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Abstract:  Understanding the relationship between range condition and 

economic, environmental, and biotic factors and providing a description of 

the range condition cycle plays an important role in promoting the sustaina-

bility of ranching in New Mexico State (NM). This study aimed to under-

stand the linkages between range condition and crude oil production, crude 

oil prices, mean annual precipitation, mean annual temperatures, and beef 

cattle population as well as to describe the fluctuation in range condition 

cycle. Data for all study variables were collected for the period 1958–2017 

period. The generalized autoregressive conditional heteroscedasticity 

(GARCH) and its exponential version (GARCH) models were used to ex-

amine the relationships between range condition and all study variables. 

Range condition cycle was identified by using spectral analysis and season-

al adjustment function. Crude oil prices (β = -0.2669), mean annual precipi-

tation (β = 0.0963), and mean annual temperatures (β = -13.2914) were the 

only predictors of range condition. The length of range condition cycle was 

10 years. Range condition began to decline from the second year and con-

tinued through the third year and then began to increase from the fourth 

year and continued through the tenth year. Generally, range condition 

showed a declining trend between the 1970s and the mid of 2010s. 

 Keywords: Range condition cycle, crude oil, temperatures, precipitation, 

beef cattle population. 

 ةا جامعرررةشرررزي ، ررر ا مرررر  لطبزليررر  لط     رررأ :*¹
 يبزلطبختارا لط  ضاء طي  ا.

ياسز لطباطك ا مر  لطزرليةا جامعه لطبلر  ي ر   :2
 .لطعز زا ج ةا لطرعودية

 ةا جامعررةيررادم موبررودا مررر  لطبزليرر  لط     رر: 3
 يبزلطبختارا لط  ضاء طي  ا.

ويلررر  لطبررراءا  ةبزنرررامد لدلر  صررراطا  لدييرررز  ا : 4
 .كزلوسسا لمز كا و ماكر كوا لاسني ةجامع

 ةا جامعةكز  ا مر  لطبزلي  لط     للطرنوس   :5
 يبزلطبختارا لط  ضاء طي  ا.

رررر :6  ةا جامعررررةلا ع رررررسا مررررر  لطبررررولرد لط     رررري 
 يبزلطبختارا لط  ضاء طي  ا.

 

 
 سيكوالمراعي وعلاقتها بالمناخ ومتغيرات الطاقة وديناميكيات أعداد الماشية في نيو مك حالة

يس ولطعولمل للامتصادية ولط يئ ة ولطويو ة وتق ي  وصف ط ورة ياطة اإن فه  لطعلامة بين ياطة لطبز المستخلص:
يس يلعب دورًل مهبًا ف  تعز ز لست لمة تزب ة لطباش ة ف  ولاية نيو مكر كو. ته ي هذه لط رلسة إطس فه  الطبز

ه وم للأم ار لطرنوي ومتوسط وأسعار لطنفط لطخام ومتوسط يس وإنتاج لطنفط لطخام اللارتباطات بين ياطة لطبز
درجات لطوزلرة لطرنو ة وتع لد ماش ة لطلو  بالإضافة إطس وصف لطتقلب ف  دورة ياطة لطبزيس. كانت ب انات جب ع 

طتلقائ  . ت  لستخ لم نباذج لطتباين غيز لطبتجانس لطشزط  للانو لري ل2017-1958متغيزلت لط رلسة متاية طلفتزة 
يس وجب ع متغيزلت لط رلسة. ا( طفوص لطعلامات بين ياطة لطبزEGARCH( ونرخته للأس ة )GARCHلطبعب  )

 = βيس باستخ لم لطتوليل لط  ف  ودلطة لطتع يل لطبوسب . كانت أسعار لطنفط لطخام )ات  تو ي  دورة ياطة لطبز
( β = -13.2914درجات لطوزلرة لطرنو ة )سط ( ومتو β = 0.0963ه وم للأم ار لطرنوي )( ومتوسط 0.2669

يس ف  للانو لر اسنولت. ب أت ياطة لطبز 10يس ايس. بلغت م ة دورة ياطة لطبزاه  لطبتن ئات لطويي ة طواطة لطبز
من لطرنة لطثان ة ويتس لطرنة لطثاطثة ث  ب أت ف  للارتفاع من لطرنة لطزلبعة ويتس لطرنة لطعاشزةا وبشكل ياما 

 يس لتجاهًا تنا،طً ا بين لطربعين ات ومنتصف لطعق  للأوم من لطقزن لطوادي ولطعشز ن.ااطة لطبزأظهزت ي
 لطنفط لطخاما درجات لطوزلرةا ه وم للأم ارا أي لد لطباش ة. يساالطبز: دورة ياطة الكلمات المفتاحية
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INTRODUCTION 

Range forage is considered a critical natural resource for the production of red meat essential for 

human consumption (Holechek et al., 1989; Stoddart & Smith, 1955). At the beginning of the last 

century, rangeland was heavily grazed without control (Stoddart & Smith, 1955). This was due to 

the lack of knowledge of range science, delays in starting research in this field, and giving priority 

to forest research (Sayre, 2019). Until 1935, management of rangelands was carried out by experts 

from related fields such as agronomy and forestry (Campbell, 1948). Today, much range research 

has been conducted, and methods of scientific management that can be utilized to promote range 

resources and ensure the sustainability of rangelands ecosystem (Campbell, 1948; Stoddart & 

Smith, 1955). However, many debates are still being held about several subjects such as grazing 

capacity and a public land management, indicating that more research have to be conducted 

(Campbell, 1948). This highlights the importance of range condition, which is considered a measure 

of the efficiency of management in the long term (Holechek et al., 1989). Also, range condition is a 

term used widely in the range management, and it refers to amount of vegetation remaining on the 

unit of land (Holechek et al., 1989). Furthermore, range condition cycle refers to the behavior of 

range production that repeats itself in regular manner over a period of years. Understanding this cy-

cle helps managers to make a good management decision-increase or decrease their herd’s size. 

(Zaied et al., 2021). Range condition can be affected by several factors, including, production and 

prices of energy (Allred et al., 2015; Holechek & Sawalhah, 2014), climate change (precipitation, 

temperature) (Stoddart & Smith, 1955), and stocking rates (Sayre, 2019).  

Crude oil production might affect range condition. The loss of land to crude oil production is a big 

issue, impacting rangelands (Allred et al., 2015). About 3 million hectares of land have been uti-

lized for crude oil pads, roads, and other supporting infrastructures in North America during the 

2000-2015 period (Allred et al., 2015). In addition, since 1920S, cheap fossil fuels (oil) have led to 

rapid increase in tractors’ utilization (Holechek, 2009). As result, vast area of rangelands was 

plowed although it was not suitable for sustained cultivation (Holechek, 2009). However, in USA, 

agricultural sector highly relies on fossil fuels (oil) to power agricultural machineries, produce ni-

trogen fertilizer, and goods transportation (Holechek, 2006). Therefore, low oil prices lead to de-

cline forage crops prices (Zaied et al., 2020). This makes raising cattle using harvested forage and 

feed grains economically feasible (Holechek, 2006). This may result in decreased pressure on 

rangelands. Furthermore, the several range management procedures require  fossil fuel inputs, but 

these are lower compared to pasturelands (Holechek, 2006). 

In New Mexico State (NM), drought and high temperatures may have a negative effect on range 

condition. Since the 1970s, severe and longer droughts and higher temperatures have been observed 

(CHANGE, 2007). This will have intense impacts on rangeland, especially those located in semiar-

id and arid areas (CHANGE, 2007; Sawalhah et al., 2019). When drought lasts more than one year, 

severe mortality among forage plants-such as black grama-will occur, leading to decline carrying 

capacity to 50-60% (Herbel et al., 1972). After this event, restoration of the indigenous ecosystem 

may require at least 5-15 years (Boykin et al., 1962; Stoddart & Smith, 1955). Moreover, high tem-

peratures lead to lose water from plant and soil through high evaporation-reaches 250 cm annually 

in NM. This results in requiring greater amount of water that may not be met, affecting plant per-

formance (Stoddart & Smith, 1955).  

Beef cattle population may impact range condition in NM. One of the most significant potential ef-

fects of climate change on livestock ranching is the reduction in rangelands carrying capacity (Pol-

ley et al., 2013; Woodworth‐Jefcoats et al., 2017), to levels at which ranching is economically unvi-

able (Holechek et al., 2020). For instance, the carrying capacity-in Chihuahua Desert, NM, USA-

has declined by approximately 43% between 1967–2018 (McIntosh et al., 2019). It has been esti-

mated that financial loss is the only results when forage production of one acre drops to less than 
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45.3 kg (Holechek, 1996b). To ensure range condition improvement, conservative stocking rate-

is10-30% below grazing capacity-should be applied (Holechek, 1996b; Holechek et al., 1998). NM 

is one of the driest states in the USA (Driest States in the US - Current Results, 2024), so poor prac-

tices such as using incorrect stocking rates may lead to rangelands degradation, while its recovery 

may be extremely difficult (Holechek et al., 1989). 

A change in pastoral society and rangelands-will be empty-is predicted in the future (Reid et al., 

2014). The income from rangelands cannot longer meet the demand for needed services such as 

schools, health care, and media, resulting in moving young people to cities where job opportunities 

are available (Reid et al., 2014). This trend will be further accelerated due to drought and increased 

temperatures caused by global warming that makes it very difficult to continue ranching beef cattle 

on rangelands (Reid et al., 2014). Therefore, understanding the linkages between range condition 

and climatic, economic, and biological factors and providing quantitative descriptions of forage 

production is essential to enhance resilience to drought and economic impacts (Zaied et al., 2021). 

The objectives of this study were to understand the relationships between range condition and pro-

duction and prices of crude oil, mean annual precipitation, mean annual temperatures, beef cattle 

population and provide a description of range condition cycle. 

 

MATERIALS AND METHODS 

Study Area:The study focused on range condition in NM that is located in southwestern USA. 

About 92% of NM’ area is classified as suitable rangelands. The average of oil production in 1958-

2017 period was 78,625,815 barrels, consisting of 5% of USA total oil production (Federal Reserve 

Economic Data | FRED | St. Louis Fed, 2024). In this State, there are 4 types of climates which are 

mild, arid or semiarid, and continental climate. Mean annual precipitation varies from less than 254 

mm in the south to more than 508 mm at higher elevations in the State. Most of the precipitation 

falls in July and August. The average annual temperatures vary from 17° C in the southeast to 4.4° 

C in the northern high mountains and valleys (New Mexico Weather, 2024). Between 1979-2017, 

the average of beef cattle population was 525,589 head (USDA - National Agricultural Statistics 

Service - New Mexico, 2024).  

 

Data Retrieval and Documentation: The data used in this paper cover the 60-years period from 

1958 to 2017.  These data included biological, environmental, and economic variables. The biologi-

cal data included annual range condition (%) and beef cattle population (numbers of cows that were 

more than two years old) that were retrieved from (USDA - National Agricultural Statistics Service 

- New Mexico, 2024). The environmental data consisted mean annual precipitation (mm) and mean 

annual temperature (°C) that were downloaded from (Western Regional Climate Center, 2024). The 

economic data including crude oil production (barrel), crude oil prices ($/barrel), and consumer 

price index (CPI) were obtained from (Federal Reserve Economic Data, 2024). 

 

Data Analysis: The CPI was used to adjust crude oil prices to reflect their value in 2017 dollars. 

Normal distribution, heteroscedasticity, and autocorrelations were tested by using Shapiro–wilk 

test, portmanteau test statistics and the Engle–Lagrange multiplier tests at time lags (years) 1–12, 

and Durbin–Watson tests, respectively. Our data exhibited both heteroscedasticity and autocorrela-

tion. Therefore, to examine the linkages between mean annual range condition and all study varia-

bles the generalized autoregressive conditional heteroscedasticity (GARCH) and its exponential 

version (EGARCH) models were utilized at alpha level of 0.05. SAS 9.4 (SAS Institute, Cary, NC, 

US) was used to obtain these objectives. These models are particularly suitable for time-series data 

exhibiting heteroscedasticity and volatility clustering, which are common in ecological and eco-
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nomic datasets. The choice of GARCH/EGARCH was based on preliminary tests (e.g., ARCH ef-

fect test, stationarity check) that confirmed the presence of time-varying variance in the data. 

The duration of the annual range condition cycle was assessed through spectral analysis, a feature 

accessible within the SPSS software. The variations within the mean annual range condition cycle 

were analyzed using the seasonal adjustment function, which is available in the EViews software. 

This study did not involve any human participants or experimental use of animals. All data were 

obtained from publicly available sources or official databases, and the research complies with insti-

tutional and international ethical standards. 

 

RESULTS AND DISCUSSION 

Variables Predicting Range Condition:A summary of simple regression analysis for variables 

predicting mean annual range condition was reported in Table 1. As can be seen, mean annual crude 

oil prices, mean annual precipitation, and mean annual temperatures were the only predictors of 

mean annual range condition. GARCH model revealed that mean annual crude oil prices were nega-

tively correlated with mean annual range condition (β = -0.2669) and explain about 28% of its vari-

ations. This can be attributed to increased fossil fuel prices that may limit range management pro-

cedures-such as brush control-that aim to improve rangeland production (Holechek, 2006; Holechek 

et al., 1989). Another possible explanation for this relation is that increased fossil fuel prices might 

lead to increased relay on alternative energy sources such as wind and bio fuels ( Brown, 2008; 

Holechek et al., 1989). This may require vast area of rangelands and considerable amount of range 

plants material, respectively, resulting in a decline in range condition.  

Table:(1).. Results of simple regression analyses of independent variables used to forecast mean annual 

range condition (%) in NM between 1958 and 2017 using GARCH or EGARCH model. 

1 GARCH model; 2 EGARCH model 

 

Mean annual precipitation (β = 0.0963) and mean annual temperatures (β = -13.2914) con-

tributed significantly to variations in mean annual rang condition. And they both explained 33% 

and 34%, respectively, of the variation in mean annual range condition. Table 1. shows that mean 

annual range condition was positively linked to mean annual precipitation, whereas it negatively 

correlated with mean annual temperatures. Adequate precipitation can result in luxuriant plant 

growth (Stoddart & Smith, 1955), leading to increased mean annual range condition. However, 

drought can cause mortality among plant forage (Herbel et al., 1972), resulting in decreased mean 

annual range condition. In New Mexico, prolonged drought (4-6 years) plagues rangeland every 40 

years (Holechek, 1996a). To make matters worse, high temperatures cause high rate of evaporation-

reaches 250 cm in NM-resulting in a decline in the water required for plant growth (Stoddart & 

Smith, 1955). This could be the reason for the declining trend in mean annual range condition be-

tween 1970s and the middle of 2010s (Figure 2).  

The findings of this study partially support the study hypotheses. As expected, crude oil prices and 

climatic variables were significantly correlated with changes in range condition, aligning with the 

hypothesis that climate is a primary driver of rangeland dynamics. On the other hand, contrary to 

Independent Variables Intercept Estimate (β) P-value AR1 R2 

Crude oil production1 54.328 1.5835E-7 0.248   

Mean annual crude oil prices1 81.7138 -0.2669 0.026 -0.4283 0.28 

Mean annual precipitation2 35.1144 0.0963 0.0001 -0.5822 0.33 

Mean annual temperatures1 229.0969 -13.2914 0.0017 -0.4067 0.34 

Beef cattle population2 40.9809 0.000051 0.489   
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expectations, beef cattle population did not show a significant relationship with range condition. 

This may be attributed to the consistent use of conservative stocking rates in the study region, 

which may have mitigated grazing pressure on rangelands (Holechek, 1996b; Holechek et al., 

1998). These results suggest that while climatic variables remain a dominant factor, effective range-

land management practices may buffer against some biological pressures. 

 

Annual Range Condition Cycle: Based on the periodogram in Figure 1, the length of the mean 

annual range condition cycle was 10 years, which was used to decompose its timeseries. As can be 

seen in Figure 2, the seasonal pattern of mean annual range condition specified that mean annual 

range condition in each cycle began to decrease from the second year and continued through the 

third year and then began to increase from the fourth year and continued through the tenth year 

which was the peak of mean annual range condition. In general, mean annual range condition was 

below average for 6 years in each cycle. Zaid et al. (2021) studied the annual cycle of drought in 

NM, and their results were not consistent with our results, in other words, their results could not 

explain the behavior of mean annual range condition, especially since, when our regression model 

showed that mean annual precipitation and the mean annual temperatures significantly correlated 

with mean annual range condition, highlighting the need for further research to understand the be-

havior of these factors and their potential interactions. 

In spite of the meaningful insights obtained, this study has several limitations. First, the analysis 

depended on aggregated annual data, which might hide short-term variations or localized impacts in 

range condition. Second, the study focused on arid and semi-arid region in NM, limiting the gener-

alizability of findings to other ecosystems with different management practices or climatic features. 

Finally, it is important to highlight that rancher should be aware of the potential risks involved in 

relying on these predictions, as natural and social systems can behave unpredictably. 

 

 

 
Figure: (1). The periodogram of mean annual range condition was obtained from spectral analysis in SPSS. The x-axis 

represented the period (years) in logarithmic scale. The y-axis represented the periodogram values (unitless). Peak value 

indicated the length of mean annual range condition cycle in 1958-2017 period in NM. 
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Figure: (2). The seasonal adjustment function output included 3 panels. The top panel showed actual mean annual 

range condition (%). The middle panel showed mean annual range condition trend. Smoothed seasonality for mean an-

nual range condition was showed in the bottom panel. 10 years was the length of each cycle. Mean annual range condi-

tion data of 60 years (1958-2017) in NM used to conduct this analysis.  

Conclusions 
This study highlighted the response of range condition to crude oil production, crude oil prices, 

mean annual precipitation, mean annual temperatures, and beef cattle population and described the 

behaviour of the range condition cycle in NM. Both crude oil prices and mean annual temperatures 

had negative relationship with it, whereas mean annual precipitation had positive relationship with 

the mean annual range condition. In each cycle, range condition declined gradually from the second 

year through the third year and then increased from the fourth year through the tenth year. The find-

ings of this paper can help ranchers develop effective and workable plans for the future. For in-

stance, a rancher can reduce their herd size when a decrease in range condition is predicted for the 

coming years. Conversely, they can increase their herd size if an increase in range condition is an-

ticipated. Furthermore, we emphasize that research is trying to predict the nature, but nature, some-

times, does not follow consistent behavior. Therefore, ranchers should be careful and consider the 

risk when using such findings. 

 

ACKNOWLEDGEMENT:The authors would like to extend our heartfelt gratitude to the review-



Al-Mukhtar Journal of Agricultural, Veterinary and Environmental Science 3 (2): 53-62, 2025                page   7of 9 

 

ers who generously dedicated their time and expertise to provide valuable feedback on this manu-

script. 

ETHICS: The idea of this research was inspired from FEWS project. We declare that the consent 

of using the same study design was taken from the chief of this project-Dr. Hatim Geli. 

Duality of interest: The authors declare that they have no duality of interest associated with this 

manuscript. 

Author contributions: Conceptualization, A.Z., A.D., and O.E.; methodology, A.Z., Y.M. and S.I.; 

software, A.Z., Y.M., and S.I.; validation, A.Z., A.M., and S.A.; formal analysis, A.Z. and Y.M.; 

investigation, A.Z., O.E., and A.M.; writing—original draft, A.Z.; writing—review and editing, 

A.Z., Y.M., A.M., S.I., and S.A. All authors have read and agreed to the published version of the 

manuscript.  

REFERENCES 

Allred, B. W., Smith, W. K., Twidwell, D., Haggerty, J. H., Running, S. W., Naugle, D. E., & Fuh-

lendorf, S. D. (2015). Ecosystem services lost to oil and gas in North America. Science, 

348(6233), 401–402. https://doi.org/10.1126/science.aaa4785 

Bourne Jr, J. K., & Clark, R. (2007). Green dreams. National Geographic, 212(4), 38–59. 

https://doi.org/10.1093/anb/9780198606697.article.0600057  

Boykin, C. C., Gray, J. R., & Caton, D. D. (1962). Ranch production adjustments to drought in 

eastern New Mexico; New Mexico State University: Las Cruces, NM, USA. 

http://contentdm.nmsu.edu/cdm/ref/collection/AgCircs/id/69939 

Brown, L. R. (2008). Plan B 3.0: Mobilizing to save civilization (substantially revised). William 

Ward Norton & Company. https://doi.org/10.1017/s0376892908004992  

Campbell, R. S. (1948). Milestones in range management. Rangeland Ecology & Manage-

ment/Journal of Range Management Archives, 1(1), 4–8. https://doi.org/10.2307/3894372  

CHANGE, O. C. (2007). Intergovernmental panel on climate change. World Meteorological Organ-

ization, 52, 1–43. https://doi.org/10.1017/cbo9780511546013  

Driest States in the US - Current Results. (2024). Retrieved December 14, 2024, from 

https://www.currentresults.com/Weather-Extremes/US/driest-states.php 

Federal Reserve Economic Data | FRED | St. Louis Fed. (2024). Retrieved November 22, 2024, 

from https://fred.stlouisfed.org/ 

Herbel, C. H., Ares, F. N., & Wright, R. A. (1972). Drought Effects on a Semidesert Grassland 

Range. Ecology, 53(6), 1084–1093. https://doi.org/10.2307/1935420 

Holechek, J. L. (1996a). Drought in New Mexico: Prospects and management. 

https://repository.arizona.edu/bitstream/handle/10150/640432/11315-10857-1-

PB.pdf?sequence=1 

https://doi.org/10.1093/anb/9780198606697.article.0600057
http://contentdm.nmsu.edu/cdm/ref/collection/AgCircs/id/69939


Al-Mukhtar Journal of Agricultural, Veterinary and Environmental Science 3 (2): 53-62, 2025                page   8of 9 

 

Holechek, J. L. (1996b). Financial returns and range condition on southern New Mexico ranches. 

Rangelands Archives, 18(2), 52–56. 

Holechek, J. L., Pieper, R. D., & Herbel, C. H. (1989). Range management. Principles and practic-

es. https://www.cabidigitallibrary.org/doi/full/10.5555/19920753158 

Holechek, J. L., Gomes, H. D. S., Molinar, F., & Galt, D. (1998). Grazing intensity: Critique and 

approach. Rangelands Archives, 20(5), 15–18. 

Holechek, J. L. (2006). Changing Western Landscapes, Debt, and Oil: A Perspective: Rapidly ris-

ing consumer debt, a real estate bubble, and depletion of world oil reserves could greatly af-

fect western rangelands and ranching. Rangelands, 28(4), 28–32. 

https://doi.org/10.2111/1551-501x(2006)28[28:cwldao]2.0.co;2  

Holechek, J. L. (2009). Range livestock production, food, and the future: A perspective. Range-

lands, 31(6), 20–25.  https://doi.org/10.2111/1551-501x-31.6.20  

Holechek, J. L., Geli, H. M., Cibils, A. F., & Sawalhah, M. N. (2020). Climate change, rangelands, 

and sustainability of ranching in the Western United States. Sustainability, 12(12), 4942. 

https://doi.org/10.3390/su12124942  

Holechek, J. L., & Sawalhah, M. N. (2014). Energy and rangelands: A perspective. Rangelands, 

36(6), 36–43. https://doi.org/10.2111/rangelands-d-14-00033  

McIntosh, M. M., Holechek, J. L., Spiegal, S. A., Cibils, A. F., & Estell, R. E. (2019). Long-term 

declining trends in Chihuahuan Desert forage production in relation to precipitation and am-

bient temperature. Rangeland Ecology & Management, 72(6), 976–987. 

https://doi.org/10.1016/j.rama.2019.06.002  

New Mexico Weather. (2024). Retrieved December 18, 2024, from 

https://weather.nmsu.edu/climate/about/ 

Polley, H. W., Briske, D. D., Morgan, J. A., Wolter, K., Bailey, D. W., & Brown, J. R. (2013). Cli-

mate change and North American rangelands: Trends, projections, and implications. Range-

land Ecology & Management, 66(5), 493–511.  https://doi.org/10.2111/rem-d-12-00068.1  

Reid, R. S., Fernández-Giménez, M. E., & Galvin, K. A. (2014). Dynamics and Resilience of 

Rangelands and Pastoral Peoples Around the Globe. Annual Review of Environment and 

Resources, 39(1), 217–242. https://doi.org/10.1146/annurev-environ-020713-163329 

Sawalhah, M. N., Holechek, J. L., Cibils, A. F., Geli, H. M., & Zaied, A. (2019). Rangeland live-

stock production in relation to climate and vegetation trends in New Mexico. Rangeland 

Ecology & Management, 72(5), 832–845. https://doi.org/10.1016/j.rama.2019.03.001  

Sayre, N. F. (2019). The politics of scale: A history of rangeland science. University of Chicago 

Press. https://www.degruyter.com/document/doi/10.7208/9780226083391/html 

Stoddart, L. A., & Smith, A. D. (1955). Range management. McGraw-Hill: New York, NY, USA, 

532. 

https://doi.org/10.2111/1551-501x-31.6.20
https://doi.org/10.2111/rem-d-12-00068.1


Al-Mukhtar Journal of Agricultural, Veterinary and Environmental Science 3 (2): 53-62, 2025                page   9of 9 

 

USDA - National Agricultural Statistics Service—New Mexico. (2024). Retrieved November 22, 

2024, from https://www.nass.usda.gov/Statistics_by_State/New_Mexico/index.php 

Western Regional Climate Center. (2024). Retrieved November 22, 2024, from https://wrcc.dri.edu 

Woodworth Jefcoats, P. A., Polovina, J. J., & Drazen, J. C. (2017). Climate change is projected to 

reduce carrying capacity and redistribute species richness in North Pacific pelagic marine 

ecosystems. Global Change Biology, 23(3), 1000–1008. https://doi.org/10.1111/gcb.13471 

Zaied, A. J., Geli, H. M., Sawalhah, M. N., Holechek, J. L., Cibils, A. F., & Gard, C. C. (2020). 

Historical trends in New Mexico forage crop production in relation to climate, energy, and 

rangelands. Sustainability, 12(5), 2051. https://doi.org/10.3390/su12052051  

Zaied, A. J., Geli, H. M., Cibils, A. F., Sawalhah, M. N., Holechek, J. L., Gard, C. C., Idhirij, S. A., 

Gedefaw, M. G., & Torell, G. L. (2021). Beef Cattle Price and Production Patterns in Rela-

tion to Drought in New Mexico. Sustainability, 13(18), 10420. 

https://doi.org/10.3390/su131810420  

 

 


