolate information derived from RSET (for example, 681 

differences in consumptive water use among practices) outside the space or time domain being 682 

measured should be avoided. Future RSET developments are likely to increase the spatial and 683 

temporal coverage of available products, though there is a fundamental limitation to how far 684 

back in time RSET data can extend due to the timing of historic satellite data acquisition. 685 

5. Example application frameworks 686 

Since CWS frameworks are wide-ranging, there are numerous ways that RSET data can 687 

situate effectively within CWS programs and take advantage of the strengths above. Below, we 688 

briefly describe two hypothetical examples where RSET data, in combination with other 689 

datasets, can be integrated into the CWS lifecycle to support different goals (Figure 4). 690 

Reducing water use: A corporation relies on crops produced in a heavily-stressed aquifer as a 691 

major component of their supply chain, and worries that water supply risks in the production area 692 

may translate to supply chain risks for its business operations.  693 

● Understanding risks and impacts: The corporation can use RSET data, combined with 694 

other datasets such as precipitation, groundwater levels, or streamflow, to estimate the 695 

current status of water resources in its supply chain region and key drivers of any 696 

imbalances that may create stress. RSET data can then be used to map the agricultural 697 

footprint and consumptive water use of its supply chain and total consumptive water use. 698 

These analyses will quantify the corporation’s current risk exposure and how much their 699 

agricultural supply chain is impacting groundwater levels. 700 

● Setting corporate commitments: Based on the consumptive water use estimates, the 701 

corporation can make commitments for reducing supply chain consumptive water use, 702 

irrigation applications, and/or irrigation withdrawals to bring the local water budget into 703 

balance. Depending on the proportion of regional agricultural operations within the 704 

supply chain and aquifer characteristics, these commitments could be calculated to slow 705 

or halt regional groundwater decline. 706 

● Design and implement programs: The corporation can work with implementing partners 707 

and producers on local program design. Opportunities could include identifying where 708 

producer-reported irrigation is high relative to RSET-estimated consumptive use and 709 

target areas for irrigation efficiency improvements, or estimating differences in 710 

consumptive use of different types of irrigated crops and incentivizing switching to lower 711 

water use crops that are compatible with their supply chain needs. RSET data can also be 712 
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integrated into tools that can help make or manage these programs, such as improved 713 

irrigation scheduling or technological prioritization approaches. 714 

● Monitoring, reporting, and disclosure: RSET-based data, in conjunction with other data 715 

and/or models, can then be used to monitor the impacts of these programs and create 716 

verifiable reports on the current status of water resources and CWS benefits. 717 

Enhancing local water resilience: A corporation wants to contribute to the stewardship of the 718 

watershed where its corporate headquarters are based which has been experiencing declining 719 

late-summer flows, leading to negative impacts on local aquatic ecosystems and water supply. 720 

While the corporation itself may not have a significant local water footprint through either their 721 

direct operations or supply chain, they are interested in enhancing the resilience of the region 722 

where much of their staff lives and works. 723 

● Understanding risks and impacts: The corporation can use RSET and other data to 724 

estimate the current state of water resources, the agricultural land use in the watershed, 725 

and consumptive use of agricultural activities within the watershed, which can be 726 

combined with other datasets (streamflow, precipitation) to identify the extent of water 727 

resources stress. 728 

● Setting corporate commitments: Based on consumptive water use estimates and in-stream 729 

flow requirements, the corporation can assess the relative changes in consumptive use 730 

necessary to protect aquatic ecosystems. These can be used to set commitments to invest 731 

in enhanced water supply activities, focusing on times of year when flows are critically 732 

low for aquatic ecosystems. 733 

● Design and implement programs: RSET data can be used with other data sources to 734 

create and calibrate a watershed model, providing a tool to evaluate the outcomes of 735 

different management practices. This model can be used to test impacts of different 736 

activities under current and future climate conditions and prioritize the corporation’s 737 

investments in programs such as land restoration, altered management practices, or other 738 

activities. 739 

● Monitoring, reporting, and disclosure: RSET-based data, in conjunction with other data, 740 

can then be used to monitor the impacts of these programs and create verifiable reports 741 

on the current status of water resources and CWS benefits. 742 
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 743 
Figure 4. Opportunities for integrating RSET data into CWS activities for two examples of different 744 

types of corporations and goals. Each of these opportunities would typically require integration of 745 

additional data beyond RSET. Image credits: NASA Earth Observatory (2006), S. Zipper. 746 

 747 

6. Conclusions 748 

Corporate water stewardship (CWS) activities, in which companies engage in or 749 

incentivize actions to advance sustainable water resource management, provide a mechanism by 750 

which corporations can support local water resource management and sustainability. We identify 751 

eight typical steps in the CWS lifecycle, including (1) understanding risks and impacts; (2) 752 

framework development; (3) setting corporate commitments; (4) program design; (5) program 753 

https://www.zotero.org/google-docs/?V4l9Pd


 

Zipper et al. | Water Stewardship and ET | 24 

implementation; (6) outcome monitoring; (7) reporting and disclosure; and (8) iterative 754 

refinement. Accurate and relevant data on water resources are necessary for all of these steps, 755 

and the data used must be scientifically appropriate, actionable, focused on impacts at the correct 756 

spatial scale, spatially consistent but locally tailored, and reproducible/verifiable. Remotely 757 

sensed evapotranspiration (RSET) data are becoming more widespread through long-term 758 

satellite data collection, improved data processing and monitoring algorithms, and the release of 759 

application-ready data through sources such as OpenET. We describe how RSET can be used to 760 

support each of these CWS steps through a variety of applications. For example, RSET data are 761 

well-suited for improving local to regional assessment of the current status of water resources 762 

and the impacts of corporate activities, developing estimates of consumptive water use, 763 

enhancing hydrological modeling efforts, and developing reproducible and verifiable outcome 764 

monitoring and reporting tools. There are also activities for which RSET data are not well-suited, 765 

such as monitoring changes in irrigation efficiency, unless RSET data is used with additional 766 

modeling and data integration efforts. Since CWS activities are all unique in terms of their 767 

regional focus, program design, and desired outcomes, they will all use RSET data differently 768 

and require program-specific accuracy and uncertainty assessment for the variables and 769 

workflows being used. In sum, there are many opportunities for remotely sensed ET to be useful 770 

within CWS frameworks, as long as care is taken to focus on suitable applications and 771 

communicate uncertainty. 772 
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