
1 

 

Title: Emission reduction and ecosystem valuation using bio-indicators, water 
demand, land management, and carbon sequestration 

Author: B.D. Morton* 

 
Scarce freshwater resources in the North Central Texas (NCTX) region require 

environmentally innovative and economically cost effective methods to address water 
sustainability goals with rapid community and rural development. As of March 27, 2008, the 
Dallas-Ft. Worth-Arlington metroplex is the fastest growing area in the United States (Bernstein 
2008). The region is composed of 16 counties including other cities such as Allen, Denton, 
Frisco, Keller, McKinney, and Plano. The 16 counties form a voluntary political sub-division 
known as the North Central Texas County of Governments (NCTCOG 2008).  

 
NCTCOG is composed of city governments, school districts, and public works agencies. 

NCTCOG offers a public GIS Data Clearinghouse with geographic information for academic and 
industry use in community planning and watershed (ecosystem) monitoring (GIS Data 2008). 
The database includes soil types which could be used to assess potential soil carbon 
sequestration. Analysis of the soil and land-use data may provide emission reduction potential 
from soil and ecosystem carbon sequestration.  
 

Holistic land management techniques such as conservation tillage, have the ability to 
increase soil organic carbon (Martens et al 2005).  Conservation tillage involves less intensive 
land management, allowing the land to rest longer, and increasing carbon storage potential. 
The micro-biota present in the soil naturally sequesters atmospheric carbon (Patra et al 2008). 
The increase of biomass, or ecosystem structure, also increases carbon storage. The natural 
vegetation absorbs carbon dioxide from the atmosphere and helps provide water storage for 
streams and lakes (Van den Bergh et al 2004). Improving environmental quality to increase 
atmospheric carbon storage potential in soil and ecosystem biomass could help increase the 
amount of water available to the NCTX region.  

 
By increasing soil and biomass carbon sequestration, plants and bacteria in the soil store 

tons of carbon dioxide. Each ton of carbon dioxide can generate revenue in the form of a 
ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŜǉǳƛǾŀƭŜƴǘΣ ƻǊ /hіŜΦ These credits can be verified and traded in the Chicago 
Climate Exchange (CCX). Project developers, investment firms, city governments, and academic 
institutions currently participate in the CCX to reduce carbon emissions. The CCX offers 
agricultural grass soil carbon sequestration offsets called Exchange Soil OfŦǎŜǘǎ ό·{hΩǎύ in every 
county in the NCTX region for new planted grasslands (CCX 2008). Grasslands have been shown 
to store large amounts of carbon and can help reduce carbon emissions (Conant and Paustian 
2002). Assessing the amount of carbon dioxide currently present in the soil and biomass in the 
NCTX region will provide a reference point for increasing carbon storage. Then after analyzing 
current land management techniques and water uses, potential carbon storage increase and 
revenue from XSOΩǎ can be determined.   
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The ability to create revenue from land conservation management may help improve 
water conservation and eliminate potential scarcity issues from the rapidly growing area. In 
ά²ŀǘŜǊ ŦƻǊ ¢ŜȄŀǎ -- нллтΣέ ŀ Ǉƭŀƴ ŦǊƻƳ ǘƘŜ ¢ŜȄŀǎ ²ŀǘŜǊ 5ŜǾŜƭƻǇƳŜƴǘ .oard (TWBD), 8.8 million 
acre-feet of water is needed by 2060 from new water supplies (Water Resources 2008).  
Existing water supplies can be improved by increasing conservation management of aquatic 
ecosystems and wetland vegetation (Van den Bergh et al 2004). Carbon credits also provide a 
means to value ecosystems. Holistic land management increases water and soil quality, 
providing a higher quality habitat for plants and animals to thrive.  

 
The cost of water quality treatment may improve through carbon offset trading by 

changing land management practices to focus on sustainability and reducing carbon emissions 
through soil and ecosystem sequestration (Martens et al 2005). Native wetland plants near 
irrigation canals and streams filter excess nitrogen and phosphorous from runoff (Van den 
Bergh et al 2004). The wetland vegetation provides an economic value to the community by 
adding to water storage and filtering contaminants otherwise requiring processing at a water 
treatment facility.  
 

If land management techniques are focused to promote vegetation growth, organisms 
in the ecosystem may also proliferate. Benthic macroinvertebrates, or aquatic insects, live in 
the top sediment layer of streams and help process nutrient loads from runoff. The US EPA uses 
benthic macroinvertebrates to measure watershed quality and ecosystem productivity (US EPA 
2008). These organisms have been shown to live in irrigation pools of agricultural land in Spain 
(Abellán et al 2006).  

 
Parts of Spain have water resource problems associated with rapid urbanization, 

population growth, and drought (Arbués and Villanúa 2006; Domene and Saurí 2006). These 
issues are very similar to the NCTX region. The type of organisms present in irrigation canals 
and streams may be similar to those found in Spain since the NCTX region experiences similar 
water resource problems. Using benthic bio-indicator species to monitor effects of land 
management change could help determine ecosystem biomass and carbon sequestration 
increase.  

 
Emission reduction potential based upon soil core sampling, monitoring ecosystem 

health using benthic macroinvertebrate indicators, establishing methods of carbon 
sequestration and mitigation potential, and determining water use and land management 
associated with population growth could help provide solutions to water scarcity and carbon 
emission reduction in the NCTX region. These parameters outline a theoretical framework 
currently being developed called the Carbon Mitigation Model (CMM). The CMM white paper 
will be available July 2008. The CMM in the NCTX region could help reduce emissions and 
sustain freshwater resources to support community transition and growth to a low-carbon 
economy.  
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Research objectives using the CMM: 
 

1. Reduce carbon emissions  
2. Reduce water scarcity 
3. Reduce environmental degradation  

 
The Carbon Mitigation Model could benefit the community, economy, and the 

environment by reducing emissions, creating revenue, and valuing the environment. Effective 
emission reduction by soil and ecosystem carbon sequestration can help improve water 
resource sustainability and transition of community growth into the low-carbon global 
economy. By conclusion of the study, the CMM may reduce carbon emissions and help 
implement policy to govern and distribute water resources by creating carbon offset credits.   
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