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ABSTRACT. Projected climate change is expected to substantially affect crop and livestock production, and water availa-
bility and quality. Concomitantly, the agricultural community is faced with a challenge of increasing food production by
more than 70% to meet demand from global population increase by the mid-21st century. This article introduces a Special
Collection on Climate Change and reviews principal findings from nine articles drawn from papers presented at the 2015
ASABE Ist Climate Change—Adaptation and Mitigation Symposium. Studies present simulations of crop and livestock
production-system adaptations to climate change scenarios, impacts of climate change scenarios on water resources, soil
erosion and nonpoint-source pollutant source areas, regional assessment of climatic shifts; and mitigation of greenhouse
gas emissions from livestock production. Articles span regional issues across the U.S., southern Asia, and Brazil. These
research articles clearly indicate that climate variability and change can negatively impact food production and water

resources, and that innovative strategies are needed to mitigate those negative impacts.
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he American Society of Agricultural and Biological
Engineers (ASABE) organized the Ist Climate
Change Symposium—Adaptation and Mitigation in
May 2015 in Chicago to address complex questions related
to how agriculture and watershed management can mitigate
and adapt to climate change impacts. The symposium cov-
ered topics related to adaptation strategies and benefits of
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adaptation, mitigation, ecosystem health and services, agro-
ecosystem sustainability, climate change modeling and in-
terface of climate models with the agroecosystem models,
uncertainty and complexity, and water resource policy. This
symposium had more than 150 oral or poster presentations
and was attended by more than 160 participants. This Special
Collection in this issue includes nine studies that were pre-
sented at the symposium. These studies cover a wide range
of topics related to climate variability and change, mitigation
and adaptation for agricultural production, water availabil-
ity, and water quality management.

Recent increases in global temperature, prolonged wet
and dry hydroperiods, and increased frequency and duration
of extreme events including droughts and floods have been
attributed to both natural climate variability and human-in-
duced climate change that is modulating climate variability
(Solomon et al., 2007). The 2014 U.S. National Climate As-
sessment report recognizes that effects of human-induced
climate change are experienced in every corner of the United
States, with water growing scarcer in dry regions, torrential
rains increasing in wet regions, heat waves becoming more
common and more severe, wildfires worsening, and forests
dying under assault from heat-loving insects (Walsh et al.,
2014). Average temperature in the U.S. has increased be-
tween 0.7°C to 1.1°C since 1895 with most of the increase
since 1970. Along with the rise in temperature, climate
change is projected to alter the global precipitation cycle,
leading to variation in the spatial and temporal distribution
of precipitation (Bates et al., 2008). In dry regions, climate
change is projected to increase the frequency of meteorolog-
ical, agricultural, and hydrological droughts (Jiménez Cisne-
ros et al., 2014). In addition, climate change is projected to
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accelerate the melting of ice and snow cover, increase sea
levels, change soil moisture, and change surface runoff and
groundwater recharge. Surface runoff, which constitutes the
majority of surface water resources, is not only sensitive to
changes in precipitation but also to short-term rainfall distri-
bution and intensity (Carter and Parker, 2009). Reduced pre-
cipitation, accompanied by increased evapotranspiration,
would lead to increased drought risks, while heavy precipi-
tation may lead to increased flooding risks. In glacier-domi-
nated regions, accelerated melting of the glaciers would in-
crease streamflow in the short run, but decrease flow in the
long run (Hepworth and Goulden, 2008).

Climate change and variability impacts groundwater di-
rectly by altering groundwater replenishment and indirectly
through groundwater use, which can be further impacted by
land-use changes (Taylor et al., 2013). Groundwater re-
charge is generally projected to increase in areas where sur-
face runoff is projected to increase; however, rainfall inten-
sity may modify the fraction of surface runoff that recharges
groundwater (Kundzewicz and Doell, 2009; Jiménez Cisne-
ros et al., 2014). In coastal areas, there is concern that rise in
sea level would exacerbate seawater intrusion of fresh
groundwater resources (Werner et al., 2012). Groundwater
generally is less sensitive to short-term climate variability;
however, shallow aquifers may exhibit increased salinity or
may even dry up due to increased evapotranspiration (Kun-
dzewicz et al., 2007; Calow and MacDonald, 2009; Bonsor
etal., 2010). Changes in these hydrological components will
impact the quality and quantity of surface and groundwater
resources, thereby increasing the competition among agri-
cultural, ecosystems, settlements, industry, and energy sec-
tors (Jiménez Cisneros et al., 2014; Delpla et al., 2009).

Climate change is projected to negatively impact crops in
tropical latitudes due to greater moisture and heat stress and
declining growing season length, but positively impact crops
in high-latitude locations due to increased temperature and
growing season length, although associate increases in tem-
perature and moisture stress may also increase interannual
crop variability (Porter et al., 2014). Heat stress during de-
velopment and flowering stages leads to suppressed plant
growth, reduced photosynthesis and shortened crop life,
which may lead to poor crop yield and quality (Stone, 2001;
Lobell and Gourdji, 2012; Bita and Gerats, 2013). Water stress
results in a shortened reproduction stage, reduced photosyn-
thesis rate, overheating, and increased pollen sterility (Barna-
bas et al., 2008; Alqudah et al., 2011). The impacts of climate
change will be most severe in rainfed systems, where annual
agricultural output depends on seasonal weather patterns. As
such, in rainfed agricultural systems, lower agricultural pro-
duction is not due to a lower annual rainfall, but due to the
uneven distribution of rainfall (Barron et al., 2003). Farmers
have already felt the impacts of climate change in the form
of increased temperatures, decreased precipitation, shifted
rainy-season onset, and increased short-term dry spells
(Paavola, 2008; Lema and Majule, 2009; Mongi et al., 2010).

Droughts and heat waves during critical crop growth
stages may also make landscapes increasingly vulnerable to
environmental degradation and losses of sediment and nutri-
ents. A review of climate-change impacts on soil erosion
(Nearing et al., 2004) concluded the amount of erosion may
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increase by 1.7 times the future, climate-induced increase in
annual rainfall. The degradation of water resources can be
worsened with unfavorable sequences of extreme events,
such as winter drought followed by spring floods, which can
result in substantial losses of soil, nutrients, and fertilizers
applied to agricultural fields and creating water quality prob-
lems, particularly in agricultural watersheds, and reduction in
food production (Parry et al., 2007; Sheshukov et al., 2011).

Considering the negative impacts of climate change, we
must develop adaptation strategies to cope with existing im-
pacts while developing mitigation strategies to reduce future
impacts. These strategies must work synergistically with the
best management practices (BMPs) that are commonly ap-
plied to mitigate impacts of anthropogenic activities, such as
agriculture and industry, on natural systems (Woznicki and
Nejadhashemi, 2014). BMPs include both structural and
management operations that aim to help regulate water qual-
ity and quantity and improve the condition of the natural en-
vironment (USGS, 2015). However, changes in temperature
and precipitation caused by climate change can lead to re-
duced BMP effectiveness (Woznicki et al., 2011; Woznicki
and Nejadhashemi, 2012; Bosch et al., 2014; Woznicki and
Nejadhashemi, 2014; Renkenberger et al., 2015). In general,
BMPs that utilized plants, such as native grass or cover
crops, that produced the greatest reduction in sediment and
nutrient loading, were found to be more sensitive to climate
change (Chaubey et al., 2010; Woznicki et al., 2011; Bosch
etal., 2014; Renkenberger et al., 2015). However, BMPs that
utilized structural changes and management operations, such
as no tillage and porous gully plugs, that produced lower re-
ductions in sediment and nutrient loading, were found to be
less sensitive to climate change (Chaubey et al., 2010; Woz-
nicki et al., 2011; Woznicki and Nejadhashemi, 2012). This
results in an overall decrease in BMP effectiveness as the
climate continues to change. Furthermore, scenarios consid-
ering more-extreme future climate scenarios indicated
greater loss of BMP effectiveness (Chaubey et al., 2010;
Woznicki and Nejadhashemi, 2014; Renkenberger et al.,
2015). In addition to this loss in effectiveness, future climate
scenarios indicated an increase in surface-water flows, sedi-
ment loads, and nutrient loads, which would result in greater
degradation of the ecosystems (Chaubey et al., 2010; Woz-
nicki et al., 2011; Bosch et al., 2014). In order to combat this
increase in degradation and loss in efficiency, additional
BMPs will be required to maintain or improve current eco-
system conditions in the future and to mitigate climate
change impacts.

CONTENT OF THE CLIMATE CHANGE

COLLECTION

In this introductory article, we highlight the major find-
ings from nine papers presented at the symposium and pub-
lished in this Collection. A summary of the results from
these studies is presented in table 1.

Climate change impacts can have important implications
in many developing countries. Anandhi et al. (2016) analyze
outputs from 36 General Circulation Models (GCMs) in south
Asia and report a high variability in future precipitation
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Table 1. Summary of articles included in the 2016 ASABE Climate Change Special Collection.

Topic Climate Model(s)
Authors Citation Focus Region Used® Title
Myoung, B., Kim, S. H., Trans. ASABE ~ Adaptation Southwestern NARR Regional variations of optimal sowing dates of maize
Kim, J., Kafatos, M.C. 59(6): 1759-1769 U.S. for the Southwestern United States
Kim, S. H., Myoung, B., Stack, Trans. ASABE ~ Adaptation Southwestern NARR Sensitivity of maize yield potential to regional climate in
D. H., Kim, J., Kafatos, M. C. 59(6): 1745-1757 U.S. the Southwestern United States

Anandhi, A., Omani, N., Trans. ASABE ~ Assessment Southern Asia

CMIPS5 (35 GCMs); Synthetic scenarios from CMIP5 model simulations for

Chaubey, 1., Horton, R., 59(6): 1715-1732. RCP4.5 and 8.5 climate change impact assessments in managed ecosystems
Bader, D., Nanjundiah, R. S. emission scenarios  and water resources: Case study in south Asian countries
Resende, N. C., Miranda, J. H., Trans. ASABE ~ Adaptation Campinas, HadCM3; AIB Regional climate changes on drainage systems: Effects on
Chou, S. C., Cooke, R. A. 59(6): 1783-1790 Brazil emission scenario  corn productivity and profitability in Campinas, Brazil
Sharda, V., Srivastava, P. Trans. ASABE ~ Adaptation Southeastern ~CWDI forecast Value of ENSO-forecasted drought information for the
59(6): 1733-1744 uU.s. based on IRI ENSO management of water resources of small to mid-size
forecast (22 models) communities.
Rotz, C. A., Skinner, R. H., Trans. ASABE ~ Mitigation, New York, 9 GCMs; RCP4.5  Evaluating greenhouse gas mitigation and climate
Stoner, A. M. K., Hayhoe, K.  59(6): 1771-1781 Adaptation U.S. and 8.5 emission change adaptation in dairy production using farm
scenarios simulation
Oliver, J. P., Schilling, J. S. Trans. ASABE ~ Mitigation NA NA Capture of methane by fungi: Evidence from lab-scale
59(6): 1791-1801 biofilter and chromatographic isotherm studies
Garbrecht, J. D., Nearing, M.  Appl. Eng. Agric. Adaptation Oklahoma, 10 GCMs; RCP4.5  Uncertainty of climate change impacts on soil erosion
A., Zhang,J. X. C,, 32(6): 833-846 uU.s. and 8.5 emission from cropland in central Oklahoma
Steiner, J. L. scenarios
Renkenberger, J., Montas, H., Trans. ASABE ~ Adaptation Maryland, GFDL CM2.1; B1, Climate change impact on critical source area
Leisnham, P., Chanse, V., 59(6): 1803-1819 U.Ss. Al1B, A2 emission identification in a Maryland watershed

Shirmohammadi, A., Sadeghi,
A., Brubaker, K., Rockler, A.,
Hutson, T., Lansing, D.

scenarios

[a] NARR: North American Regional Reanalysis; CMIP5: Coupled Model Intercomparison Project, Phase 5; CWDI: Community Water Deficit Index;
IRI: International Research Institute; GCM: General Circulation Model; RCP: Representative Concentration Pathways.

change ranging from a decrease of 23% to an increase of
52% during non-monsoon periods. Temperature is expected
to rise by 0.8% to 2.1% and will accelerate glacial retreat
resulting in increased flooding and conversion of many per-
ennial rivers to seasonal rivers. Reduced baseflow would
negatively affect groundwater recharge and would further
lead to groundwater decline affecting water availability for
agricultural, urban, and industrial uses. Prolonged droughts
can have devastating impacts on crop production, water
availability for agricultural, domestic, and industrial use, and
may result in severe economic losses.

Sharda and Srivastava (2016) assert that use of seasonal
to inter-annual climate forecasts in water management deci-
sion-making is lacking. Using a case study in the southeast
U.S., they show that small to medium-size municipalities
can save both water and money by using climate (drought)
forecasts and sound water (drought) management plans. The
authors demonstrate that water-use restrictions are effective
at reducing adverse impacts of drought when timed well with
climate forecasts. Similarly, the authors of this article be-
lieve that better use of climate projections can not only help
society mitigate the negative consequences of climate
change, but also save money.

Several studies have reported adverse impacts of climate
change on crop production. Kim et al. (2016) and Myoung
et al. (2016) show that, in the southwestern U.S., corn pro-
duction may be significantly affected by climate change, and
the sowing dates for corn may need to be adjusted to achieve
high yields. Based on simulations of past climate data using
the Agricultural Production System Simulator (APSIM)
model, Myoung et al. (2016) show that climate drivers can
substantially affect corn yields, with potential yields being
most sensitive to daily maximum and minimum tempera-
tures. Extremely hot conditions in peak growing season and

59(6): 1709-1713

extremely low temperatures in spring may substantially de-
crease corn yields. A similar reduction in corn yield is also
demonstrated for the New York region by Rotz et al. (2016)
and the Campinas Region in Brazil by Resende et al. (2016).
However, an increase in forage yield was reported for the
New York region. Early planting may be necessary in low
elevation warm regions to avoid yield reduction due to high
temperature stress in the summer. In high elevation areas,
warmer spring temperatures may enable early sowing and
longer growing seasons may potentially increase crop yield.
In Brazil, changes to current drainage practices are sug-
gested as an adaptation practice to maintain yields under cli-
mate change conditions.

Methane emission from livestock production may ac-
count for 35 to 40% of global anthropogenic methane emis-
sion (Jacobson et al., 2011). An effective climate-change
mitigation strategy must include reduction in emission of
greenhouse gases (GHGs), including methane. Oliver and
Schilling (2016), using a lab-scale biofilter, show that sev-
eral fungal species are capable of capturing methane from
livestock operations. The authors conclude that GHG emis-
sion from livestock operations can be considerably miti-
gated. Rotz et al. (2016) show that in dairy production sys-
tems, warmer temperatures will increase volatile losses of
ammonia nitrogen. They also show that increase in precipi-
tation will increase nutrient runoff losses to surface waters.
The authors show that with appropriate adaptation strategies,
annual farm profitability may increase by approximately
$100/cow. However, under high-emission scenarios, annual
profitability may become highly volatile and may result in
an overall decrease of $10/cow.

Best management practices work best when they are im-
plemented in critical source areas that export disproportion-
ately large amounts of nonpoint-source pollutants or in the
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areas where they can be most effective. Renkenberger et al.
(2016) show that under projected climate change scenarios,
critical source areas for runoff, sediment, and nutrients will
more than triple compared to current climate conditions in
the Chesapeake Bay watershed, going from 21% of water-
shed area under current climate to between 70% for the B1
(low) emissions scenario to 81% for the A2 (high) emissions
scenario. Under the projected climate change conditions in
the northeast U.S., new BMPs will have to be implemented,
in addition to current BMPs, to meet water-quality goals.

In evaluating climate change impacts on BMP effective-
ness, it is important to consider various sources of uncer-
tainty. Garbrecht et al. (2016) have evaluated uncertainties
due to multiple emission scenarios, choice of climate models,
and storm intensification alternatives. The authors show that
irrespective of the choice of emission scenario or climate
model, soil erosion is predicted to increase in the future. The
authors argue that “assessment of future effectiveness of con-
servation practices must not only consider the inherent uncer-
tainty associated with the realization of a future outcome, but
also the uncertainty due to imperfect prediction tools.”

SUMMARY AND CONCLUSIONS

The ASABE 1st Climate Change Symposium—Adapta-
tion and Mitigation was organized to initiate an interdiscipli-
nary dialogue to help researchers, policy makers, govern-
ment agencies, and other stakeholder groups relate to miti-
gation and adaptation strategies for maintaining and increas-
ing agricultural production while curtailing the negative im-
pacts of climate change. Given the scope and extent of the
impacts from climate variability and change on food produc-
tion, water resources, and ecosystem health, there is a need
to form global partnerships for developing climate-smart ag-
ricultural production strategies while minimizing negative
impacts on natural resources. For example, the scientific
community must work closely with the agricultural industry
to develop and adopt crop varieties that could increase crop
production under anticipated temperature and precipitation
changes. Similarly, irrigation strategies must be developed
where crop production is expected to drastically reduce un-
der rainfed conditions. Such efforts will enable us to develop
and implement holistic strategies for adapting and mitigating
the adverse impacts of climate variability and change as they
relate to agricultural production and watershed management.

This Special Collection highlights the fact that agricul-
tural production, water availability, and water quality are go-
ing to be substantially impacted by climate change. There
are technological options available to mitigate adverse im-
pacts of climate change, but adaptation strategies will re-
quire rethinking agricultural management practices to main-
tain crop and livestock production while protecting environ-
mental quality.
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