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Drought impacts environmental 
processes, international security, 

and our societal framework 
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Climate change impacts the 
hydrological cycle and land-surface ET 

• Reduced soil moisture has reduced 
global ET since 1997.  

• Reduced SM reduces the ‘buffer’ 
between atmosphere and land 
surface, increasing air temperatures. 

• Warmer temp.’s with less SM will 
reduce ecosystem productivity.  

 
Jung et al. 2010 Nature 467:951-954 



1930’s 2004, 2011, 2012  

Re-occurrence of Kansas Dust Storms? 

Can we predict and effectively respond to future droughts? 



i. current and projected water budgets for grassland 
systems,  

ii. the impacts of water stress and drought on 
grassland productivity and stability, and  

iii. potential strategies to maintain viable grasslands 
and their goods and services.  

 

Water resource management in grasslands 



Global grassland distribution 

Dixon et al. 2014 J. Biogeography 41:2003-19 



Grasslands, grazers, and humans 

~30% of 
terrestrial 

land surface 
is grasslands  

 

Credit: TX Parks & Wildlife 

• Habitat 

• Bio-
geochemical 
cycling 

• Human 
evolution 

• Ecological 
theory 

 

Human Services 
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Cattle Production Corn Production 

Grasslands and Agriculture in the U.S. 

Winter Wheat Production 

Grassland types http://www.nass.usda.gov/ 

USDA Statistics Service 



Projected change in number of hot days 

Fig. 19.2 – National Climate Change Assessment Report 2014 

http://nca2014.globalchange.gov/ 



Change in consecutive dry days 

Fig. 19.5 – National Climate Change Assessment Report 2014 

http://nca2014.globalchange.gov/ 



Soil moisture 
integrates 
responses from 
vegetation to 
atmosphere 

Climate-change drivers 
• Increasing [CO2] 
• Altered precipitation 
• Warming temp.’s 

Soil-water availability 
• NPP 
• C cycling 
• Species present 
• Grazers 
• Plant phenology 

Ecosystem Services 
• Provisioning 
• Regulating 
• Supporting 
• Cultural 

[Fig. 5] Polley et al. 2013 J. Rangeland 
 Mgt. 66:493-511 

Soil resources 

Regional 
climate 

Potential biota 

Land-use 
legacies 



Temperate grassland hydrological cycle reflects rainfall amount and timing 

Runoff 
Infiltration 

Precipitation 

Transpiration 
/ Evaporation  

Precipitation 

Evaporation / 
Transpiration 

Future ?  
increased event sizes, decreased frequency, altered seasonality, increased air temperatures 

Runoff 
Infiltration 

photo by: Eva Horne 



How does water stress impact grassland 
productivity and physiology? 

Annually-burned grassland, Konza Prairie – eastern KS, USA 

Sept., 2008 
ANPP – 1000 g m-2 – yr-1 

+25% annual rainfall 
 

Sept., 2012 
ANPP – 400 g m-2 – yr-1 

-50% annual rainfall 
 



Drought tolerance Drought avoidance 

Craine et al. 2013 Nature Climate Change 3:63-67 

Root 
allocation 

Root 
plasticity 

Nippert & Holdo in press Functional Ecology 

Art by: John J. Girvin III 

How does water stress impact grassland 
productivity and physiology? 



Major Challenges 

Prediction Production 

Photo credits: Judd Patterson 



PREDICTION 
• Physiology 
• Traits 
• Drought 

experiments 
• Root 

dynamics 
• Forecasting 

grassland 
responses 



Major Challenges 

Prediction Production 

Photo credits: Judd Patterson 



Butler et al. 2014 



PRODUCTION 
• Improved 

cultivars 
• Sensitivity to 

drought 
• Grassland 

management 
• ↑system 

resilience 
 



NEW METHODS NEW GENOTYPES  NEW CROPS 

GRASSLAND SUSTAINABILITY WILL REQUIRE -  

Altered precip. 

↑ air temp. 

↓ irrigation 

Drought 

↑ Flood 

RESPONSE OUTCOME CHANGE 

Altered 
growing 
seasons 

Less water 
available 

Lower 
yields 

Reduced 
forage 

Failed 
crops 



Perennial Polycultures 
• Greater ET than annuals 

 

• more water available  
• no tillage,  
• increased soil structure, 
•  increased SOM,  
• incr. water holding 

capacity 

• During bad years, crops 
used for forage 

• Potential for niche 
partitioning maximizes 
total water-use 

  

Domesticating native species  (Silphium) 
Perennialzing current annual crops (Kernza) 
  

Next  
Frontiers? 

www.landinstitute.org 

But, 



Strategy for Adaptive Management 

Ecological Services 

Agriculture Range 
Management 

Grassland mgt will require: 
• Balanced goals 
• Effective communication 
• Improved efficiency 
• Intensification 
• Interdisciplinarity 
• Novel solutions 
• Social investment 
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