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“Each new generation tends to forget – until it 

confronts the sobering reality – that dryness has 

always been the normal condition in the western 

half of the state. Wet years have been the 

exceptions…Traditionally it has taken a strong-

willed individualistic breed to live west of [the 

98th meridian], especially when hat living is tied 

closely to the soil, as is the case with the rancher 

and the farmer.”

-Elmer Kelton

The Southern High Plains

United States Department of Agriculture, Natural Resources Conservation Service. 2006. Land Resource Regions and Major Land 
Resource Areas of the United States, the Caribbean, and the Pacific Basin. U.S. Department of Agriculture Handbook 296.



Agricultural Production 

Conservation management:
• Cover cropping – 7.5%
• Reduced tillage – 54.4%

Values from 2017 Census of Agriculture



Regenerative agriculture (#RegenAg)

Sustainable agricultural intensification and enhancement 
using regenerative agricultural practices
USDA Award Number: 2021-68012-35897

Our project goal is to intensify agricultural production in an environmentally 
sustainable manner that enhances the agronomic, economic, and community 

resiliency in the Southern Great Plains. 

Collaborators -



Climate-smart agriculture in Texas

Funding Sources:

Climate-smart cotton - $30 million 

Climate-smart cotton through a sustainable and innovative supply 
chain approach

Collaborators: Katie Lewis, Emi Kimura, Will Keeling, Josh McGinty, and 
the University of Arkansas Department of Agriculture

Climate-smart sorghum - $65 million 

Conservation of natural and sustainable environmental resources 
with verified engagement (CONSERVE)

Collaborators: Katie Lewis, Jourdan Bell, Paul DeLaune, Kansas State 
University, and Oklahoma State University



Projected Effects

Jiang, X., and Z.L. Yang. 2012. Projected changes of temperature and precipitation in Texas 
from downscaled global climate models. Clim Res. 53:229-244.

WCRP CMIP3 projections used for 3 IPCC SRES 
emissions scenarios

Projected (a−c) winter (DJF: Dec-Jan-Feb) and (d−f) 
summer (JJA: Jun-Jul-Aug) surface air temperature 
changes (°C) between 2070−2099 and 1971−2000 under 
the 3 emissions scenarios over Texas

Regional variability 

Nakicenovic, Nebojsa, Joseph Alcamo, Gerald Davis, B. de Vries, Joergen Fenhann, Stuart 
Gaffin, Kenneth Gregory et al. "Special report on emissions scenarios." (2000).

Increased surface air temperature by 2100; 
4.8°C for A2, 3.6°C for A1B, and 2.2°C for B1

Precipitation and surface air temperatures 
are negatively correlated



Projected Effects

Modala, N. R., Ale, S., Goldberg, D. W., Olivares, M., Munster, C. L., Rajan, N., & Feagin, R. A. (2017). Climate 
change projections for the Texas high plains and rolling plains. Theoretical and Applied Climatology, 129, 263-280.

Spatial variability in maximum temperature (TMAX) in the Texas Plains region under 
historic (1971–2000; left panel) and future (2041–2070; middle panel) climate scenarios 
and projected change in TMAX (future-historic; right panel) as predicted by three regional 
climate models: Regional Climate Model Version3–Geophysical Fluid Dynamics Laboratory 
(RCM3-GFDL), RCM3-CGCM3 (Regional Climate Model Version3–Third Generation 
Coupled Global Climate Model), and Canadian Regional Climate Model–Community 
Climate System Model (CRCM-CCSM). a GFDL-historic. b GFDL-future. c GFDL-projected 
change. d CGCM3-historic. e CGCM3- future. f CGCM3-projected change. g CCSM-historic. 
h CCSM-future. i CCSMprojected change

Three regional climate models used under A2 
(high emissions) scenario 

Increase in intensity of extreme 
precipitation events

Maximum air temperature projected to 
increase 2.0-3.2°C by 2070

Predicted decline in precipitation for the 
region within a range of 30 to 127 mm



Projected Effects

Banner, J. L., Jackson, C. S., Yang, Z. L., Hayhoe, K., Woodhouse, C., Gulden, L., ... & Castell, R. (2010). Climate change impacts on 
Texas water: A white paper assessment of the past, present and future and recommendations for action. Texas Water Journal, 1(1), 1-19.

Texas is highly susceptible to global climate 
change effects

Shift to more arid environments

The magnitude, timing, and regional 
distribution of these changes are uncertain



Drought Across the SHP

Increase in severe drought events 
in recent years across the state 

https://droughtmonitor.unl.edu



Drought Across the SHP

https://droughtmonitor.unl.edu

1950s 2011 2022



Dwindling Water Resources

McGuire, V.L., 2017, Water-level and recoverable water in storage changes, High Plains aquifer, 
predevelopment to 2015 and 2013–15: U.S. Geological Survey Scientific Investigations Report 2017–5040, 14 
p., https://doi.org/10.3133/ sir20175040.

Cook, B.I., T.R. Ault, and J.E. Smerdon. 2015. Unprecedented 21st century drought risk in the American Southwest and Central Plains. Sci. Adv. 1:e1400082.

Loss of irrigation capabilities are 
happening concurrently with increased 
drought and ET



Extreme Weather Events

Photo by Garrett Forbeshttps://www.wunderground.com/history/daily/766c153be1817aba3f28a9ad4be321c1223fab0405d171dcdbc7e4173ef85ac8/yesterday

Increased 
amounts of 

extreme 
weather 

events in 
recent years

Lubbock, TX – February 26th, 2023



Hardeman/Wilbarger County, TX; 2022

Photos by Paul “Bart” DeLaune



Dawson County, TX; 2021 Adam Springer Kyle Russell Allen



Terry County, TX; 2022

Terry County, TX; 2022Lubbock County, TX; 2020



Extreme Weather Events

Lubbock County, TX; February 22nd, 2023

Terry County, TX; February 20-25, 2023

55mph

33mph



Extreme Weather Events
Terry County, TX; February 26th, 2023

62mph

35mph

Lubbock County, TX; February 26th, 2023

Air Quality Index – February 27th, 2023



Future of Agricultural Production in SHP

Increased climate variability has negative impact on yield

McCarl, B. A., Villavicencio, X., & Wu, X. (2008). Climate change and future analysis: is stationarity dying?. American Journal of Agricultural 

Economics, 90(5), 1241-1247.

Increase in precipitation intensity has negative impact on yield

Severe drought (lower PDSI) has negative impacts on yield



Adaptation:

Mitigation:

Adjustment in natural or human systems to a new or changing environment. 
Adaptation to climate change refers to adjustment in natural or human systems in 
response to actual or expected climatic stimuli or their effects, which moderates 
harm or exploits beneficial opportunities. Various types of adaptation can be 
distinguished, including anticipatory and reactive adaptation, private and public 
adaptation, and autonomous and planned adaptation.

A human intervention to reduce the extent of climate change by limiting drivers 
(GHGs, reducing incoming radiation, increasing reflectivity ….).



Created with BioRender.com



Measuring Carbon Sequestration Potential



Greenhouse Gas Emission Monitoring



Soil Organic Carbon

b b b
a

b a
a

a

b

a
a

a

0

9

18

27

36

45

Continuous
cotton, winter

fallow

No-tillage cotton,
mixed species

cover

No-tillage cotton,
rye cover

Native rangeland

So
il

 o
rg

an
ic

 C
 s

to
ck

 (
M

g 
h

a-1
)

0-5 cm

5-10 cm

10-35 cm

35-75 cm

75-100 cm

*Samples collected in year 20 of the study

Letters indicate significant differences 
between treatments within depth at P <0.05

b

b

a

0

2

4

6

8

10

12

14

No-tillage cotton,

mixed species cover

No-tillage cotton, rye

cover

Native rangeland

R
el

at
iv

e 
ch

an
g
es

 i
n
 p

ro
fi

le
 s

o
il

 o
rg

an
ic

 C
 (

0
-1

0
0
 

cm
) 

co
m

p
ar

ed
 t

o
 c

o
n
v
en

ti
o
n
al

 s
y

st
em

 (
M

g
 h

a
-1

)

Cropping System

A

BB

C



Carbon and Agriculture

Attavanich, W., & McCarl, B. A. (2014). How is CO 2 affecting yields and technological progress? A statistical analysis. Climatic change, 124, 747-762.

The reality of C sequestration potential in semi-arid agroecosystems 

Carbon markets and producers

Complexity of the issue at hand

• CO2 could positively effect yields of C3 crops such as cotton

• The role of technological progress and its impact on yields

• Relationship between drought and atmospheric CO2 levels on crops

Attavanich, W., & McCarl, B. A. (2011). The effect of climate change, CO2 fertilization, and crop production technology on crop yields and its economic implications on market 

outcomes and welfare distribution (No. 321-2016-10981).



Economic Outlook of the SHP



Land Use Suitability

Deines, J.M., Schipanski, M.E., Golden, B., Zipper, S.C., Nozari, S., Rottler, C., Guerrero, B. and Sharda, V., 2020. Transitions from irrigated to dryland 
agriculture in the Ogallala Aquifer: Land use suitability and regional economic impacts. Agricultural Water Management, 233, p.106061.

Ogallala vs. climate change in the SHP

Overestimation of land use suitability for future 
agricultural production

Overestimation of economic predictions

Showcases importance for immediate implementation 
to increase future resiliency of agroecosystems 



Dryland Production 

Mitchell-McCallister, D., McCullough, R., Johnson, P. and Williams, R.B., 2021. An Economic Analysis on the Transition to Dryland Production in Deficit-Irrigated Cropping Systems of the Texas High 
Plains. Frontiers in Sustainable Food Systems, 5, p.531601.



How do you convince commodity boards/agricultural producers to 

invest in climate mitigation strategies and research when they feel that 

they have a more immediate concern regarding limited irrigation across 

the region?

Based on the low carbon sequestration potential for producers in semi-

arid environments. What economic incentives can be made to help 

implementation of carbon sequestration practices across the region?

Discussion Questions



Questions?
Christopher J. Cobos

Ph.D. Student & Sr. Research Associate
Texas A&M AgriLife – Soil Chemistry and Fertility

Christopher.cobos@ag.tamu.edu I txsoillab.com
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