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Rice: A Resource- and Emissions-
Intensive Food Staple
Around the world and in the United States, rice 
is critically important to our food supply. While 
China and India are by far the largest rice-growing 
countries, the U.S. produces over 6 million metric 
tons of rice every month.1  Across the US, more than 
2.5 million acres of land are used to grow rice in 
seven different states,2  and nearly 85% of the rice 
we eat in the United States is grown and harvested 
by farmers in Arkansas, California, Louisiana, 
Mississippi, Missouri and Texas. 3

Traditional rice-farming methods are water-
intensive, requiring that four inches of water 
be maintained across the entire field. All told, 
rice production uses up to 40% of the world’s 
irrigation water every year. 4 But water use isn’t 
the only environmental concern related to rice 
growing: flooding rice fields creates an anaerobic 
environment — one without oxygen — that 
generates methane gas, a greenhouse gas 

1 https://www.worldriceproduction.com/

2 https://www.edf.org/ecosystems/new-crop-rice-farmers-carbon-offsets 

3 http://www.thinkrice.com/on-the-farm/where-is-rice-grown/ 

4 http://www.iflscience.com/environment/rice-and-wheat-production-use-more-water-than-all-other-crops-put-together/ 

AT&T has a goal – our “10x” goal – to enable carbon savings for our customers that are 10 times 
the footprint of our own operations by 2025. To meet this goal, we are engaging with customers 
and technology partners to implement and scale up carbon-saving solutions. Through this 
process, we are publishing a series of case studies and concepts to share our progress and 
learning. 10x case studies will discuss and quantify the carbon benefits of using AT&T technology 
to improve efficiency. In order to be included in the evaluation of progress toward our 10x goal, 
AT&T technology must play a fundamental role. To discover more about our goals, understand 
how we’ll track our progress, and see status updates and case studies like this, visit AT&T’s 
Connect to Good website.

RICE: A RESOURCE- 
INTENSIVE CROP

•  2.5 million acres of land in US

• 40% of global irrigation water 

• 1.5% of global GHG emissions

https://www.worldriceproduction.com/
https://www.edf.org/ecosystems/new-crop-rice-farmers-carbon-offsets
http://www.thinkrice.com/on-the-farm/where-is-rice-grown/
http://www.iflscience.com/environment/rice-and-wheat-production-use-more-water-than-all-other-crops-
http://www.att.com/10x
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(GHG) that is 28 to 36 times as potent as CO2 over 100 years.5  The methane produced by rice farming 
constitutes around 1.5% of global GHG emissions.6  

The Challenge: Addressing environmental concerns by increasing adoption 
of “Alternate Wetting and Drying (AWD)” rice-farming methods
Given the potentially significant environmental impacts of rice production, innovative farmers have 
recognized the need to increase efficiency so they can grow more rice with fewer resources. “Alternate 
Wetting and Drying” (AWD)7  is a method of rice farming that addresses many of these environmental 
challenges. Instead of keeping a constant four-inch flood, AWD allows fields to dry down between floods 
after establishing the initial flood. By decreasing the amount of time fields remain flooded, AWD reduces 
water use, fuel and electricity use for running irrigation pumps, and the need for nitrogen fertilizers, 
while also slowing down the anaerobic activity that creates methane gas. Farmers and researchers are 
working together to optimize AWD and have found that when implemented properly, the practice can 
potentially increase yields while reducing fertilizer and water inputs as well as GHG emissions.

However, AWD can be challenging. It requires farmers to control water levels carefully across large  
tracts of land. It also introduces risk to the rice crops, as it can be difficult to assess depth accurately 
with only a few measurements at various points in the fields. Together, these barriers have slowed 
adoption of AWD.

The Solution: AT&T Internet of 
Things (IoT) creates visibility 
and control, making AWD a 
more attractive option
Using AT&T’s IoT solutions to connect 
water-level sensors and pumps can 
increase the control farmers have 
over their operations, helping to drive 
efficiencies and overcome some of the 
barriers to AWD adoption. As described 
below, PrecisionKing is an innovative 
technology company that is collaborating 
with AT&T to do just that. 

PrecisionKing’s RiceKing sensors are 
placed across farmers’ rice fields, where 
they read water levels once an hour, 
allowing for 24-hour monitoring, while 
the PumpKing remote monitors allow 
farmers to set customized  parameters 
for remotely turning pumps on and off.  AT&T wireless connections between these pieces of equipment 
enable the transmission of water-level data collected from the RiceKing sensors to a management 
system that can be programmed to automatically signal AT&T-connected PumpKing monitors to turn 

⁵ https://www.epa.gov/ghgemissions/understanding-global-warming-potentials  

⁶ http://www.wri.org/blog/2014/12/more-rice-less-methane   

⁷ https://www.uaex.edu/farm-ranch/crops-commercial-horticulture/rice/2017%20Alternate%20Wetting%20and%20
Drying%20Rice%20Management.pdf 

Automated
Irrigation

Data

https://www.epa.gov/ghgemissions/understanding-global-warming-potentials 
http://www.wri.org/blog/2014/12/more-rice-less-methane  
https://www.uaex.edu/farm-ranch/crops-commercial-horticulture/rice/2017%20Alternate%20Wetting%20and%20Drying%20Rice%20Management.pdf
https://www.uaex.edu/farm-ranch/crops-commercial-horticulture/rice/2017%20Alternate%20Wetting%20and%20Drying%20Rice%20Management.pdf
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pumps on and off as needed. This reduces water use and prevents over-flooding or excessive drying — 
all without requiring anyone to physically be in the field. 

This system also creates a historical record of the water depth over time. With more high-quality data 
available, farmers are better able to optimize management and reap the direct and indirect benefits 
of AWD. For instance, because the sensors can generate such accurate information about water depth, 
farmers can more easily collect the data required for verification of AWD-enabled GHG emissions 
reductions. Using AT&T’s wireless network to connect these sensors and pumps greatly simplifies the 
collection of data and avoids the need for farmers to install wired or complex mesh network solutions. 
The addition of AT&T IoT connectivity to AWD can enable more efficient and reliable AWD processes, 
increase its ease of use and help drive financial savings from water reduction. 

Implementation: PrecisionKing and AT&T help Whitaker Farms save water 
and reduce emissions 
Jim and Sam Whitaker started farming in Arkansas 
in the early ‘90s, and they quickly recognized that 
running a successful farm would require resource 
efficiency. Seeing drought conditions across the 
country and recognizing the threat that climate 
change could pose to their business, the Whitaker 
brothers became early adopters of technology-
enabled AWD.

For the past five years, Jim and Sam have 
collaborated with PrecisionKing to optimize their 
rice fields. By using PrecisionKing technology 
and AT&T IoT connectivity, the brothers aren’t 
gauging water levels by eye anymore. Instead, the 
technology increases the accuracy of water-depth 
monitoring and saves time and water. And remote 
pump-control technology turns pumps on and off 
as needed, helping to maintain optimal water levels 
without having to drive to the pump and make the 
change manually.  

This operational insight and control is driving 
real operational efficiencies for Whitaker Farms. 
According to information collected by Jim, 
connected RiceKing water-level sensors have 
reduced Whitaker Farms’ water usage by up to 
60%, while the connected  PumpKing controls 
have reduced pump energy usage by 20-30%.

Reduced Whitaker Farms’ water 
usage by up to 60% and reduced 
pump energy usage by 20-30%.

“We were learning the ropes, and it became clear to us that we needed to 
make more with less, and being an early adopter of innovative techniques and 
technology would be critical.”

- Jim Whitaker, Whitaker Farms

Jim Whitaker, Whitaker Farms | Photo courtesy of Adam Jahiel
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Sustainability Impact Overview
Measuring water savings from AWD is a relatively straightforward comparison of how much water was 
pumped into a field before and after implementing AWD. The measurement of the GHG reductions is a 
bit more complicated. 

A substantial portion of the GHG reductions comes from the lower methane emissions, while additional 
reductions come from reduced fuel and/or electricity used to pump water, reduced use of nitrogen-
based fertilizer due to more efficient management practices,8  and reduced truck fuel.

Several experts have developed technology and measurement protocols to estimate the amount of 
methane gas emissions generated by anaerobic activity in rice fields. For example, Dr. Michele Reba from 
the USDA-ARS-Delta Water Management Research Unit and her team of researchers and local farmers 
have collected extensive data to analyze and calculate the methane impacts of AWD. Using a variety of 
scientific methods, Dr. Reba and team have developed a good understanding of the methane reduction 
enabled by AWD.  

Dr. Reba and her team continue to tune the process to better understand when and how much to flood 
rice fields, and data from connected sensors is helping to improve the process even more.

In addition to the environmental benefits, using an IoT-enabled solution has lowered water expenses 
and reduced the physical labor needed to manually survey the field conditions and flood or drain 
fields. This allows rice farmers like Jim and Sam to focus on other tasks, while receiving consistent data 
about field conditions. These financial, time, water and fertilizer savings mean farmers can produce an 
environmentally-superior product more efficiently.

⁸ Nitrogen fertilizer usage information from Jim Whitaker. Note that fertilizer reduction is enabled by AWD as well as other 
management methods. 

“There are several 
important pieces of 
data that go into the 
calculation, but the most 
critical factor is water 
depth. Using connectivity 
to collect that data and 
control water levels is a 
game-changer."

- Dr. Michele Reba, USDA-ARS-
Delta Water Management 
Research Unit

Pumps, 0.06 mtons CO2e

Methane, 0.11 mtons CO2e

Fertilizer, 0.11 mtons CO2e

Potential Environmental Benefits of AWD:

Annual Water savings:
80,000 US gallons per acre 

Annual GHG savings:
0.28 metric tons CO2e per acre

Sources of GHG Savings
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Turning farming efficiency into carbon credits
The Whitakers and a group of enterprising 
farmers began to pursue the idea of using 
methane savings from AWD to join the carbon 
credit market and create incremental revenue 
from efficient rice farming.9

Together with sustainability and carbon market 
experts, including Terra Global Capital, American 
Carbon Registry (ACR), USDA Natural Resources 
Conservation Service (NRCS), California Rice 
Commission, White River Irrigation District and 
the Environmental Defense Fund (EDF), the 
group developed a carbon credit protocol 
called the “Voluntary Emission Reductions in 
Rice Management Systems” that quantifies 
the GHG reductions that result from efficient 
rice-growing techniques, including AWD.10 Using 
this program, rice growers in California and the 
Mid-South (Texas, Arkansas, Mississippi and 
Louisiana) can earn carbon credits for using 
conservation management practices to reduce 
methane. These carbon credits can then be sold 
on the carbon markets as an incremental form of 
revenue for the farmer.

The carbon credits generated through these 
projects represent quantifiable emissions 
reductions. In 2017, seven rice growers took 
part in the first rice-generated carbon credit 
trade, using techniques like AWD on 2,000 acres 
of farmland to eliminate 600 tons of carbon 
dioxide equivalent from 2013 to 2015 11 Microsoft 
became the first company to buy these offsets 
in June 2017 12. And while this carbon credit sale 
represents an exciting new potential revenue 
stream for the farmers, data collection for the 
carbon credits is a barrier to the success of this 
nascent market. Using IoT to collect accurate 
water-level data can greatly ease the data 
collection burden and overcome some of  
those barriers.

9 http://americancarbonregistry.org/carbon-accounting/standards-methodologies/emission-reductions-in-rice-
management-systems  

Note that there are other practices, such as rice straw removal (baling) and dry seeding, that also deliver GHG reductions, but 
are not included in this case study, as they are not enabled in the same way by connectivity and automation technologies. 

10 http://agfax.com/2017/06/15/rice-7-farmers-generate-carbon-credits-purchased-by-microsoft/ 

11 https://insideclimatenews.org/news/26062017/agriculture-rice-methane-emissions-carbon-trading-microsoft-climate-
change 

12 https://www.agweb.com/article/first-ever-rice-farming-carbon-credits-sold-to-microsoft-naa-ben-potter/ 

Voluntary Emission Reductions 
in Rice Management Systems 

In 2014, a group of farmers and carbon 
experts worked with the American 
Carbon Registry to publish a protocol 
to quantify emissions avoided by using 
efficient rice-growing techniques, 
including AWD.9  The ability to integrate 
IoT into that measurement process has 
the potential to increase the efficiency 
and ease of data collection.  

Automated
Irrigation

Data

http://americancarbonregistry.org/carbon-accounting/standards-methodologies/emission-reductions-in-r
http://americancarbonregistry.org/carbon-accounting/standards-methodologies/emission-reductions-in-r
http://agfax.com/2017/06/15/rice-7-farmers-generate-carbon-credits-purchased-by-microsoft/ 
https://insideclimatenews.org/news/26062017/agriculture-rice-methane-emissions-carbon-trading-micros
https://insideclimatenews.org/news/26062017/agriculture-rice-methane-emissions-carbon-trading-micros
https://www.agweb.com/article/first-ever-rice-farming-carbon-credits-sold-to-microsoft-naa-ben-potte
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This financial benefit is yet another incentive for rice farmers to move to AWD. While there are many 
variables that enter into a farmer’s decision to use AWD, IoT-enabled water systems and data collection 
have the potential to help increase adoption.  

If adoption of IoT-enabled AWD were to expand to all the rice farmers in Arkansas, Louisiana, Mississippi, 
Missouri and Texas, GHG emissions could be reduced by an estimated 325,805 metric tons CO2e each 
year.13  That is equivalent to these annual savings:14

13 Analysis of the Scale-up Potential for Carbon Credits from Changing Rice Cultivation Practices, 

EDF, July 2015, funded by NRCS Conservation Innovation Grant 69-3A75-11-133

14 EPA Greenhouse Gas Equivalencies Calculator. https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator 

COMBINING PRECISIONKING WITH AT&T CONNECTIVITY HAS THE POTENTIAL TO:

1. Help overcome barriers to AWD adoption and create higher use among farmers, resulting 
in measurable methane reductions and water and fertilizer savings.

2. Become an important input for measurement and verification of carbon savings, which 
could help propel the nascent rice carbon offset market.

“Capitalism moves the needle. If my peers see that IoT and AWD are helping me 
make money and build my business by driving down my water, gas and fertilizer 
bills while making it easier for me to collect the data needed to make more 
money from the carbon credit process, they’ll be more inclined to use it, too. 
And that’s better for our businesses and our environment.”

-Jim Whitaker, Whitaker Farms

Rice methane carbon 
credit protocol + IoT-enabled
measurement and veri�cation

Easier and more accurate
carbon o�set calculations,

strengthened carbon market

Increased use of AWD
resulting in lower water

use and emissions

Switching almost 11M         or                                             Not consuming over              or                                   Taking almost 70k 
incandescent lightbulbs       36.5M gallons of gasoline                                              cars off the road               
to LEDs 14

https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator 
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Description of the Enabling 
Technology

AT&T connectivity enables water-level data to be remotely collected and 
connected to pumping systems to automatically control the water level in 
the rice fields. This helps both with the implementation of the AWD process 
and with the data collection required for verification of the carbon credits. 
Thus the technology helps to overcome barriers to implementation and 
increases the AWD adoption rate.

Impact Category This case study focuses on carbon and water impacts from implementing 
the “Alternate Wetting and Drying” (AWD) process on rice farms.

Materiality
The impact of implementing AWD and other farming practices on rice 
farms results in reductions of both water usage and greenhouse gas 
emissions.

Attribution of Impacts

The emissions and water savings described in this case study are a result of 
changes in farming practices supported by PrecisionKing technology and 
AT&T IoT connectivity. AWD with technology integration makes the process 
easier and enables the collection of data that is necessary to quantify the 
GHG reduction benefits.  

Relationship to Systems

AT&T connectivity and PrecisionKing technology reduce barriers to the 
implementation of the AWD practice by automating the process, helping 
reduce risk and providing both financial and environmental benefits. 
This can encourage widespread adoption of the practice, thus delivering 
scalable environmental benefits.

Enabling and Rebound Effects

Primary Effects

AWD is a process in which the rice field is allowed to dry to a wet mud for a 
period before re-flooding. Carbon savings associated with AWD come from 
three areas:

• Reduced methane emissions, due to reduced anaerobic digestion

• Reduced fertilizer usage, resulting in reduced N2O emissions, and 
fewer GHG emissions from fertilizer production

• Reduced use of irrigation water, resulting in less pump energy used 
and therefore fewer GHG emissions

Water savings are a result of less water used for irrigation of the rice fields.

Secondary Effects

There are also reduced emissions from farm vehicles, as the automation 
reduces the need to physically visit the field to check water levels. No 
data was available to calculate this effect so it is not included in the case 
study results, and it is likely to be much less significant than the emissions 
reductions from the primary effects.

Rebound Effects
No rebound effects were identified. Some academic studies have 
previously reported a decrease in rice yield from the implementation of 
AWD. However, Whitaker Farms report an increase in yield using AWD, and 
they regularly run variety trials to test yield impact.

Trade-Offs or Negative Effects This technology does not appear to create other outsized or irreparable 
environmental or social impacts.

Carbon Burden from the 
Enabling Technology

The embodied carbon emissions of the sensors and IoT devices, which will 
be minimal compared with the emissions reductions.

Applying the 10x Carbon Impact Methodology 
Carbon Trust and BSR collaborated with AT&T in the development of a methodology to measure 
the carbon benefits of AT&T’s technology. The details of the methodology can be found on the AT&T 
10x website. The table below summarizes how the 10x methodology was applied to estimate the 
environmental impacts described in this case study:

http://about.att.com/csr/10x
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Carbon Abatement Calculation

Scope The scope are GHG emissions from rice production, including emissions 
from plant decomposition, fertilizer usage and energy for pumping water.

Timeframe The American Carbon Registry (ACR) carbon credits relate to the period 
2013-2015. The water usage data relates to a trial at Whitaker Farms in 2017.

2 

15 https://acr2.apx.com/mymodule/reg/prjView.asp?id1=230 

16 http://americancarbonregistry.org/carbon-accounting/standards-methodologies/emission-reductions-in-rice-
management-systems 

17 The Crop Calculator is part of the Carbon Trust Footprint Expert tool (https://www.carbontrust.com/client-services/advice/
footprinting/carbon-footprint-software/#footprintexpert) and uses base data from the UK Government Department BEIS, 
Ecoinvent (version 2.0) and the Intergovernmental Panel on Climate Change (2016 IPCC Guidelines for National Greenhouse Gas 
Inventories).

18 http://www.mississippi-crops.com/2017/01/20/three-years-of-awd-water-savings-in-rice/ 

19 Analysis of the Scale-up Potential for Carbon Credits from Changing Rice Cultivation Practices, 

EDF, July 2015, funded by NRCS Conservation Innovation Grant 69-3A75-11-133

20 http://www.mississippi-crops.com/2017/01/20/three-years-of-awd-water-savings-in-rice/

Functional Unit

The functional unit for the GHG emissions reduction is metric tons CO2e 
per acre per year (which is also converted into metric tons CO2e per 
connection).  

The functional unit for water reduction is US gallons of water used per 
acre per year.

Methodology

The GHG emissions reductions are the sum of the emissions reduction 
from:

• reduced methane emissions;
• reduced fertilizer usage; and
• reduced energy for pumping water.

The reduced methane emissions are calculated from the total verified 
carbon credits, as reported in the ACR verification report for project 
ACR230,15 and by dividing these by the acreage of the participating 
farm fields. This project encompasses 5 participating farmers, with 
41 unique fields, and 2,877.2 acres in the Mid-South, in Arkansas and 
Mississippi. Receiving verified carbon credits requires following the 
Voluntary Emission Reducations in Rice Management Systems.16 This 
requires collecting data prior to the change to AWD, and collecting data 
throughout the implementation of the AWD process. The data includes: 
daily meteorological data; timing of specific events such as planting, 
tilling and harvesting; fertilizer application; crop residue harvesting, 
baling and stubble height; flooding and drainage dates; and use of 
baled straw and date of straw burning. The data is then entered into a 
DNDC (DeNitrification-DeComposition) model. The DNDC model has 
to be calibrated for the relevant geographical region. The DNDC model 
calculates the GHG reductions based on previously validated research and 
studies. The verification process then verifies the data that was collected, 
checking data records and photographs as evidence. 

The GHG savings from reduced fertilizer application are calculated from 
fertilizer savings figures provided by Whitaker Farms. The reduced N2O 
emissions and reduced GHG emissions from fertilizer manufacture were 
calculated using the Carbon Trust crop calculator model.17 Note that the 
reduced fertilizer usage is not only due to the AWD practice, but also due 
to other new farm management methods.

https://acr2.apx.com/mymodule/reg/prjView.asp?id1=230 
http://americancarbonregistry.org/carbon-accounting/standards-methodologies/emission-reductions-in-r
http://americancarbonregistry.org/carbon-accounting/standards-methodologies/emission-reductions-in-r
https://www.carbontrust.com/client-services/advice/footprinting/carbon-footprint-software/#footprint
https://www.carbontrust.com/client-services/advice/footprinting/carbon-footprint-software/#footprint
http://www.mississippi-crops.com/2017/01/20/three-years-of-awd-water-savings-in-rice/  
http://www.mississippi-crops.com/2017/01/20/three-years-of-awd-water-savings-in-rice/
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The GHG savings from water usage are calculated using data from a 
trial run on two similar fields at Whitaker Farms in 2017. The trial used 
PrecisionKing monitoring and pump control systems on both fields. One 
field was continuously flooded and the other was flooded using AWD. 
16% water savings were achieved using AWD. Note that due to rainfall, 
only one complete dry-down was achieved. Other studies have shown 
30% water savings with multiple dry-downs.18 GHG savings are calculated 
based on pump power and run times, and using a grid emission factor 
relevant to Arkansas.

The water savings are calculated from the same trial, and use the flow 
readings from the pumps.

Key Assumptions

xx Use of ACR Rice Protocol and DNDC model for calculation of GHG 
emissions reductions from rice growing using AWD process
xx Assume that data provided by Whitaker Farms is representative for 

other similar implementations

Exclusions
xx Embodied carbon emissions of the sensors and IoT devices
xx Emissions reductions from reduced farm vehicle journeys

Data Sources

xx ACR registry verification report
xx Reduced fertilizer usage (Whitaker Farms)
xx Water flow, Pump power and pump run time (PrecisionKing 

monitoring reports)
xx Electricity emissions factor (from eGrid)

Results

Carbon Abatement Factor

Annual GHG savings of 0.28 metric tons CO2e per acre from 
implementation of AWD process.

This comprises: 

• 0.11 metric tons CO2e/acre from reduced methane emissions

• 0.11 metric tons CO2e/acre from reduced fertilizer use

• 0.06 metric tons CO2e/acre from water pumping savings

Note that calculating GHG emissions associated with agricultural 
processes is subject to significant variability. This can be due to differing 
meteorological conditions (such as temperature and rain fall), differing 
soil conditions and other variations from farm to farm and field to field.

The results used here have been compared to other sources and are all 
considered to be conservative. For example, the EDF19 report calculates a 
carbon abatement from AWD of up to 0.4 tCO2e per acre (which does not 
include abatement from reduced fertilizer use).

Assuming one sensor per field and an average field size of 60 acres, 
this equates to an annual GHG reduction of 16.9 metric tons CO2e per 
connection.

Water Savings Factor

Annual water savings from implementation of AWD is 80,000 US gallons 
per acre.

This is based on the trial at Whitaker Farms in 2017, which achieved a 16% 
reduction with a single dry-down compared to continuous flooding (while 
other studies have achieved a 30% reduction with multiple dry-downs20). 
Note that Whitaker Farms has achieved total savings of about 60%, or 
600,000 gallons saved per acre, compared to the state average figure. 
This includes benefits from both zero-grade fields and AWD. (Zero-grade 
involves levelling the field and is a prerequisite for implementing AWD).

Lessons Learned
There is considerable variability in agricultural processes, therefore 
it is useful to compare results across different studies to test the 
representativeness of the results.


