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1. Problem: The challenge of ranching decision-
making during drought

2. Analysis: The role of decision modeling 
3. Policy: USDA’s rain-index insurance
4. Tools: Test drive an online ranch-drought decision 

model
5. Next steps: 
– Estimating the value of drought early warning
– Testing alternative drought indices for decision-making 

and insurance.

Today’s Webinar Roadmap



1. The Problem:

Sequential Decision-Making 
Under Uncertainty in Ranching



Each decision has financial, management and land implications, and different 
sensitivity to drought information; we explore those through decision modeling.

Ranching: 
Complex, sequential decision making under uncertainty 



Some factors include:
• Recent and current drought conditions
• Expectations about future drought conditions: What’s 

the forecast? What about next year?
• What options are available?
• What will other ranchers will do?
• Potential insurance payments (e.g., USDA RMA)
• Current market conditions, net worth, financial plan, 

and potential market response to drought

Drought decision making on the ranch



Plenty of good advice is available from ranch 
and range management experts



Most Common Advice: Decide Early

• Make decisions early during drought, 

• Adopt more adaptive herd management and 
land use, and

• Reduce pressure on the range—which is good 
for the enterprise and range ecology.  



What can help ranchers make this choice 
(earlier) in a drought? 

• Timely drought information (drought early warning 
and monitoring)

• Efficient decisions and risk management (decision 
support)

• Risk mitigation tools (e.g., insurance)



2. Analysis: 

Decision modeling 



Drought-oriented ranching 
decision models and other tools 
can help….

http://www.rightrisk.org/



Our Goal: Create a decision model that combines:
1. Drought
2. Ranch management
3. Insurance



3. Policy: 

USDA’s Rain-Index Insurance 
for Pasture, Range, and 

Forage (PRF)



The USDA’s Pasture, Range, and Forage (PRF) insurance 
program (rainfall index)







4. New Tools:

The Drought, Ranching, 
Insurance Response (DRIR) 

Model



Components of the basic ranch-
drought decision model

The Drought Ranch Insurance 
Response (DRIR) model combines 

drought, ranch strategies, and 
insurance modules



DRIR is written in Excel, built on Jeff Tranel, Rod Sharp, and John 
Deering’s “Strategies for beef cattle herds during times of 

drought” 



Five-year runs for a 600-head cow-calf operation accessing 8,000 acres 
in eastern Colorado with and without PRF insurance



The DRIR-R Model

• Builds upon the DRIR model 

• Written in “R” programming language, with an app for web 

use

• Extensions on the DRIR model:

• Dynamic effects on forage potential: Overgrazing 

reduces future productivity

• Cow-calf reproduction rates depend on how well fed 

cows are in the years leading up to reproduction

• Simplifies drought adaptation: choose intensity of 

investment, not type of investment

• Drought adaptation investment is linear, not binary



Ready for a tour?

Link:
https://earthlab.shinyapps.io/drought_decision_model_053117/

Code for insurance treatment: 1234567
Code for no insurance treatment: 2345678



Hypothesis Testing with Randomized Control 
Experiments

What we will test:
• Does insurance affect the intensity of grazing 

through larger herds? (upcoming)

• Does insurance affect investment in drought 
adaptation? (upcoming)

• How does early drought warning information affect 
investment in drought adaptation? (future/potential 
experiments)



4. Next Steps:

The Value of Drought Early 
Warning & Testing Drought 

Indices



Ongoing and future directions

• Examine the value of additional information 
(VAI) in decision-making (SDO & other 
forecasts, alternative drought indices)

• Assess ranch outcomes when the RMA PRF 
insurance payouts are pegged to different 
drought indices (USDM, EDDI, NDVI, etc.)

• Invite ranchers and policy makers to 
participate in simulation experiments online 
and in Earth Lab’s visualization and decision 
studio



2002
Ranch Strategies Outcomes

P drought continuing
Costs of insurance 9,262$                           0.6
Insurance indemnity 50,229$                         
Costs of feeding 77,199$                         
costs of renting pasture 45,000$                         
non-dr ops costs (309,262)$                      
drought/no adapt revenue 299,902$                       
no drought OR adap revenue 364,500$                       

Testing the value of 
drought forecast 
with a decision tree 
linked to the DRIR 
model



Comparing different drought 
measures

Gridded	Precipitation
NOAA/CPC’s	gadded	precipitation	data	set	
(1948-present),	often	as	monthly	totals	or	
percent	on	long-term	means	(above),	can	be	
used	to	assess	drought	risk.	The	index	is	from	
station	data	interpolated	onto	a	continuous	grid	
over	the	U.S.	at	.25	X	.25	degrees	(about	27	X	23	
km)	located	(NOAA	ESRL	product	description).	
The	precipitation	amount	for	each	grid	cell	is	
calculated	using	a	distance	weighted	optimal	
interpolation	of	the	four	nearest	reporting	
stations	for	that	day,	summed	to	monthly	values,	
and	normalized	against	the	mean	to	an	index	
that	ranges	form	0-200,	with	100	being	normal.

The	USDA	Pasture,	Forage	and	Range	
insurance	program	uses	the	index	to	
calculate	drought	pay-outs	on	its	
policies.

U.S.	Drought	Monitor’s
Drought	intensity	levels

We	also	use	the	weekly	“U.S.	drought	
Monitor”	(NIDIS	U.S.	Drought	Monitor),	a	
combination	of	meteorological,	
hydrological,	and	impacts	report	that	is	in	
wide	use.	The	drought	Monitor	is	mapped	
in	iso-lines	of	drought	intensity,	but	can	
also	be	used	as	a	gridded	data	via	shapefile	
data	from	the	National	Drought	Mitigation	
Center.

Evaporative	Demand	Drought	
Index	(EDDI)

EDDI	is	an	experimental	drought	index	
under	development	at	NOAA/ESRL	to	
measure	drought	via	evaporative	demand	
or	the	“thirst	of	the	atmosphere”	EDDI	2-
pager.	EDDI	is	calculated	by	comparing	the	
current	E0	to	climatology,	and	is	one	of	
several	new	and	experimental	products	
that	aim	both	to	measure	current	drought	
as	well	as	act	as	leading	indicators.	NOAA	
considers	EDDI	experimental	and	the	data	
is	not	publically	available.



How do rainfall-index 
payments compare to the 

USDM levels?



How	does	a	single	
station,	like	a	rancher’s	
personal	rain	gage,	
relate	to	gridded	
precipitation,	insurance	
payout,	Drought	
Monitor?

Testing how a ranch rain gauge 
reflects the PRF gridded rainfall



Main Takeaways
1. Ranching provides a testing ground for key 

theoretical questions on decision-making 
under uncertainty

2. Models and decision-making tools can help 
inform policy and stakeholders

3. Randomized controlled experiments 
powered by decision models can identify 
key places in drought response where 
intervention and information can lead to 
better decisions.



This and other applications of decision models to 
weather and climate adaptation on WWA website: 

– http://wwa.colorado.edu/themes/projects/drought_decision_analysis.html
– http://wwa.colorado.edu/resources/tools/decision_models/index.html

Feedback on the models appreciated:
– william.travis@colorado.edu
– trisha.shrum@colorado.edu



Thanks for your attention!

And a special thank you to:
Justin Derner, Danelle Peck, John Ritten, John 
Hewlett, Adam McCurdy, Evan Lih, Max Roland, Joe 
Tuccillo, and Travis Williams


