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Fish Welfare Initiative

Innovation Challenge:
Satellite-Based Remote Sensing for Aquaculture Farms

Version 2.0

Summary

Purpose

Fish Welfare Initiative (FWI) would like to study the potential of satellite-based remote sensing
for monitoring water quality in aquaculture farms in India to help us scale and increase the
impact of our work. FWI is interested in entering into a partnership with an entity that can
successfully demonstrate to us that they have models that match our needs, leveraging the
technology to help scale our programming and improve the welfare of many millions of fishes.

The Challenge

FWI is seeking interested parties to either (i) develop new models that would allow us to
remotely monitor key water quality parameters at aquaculture farms in India through satellite
data analysis, or (ii) share existing models that can be utilized for our purposes. FWI will
provide a financial reward—up to USD 100,000—based on the outcomes of a validation
process.

Submission & Timeline

Interested parties are invited to notify FWI that they have a model or models ready for
validation by August 20th, 2025 (18:00 Indian Standard Time [IST]). The submission process
does not require submitting any code, merely a brief description of the model(s). Interested
parties will use their model(s) to determine values for the water quality parameters relevant to
their model(s) at ponds (full details/guidance will be provided by FWI in early September), and
share these determined values with FWI by September 30th, 2025 (18:00 IST).
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1. Introduction

Who We Are

Fish Welfare Initiative (FWI) is a nonprofit organization that works to improve the welfare of
farmed fishes in India, a country that farms several billion fishes annually. FWI has primarily
focused on improving the welfare of these animals by addressing issues like water quality and
stocking density. More information on our work can be found on our website.

Our Core Program and Its Limitations

FWI’s current core program is the Alliance for Responsible Aquaculture (ARA). This program

centers on FWI field teams collecting water quality data—including dissolved oxygen, pH, and
ammonia—from member farms and providing the farmers with recommendations for corrective
actions in the event of key water quality parameters indicating that fish may be exposed to
unhealthy conditions.

The ARA currently supports over 150 fish farms in Andhra Pradesh. The current ARA model
requires FWI personnel to physically visit fish farms, with the current strategy being to conduct
visits approximately once a month to each farm.! This dependency on field teams, and the
limitation on the number of farms that FWI personnel can visit each day, means this
methodology is not considered scalable. The limited scalability, coupled with the low
frequency of visits per farm, limits how impactful the program can be. Given these concerns,
there is a desire to make improvements to the ARA such that it is more scalable and impactful.

The Proposed Solution: Satellite-Based Remote Sensing

Monitoring water quality using satellite-based remote sensing technology offers a potential
way to improve the scalability, impact, and overall cost-effectiveness of the ARA. Utilizing
satellite imagery as a means for remotely monitoring water quality would allow the ARA to
collect water quality data from each farm more regularly—thereby allowing the identification of
more events that suggest welfare infringements—while simultaneously limiting the
requirement for personnel to actually visit farms. This technology also offers a potential
mechanism to support many more farms, helping to cost-effectively scale up the program.

! The frequency of visits to each farm varies depending on various factors, with some farms being visited
once a month, some every three weeks, and a select few every two weeks or weekly.
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FWI would like to study the potential of satellite-based remote sensing for monitoring
water quality in aquaculture farms in India to inform decisions around viable strategies for
cost-effective scale-up of the ARA. FWI has limited experience using satellite-based remote
sensing technology and is interested in a partnership with an entity that can successfully show
us that they have models that match our needs.

2. Targeted Water Bodies

The ARA focuses its support on farmers of Indian major carps (IMC) in two districts—Eluru and
Nellore—in Andhra Pradesh. IMCs are farmed in earthen ponds, ranging in size from 1 acre to
over 100 acres, with the average size of ARA-member farms being 12.4 acres. The depth of the
ponds is typically 1.5 to 2 meters. Ponds are typically found close to each other—often
side-by-side, separated by earthen banks (Figure 1). It is water bodies like this for which FWI is
striving to develop capabilities for satellite-based remote sensing to detect water quality.

Figure 1. Satellite image showing a patchwork of fish farms in the Eluru region of
Andhra Pradesh, India.
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3. The Challenge

What We Seek from Interested Parties

e FWIis seeking interested parties to either (i) develop new models that would allow us
to remotely monitor key water quality parameters at IMC farms via analysis of satellite
data, or (ii) share existing models that can be utilized for our purposes.

e The most critical water quality parameters of interest to FWI are dissolved oxygen and
ammonia. Others of interest are pH and chlorophyll-a.
o Ataminimum, we are seeking a model that can remotely monitor dissolved
oxygen or ammonia (Figure 2).
o Ideally, we seek a package of models that can remotely monitor dissolved
oxygen along with one or more other parameters.

e We recognize that dissolved oxygen, pH, and ammonia are optically inactive parameters
that present challenges for their direct measurement through analysis of satellite
imagery. We are open to models that indirectly determine dissolved oxygen, pH, and/or
ammonia by directly measuring proxies.

e The models should be able to determine water quality at a frequency of at least every 5
days.

Package of models for predicting dissolved oxygen + ammonia + pH + chlorophyll-a
Package of models for predicting dissolved oxygen + ammonia + pH

Package of models for predicting dissolved oxygen + [ammonia OR pH] + chlorophyll-a
Package of models for predicting dissolved oxygen + [ammonia OR pH]

Model for predicting dissolved oxygen

Model for predicting ammonia

Figure 2. Models sought by FWI for remote monitoring of water quality. At a minimum, FWI seeks to
remotely monitor dissolved oxygen or ammonia. Ideally, dissolved oxygen could be remotely monitored
in association with one or more other water quality parameters, with the ideal scenario being a capability
to remotely monitor dissolved oxygen, ammonia, pH, and chlorophyll-a.
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e Models can be trained with any data that interested parties believe will be useful for the
intended purposes. Historical data from the ARA program is publicly available. This data
was collected from over 200 farms in Andhra Pradesh (primarily the Eluru and Nellore
regions) between June 2021 and October 2024. If this dataset is to be used, parties
should be aware of some caveats:

o

o

o

Methodologies and equipment have changed (and generally improved) over time
as the ARA evolved, giving rise to questions over the reliability and accuracy of
some, particularly earlier, data.

For each pond, data collected is from a single location, always at the side of the
pond.

There is limited overlap with the flyover schedules of Sentinel-2 satellites.
Additionally, this publicly available dataset does not include location
information. Parties interested in using this data can request location
information by contacting Paul at paul@fwi.fish.

Criteria for Validating Models

e FWI will validate any model submitted to us by collecting “ground-truthed” data at a
number of ARA-member fish farms and comparing these data to the “predicted” values
determined through the models.

o

FWI will require parties to use their models to remotely determine the relevant
water quality parameter(s) at 20 ARA member farms from the Eluru district in
Andhra Pradesh. FWI will provide GPS coordinates of each farm and the dates
for which parameters should be determined via the satellite-fed model.

For models that predict a water quality parameter indirectly by measuring a
proxy, FWI will only collect ground-truthed data for the ultimate water quality
parameter of interest.

m For example, the validation of a model intended to predict dissolved
oxygen by directly measuring a different parameter will be based on
comparing ground-truthed dissolved oxygen data with the predicted
dissolved oxygen values.

e To be useful for FWI’s intended purpose, models for each water quality parameter must
meet minimum criteria, based on the validation exercise (Table 1).
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Table 1. Minimum criteria models for each water quality parameter must meet, determined by FWI's validation exercise.

Minimum criteria for each model

Statistical parameter

D(i)s;(syogl;l:d pH Ammonia Chlorophyll-a
Coefficient of determination (R?) > 0.66 >0.71 >0.66 >0.73
Root mean square error (RMSE) <1.62 mg/L <0.13 < 0.08 mg/L <59 pg/L
Mean absolute error (MAE) <1.07 mg/L <0.11 < 0.06 mg/L <42 pg/L

What We Will Offer Interested Parties

e FWI will provide a financial reward based on the outcomes of the validation process
(Table 2).

e Rewards will be allocated as follows:

o Reward A will be awarded to the party that has submitted a package validated
to remotely sense all four of FWI’s key water quality parameters. If packages
from two or more parties meet this requirement, the best package will be
rewarded.?

o If no package meets the criteria for Reward A, Reward B will be awarded to the
party that has submitted a package validated to remotely sense the indicated
water quality parameters. If packages from two or more parties meet this
requirement, the best package will be rewarded.

o If no packages meet the criteria for Reward A or Reward B, Reward C will be
awarded to the party that has submitted a package validated to remotely sense
the indicated water quality parameters. If packages from two or more parties
meet this requirement, the best package will be rewarded.

o If no packages meet the criteria for Reward A, Reward B, or Reward C, Reward D
will be awarded to the party that has submitted a package validated to remotely

2 The “best package” will be based on the R?, RMSE and MAE values for each individual water quality
parameter within the package. The order of importance of models from FWI’s perspective is as follows:
dissolved oxygen > ammonia > pH > chlorophyll-a.
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sense the indicated water quality parameter. If packages from two or more
parties meet this requirement, the best package will be rewarded.

If no packages meet the criteria for Reward A, Reward B, Reward C, or Reward D,
Reward E and/or Reward F will be awarded to the party(ies) that have
submitted models validated to remotely sense dissolved oxygen and/or
ammonia. If models from two or more parties meet this requirement, the best
model will be rewarded.

e For any submitted package, if the package as a whole does not meet the minimum
requirements but one or more of the individual models do, those models will be
considered for the relevant financial rewards.

o

For example, in the case of a package of three models intended to remotely
sense dissolved oxygen, pH, and ammonia (competing for Reward B), if the
models for pH and ammonia do not pass the validation process but the model
for dissolved oxygen does, this model will be eligible for consideration for
Reward E.

Table 2. Financial rewards provided by FWI. Models for each water quality parameter must be validated by FWI and meet
the minimum criteria. If no package meets the criteria for Reward A, Reward B will be awarded; if no packages meet the
criteria for Reward A or B, Reward C will be awarded; if no packages meet the criteria for Reward A, B, or C, Reward D will be
awarded; if no packages meet the criteria for Reward A, B, C, or D, Reward E and/or Reward F will be awarded. If two or
more parties meet the minimum requirements for a reward, the best package will be determined by comparing the R?,
RMSE, and MAE values for each of the individual water quality parameters. The order of importance of models is as follows:
dissolved oxygen > ammonia > pH > chlorophyll-a.

A Best package for predicting dissolved oxygen + ammonia + pH + chlorophyll-a uUsD 100,000
B Best package for predicting dissolved oxygen + ammonia + pH UsD 85,000
(o Best package for predicting dissolved oxygen + [ammonia OR pH] + chlorophyll-a usD 70,000
D Best package for predicting dissolved oxygen + [ammonia OR pH] uUsD 60,000
E Best model for predicting dissolved oxygen UsD 35,000
F Best model for predicting ammonia USD 25,000
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Requirements For Claiming Rewards

e To claim the reward, the winning party must submit models that meet the minimum
performance thresholds listed in Table 1 when evaluated on FWTI’s internal validation
set. Within 30 days of notification, the winner must provide a runnable package (e.g.,
Docker image or hosted API), a short technical document explaining how to use the
model, and a basic model card outlining training data, architecture, and limitations. In
return for the prize, the winning party must grant FWI a non-exclusive, perpetual,
royalty-free license to use the model for any non-commercial fish welfare purpose. If
the winner prefers to retain hosting control, they must instead provide FWI with either
free unlimited access for at least five years or a heavily discounted subscription capped
at USD 0.05 per pond per month. To safeguard against future access loss, the winning
party must also deposit a runnable version of the model with a neutral third-party
escrow service, to be released to FWI if the model becomes inaccessible under the
agreed terms. The winner retains all other IP rights and may commercialize the model
elsewhere. FWI does not require source code or full IP transfer. Three months of light
support (up to 8 hours total) must be provided post-handoff.

e Anti-Collusion and Data Integrity: Participants will be asked to certify that they have
not accessed any confidential or ground-truth data beyond what FWI has officially
released. They also must agree not to offer any inducements or incentives to FWI staff
or affiliated personnel. Breach of these terms, as determined at FWI’s sole reasonable
discretion, will lead to immediate disqualification, forfeiture of all awards, and liability
for damages incurred by FWI, capped at twice the grand prize amount. To verify
compliance, FWI reserves the right to audit the participant’s model, training logs, and
relevant correspondence for up to two years following competition conclusion.

4. Eligibility

This innovation challenge is open to any interested parties, whether they are corporations,
academic institutions, non-profit organizations, or individuals. Parties may be based in any
country.
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5. Submission Requirements & Timelines

e Interested parties are invited to notify FWI that they have a model or models ready for
validation by completing THIS ONLINE FORM. This form provides an opportunity to
describe your model(s); there is no need to submit any code/data, etc. FWI will accept
notifications of interest until August 20th, 2025, 18:00 Indian Standard Time (IST).

e Approximately 1 week after the notification deadline, FWI will share GPS coordinates
for approximately 20 farms—all in the Eluru district of Andhra Pradesh—with all parties
who have submitted a notification of interest. Interested parties will use their model(s)
to determine values for the water quality parameters relevant to their model(s) at these
ponds on specified dates (full details/guidance will be provided by FWI at the time).
Values determined by models will be shared with FWI by September 30th, 2025
(18:00 IST).

e Once we receive the values determined by the parties’ models, we will compare these
values to the ground-truthed values that we have collected from the 20 ponds.
Validation of the models will be based on the process/metrics described under “Criteria
for validation models”. We expect our validation to be completed by October 17th,
2025, after which we will contact all parties to inform them how their models
performed.

e Areward, where applicable, will be paid to the winning party upon the party complying
with the “Requirements for claiming rewards” criteria.

e All dates are subject to change; any changes to dates will be communicated to
participating parties.

e If additional information is required, submit enquiries to paul@fwi.fish with the subject
heading “FWI Satellite Innovation Challenge—-Enquiry”.
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