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Main points

•  “AdaptaEon”	is	not	as	easy	as	it	sounds	



IPCC:	AdaptaEon	is	something	that	reduces	negaEve	
or	enhances	posiEve	impacts	of	climate	change	



IPCC WG2, 2014 

Model es5mates of adapta5on



The problem:

• Models	are	typically	calculaEng	adaptaEon	as	C	-	D	
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(e.g.	drought,	heat)	 Lobell, 2014, Global Food Security 

D	=	More	drought,	no	
new	technologies	

C	=	More	drought,	new	
“drought-tolerant”	seed	

e.g.:	
A	=	Stable	climate,	new	
“drought-tolerant”	seed	

B	=	Stable	climate,	no	new	
technologies	



What types of adapta5ons are used?

Rosenzweig	and	Parry	1994	Nature	



We know that, regardless of climate change:

1)  Technologies	that	reduce	climate	risks	lead	to	greater	
intensificaEon	(e.g.,	Emerick	et	al.	2015).	Indeed,	this	is	the	basis	
for	a	lot	of	current	investment	in	Africa.		

2)  A	lot	of	past	yield	progress	has	been	driven	by	geneEc	and	
management	changes	that	improve	stress	tolerance	or	escape.	



Global average grain yields



Most of historical gains in maize from beGer stress tolerance

Duvick	2005	



Earlier sowing and longer varie5es also part of “exogenous” yield trend 

Kucharik et al 2006, Sacks and Kucharik 2011

“Averaged across the 12 states, the simulated effect of trends to earlier planting and 
longer season cultivars accounts for 26% of the observed yield trend from 1981 to 2005”	

 US corn planting date





Heat is a well-known constraint in India

OrEz-Monasterio	et	al.	1994	



Much of recent wheat yield growth can 
be aGributed to earlier sowing

Lobell	et	al.,	2013,	Ag	Syst	

Earlier	sowing	
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“Adapta$on”,	from:	
	
• Increased	drought	and	heat	
tolerance?	
• Increased	water	and	nutrient	use	
and	efficiency?	
• Earlier	sowing?	
• Longer	maturing	varie$es?	

Beware of double coun5ng



Empirical Evidence



No sign of declining sensi5vity to drought in corn

Lobell	et	al.,	2014,	Science	



No evidence of less sensi5vity on long vs. short 5me scales

Burke	and	Emerick,	2015	

	
Annual	anomalies	
	
20	year	differences	

US	corn	yield	response	inferred	from:	



No sign of declining sensi5vity to heat in wheat

Tack	et	al.,	2015,	PNAS	

%	US	wheat	yield	
change	for	1	degree	
day	above	34	°C	



Main points

•  “AdaptaEon”	is	not	as	easy	as	it	sounds	

• Most	adaptaEon	funding	aims	to	support	generic	producEvity	
improvements,	whether	or	not	they	actually	reduce	climate	impacts.	
That	makes	some	sense,	in	that	anything	“good”	will	offset	“bad”	
impacts	



Is this all just seman5cs?

Farmers	clearly	need	technologies	and	
policies	that	reduce	current	climate	risks.	
AdaptaEon	in	this	broader	sense	isn’t	bad.		
	
BUT	this	should	not	lead	to:	
	
-understaEng	impacts	of	climate	change	
	
-failure	to	deal	with	novel	risks	



Main points

•  “AdaptaEon”	is	not	as	easy	as	it	sounds	

• Most	adaptaEon	funding	aims	to	support	generic	producEvity	
improvements,	whether	or	not	they	actually	reduce	climate	impacts.	
That	makes	some	sense,	in	that	anything	“good”	will	offset	“bad”	
impacts	

• But,	an	“adaptaEon	strategy”	should	balance	these	generic	needs	
with	a	parEal	focus	on	the	new	needs	and	opportuniEes	that	arise	
because	of	climate	change	



An example for Australia



An example for Australia

Lobell	et	al.	2015,	Global	
Change	Biology	



Drought environment types:

sorghum	drought	
increase	

Wheat	drought	
decrease	

Lobell	et	al.	2015,	Global	Change	Biology	



Drought environment types:
Drought	decrease	for	
both	with	CO2	



For both crops, it will be much less common to get 
drought without heat:

Frequency	of	different	combinaEons	of	“drought”	and	“heat”	

“drought”	=	ET	3,	4,	or	5	
“heat”	=	>10%	yield	loss	from	heat	in	suscepEble	variety	



For both crops, heat becomes rela5vely more 
important

Average yield impacts associated with drought and heat



Implica5ons

•  Breeding	to	reduce	impacts	of	high	temperatures	is	increasingly	
important	

•  Drought	traits	will	remain	useful,	but	only	if	they	are	useful	
during	hot	droughts	



Main points

•  “AdaptaEon”	is	not	as	easy	as	it	sounds	

• Most	adaptaEon	funding	aims	to	support	generic	producEvity	
improvements,	whether	or	not	they	actually	reduce	climate	impacts.	That	
makes	some	sense,	in	that	anything	“good”	will	offset	“bad”	impacts	

•  But,	an	“adaptaEon	strategy”	should	balance	these	generic	needs	with	a	
parEal	focus	on	the	new	needs	and	opportuniEes	that	arise	because	of	
climate	change	

•  These	new	needs	will	depend	on	region-specific	trends	in	T,	P,	and	
humidity,	as	well	as	the	current	focus	of	crop	research.	



2081-2100	

2016-2035	

DJF	PrecipitaEon	changes	(RCP8.5)	compared	to	1986-2005	

Rainfall is “uncertain” mostly because of natural variability

Based	on	IPCC	
(2013),	WG1,	CH12	

3	types	of	projecEons:	
	
•  Agreed	on	small	effect	of	climate	

change	(no	marking):	<50%	of	models	
show	significant	change	relaEve	to	natural	
variability	

•  Robust	large	change	(sEpling):	>50%	
models	show	significant	change	relaEve	to	
natural	variability,	and	80%	agree	on	sign	of	
change	

•  Unreliable	large	change	(white):	as	
above	but	<80%	agree	on	sign	of	change	



Changes in other aspects of hydrology are less uncertain

IPCC	(2013),	WG1,	SPM	



Changes in other aspects of hydrology are less uncertain

IPCC	(2013),	WG1,	CH12	



So what is an 80/20 approach?

•  If	we	assume	adaptaEon	funds	are	large	relaEve	to	current	agricultural	
investment,	take	80%	and	work	on	stuff	that	brings	biggest	overall	benefits	
in	current	climate	(i.e.,	“no-regrets”).	

•  But	set	aside	20%	to	idenEfy	and	develop	strategies	that	are	truly	adapEve	
to	the	new	climate.	

•  In	doing	this,	be	careful	not	to	overstate	the	adapEve	benefit.	Farmers	are	
not	dumb	–	they	capitalize	on	new	technologies	even	without	climate	
change,	and	we	shouldn’t	double	count	this	as	adaptaEon.		



Some “good bets” for true adapta5on

• In	temperate	(richer)	countries,	anything	that	takes	
advantage	of	less	cold	constraints	(e.g.,	double	cropping)	

• In	both	poor	and	rich	countries,	anything	that	deals	with	
rapidly	increasing	risks	(e.g.	heat	tolerance	at	flowering)	



Sorghum heat tolerance

Singh	et	al.	2015	
sensiEve	 tolerant	



Most of these are an important source of “exogenous” yield trends in 
supply projec5ons
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Most of these are an important source of “exogenous” yield trends in 
supply projec5ons
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(Rosenzweig	et	al.	2014,	PNAS)	



What types of adapta5ons are used?

Rosenzweig	and	Parry	1994	Nature	



"An	80/20	approach	to	climate	change	adaptaEon	in	cereal	
systems"	
Abstract:	
Much	of	what	is	required	to	improve	cereal	systems	in	the	face	
of	climate	change	are	the	same	things	that	we'd	need	even	if	
the	climate	was	not	changing.	These	include	general	needs	
such	as	robust	breeding	and	agronomy	research	capacity,	and	
more	specific	needs	such	as	improved	drought	tolerance.	Thus,	
a	large	fracEon	(say,	80%)	of	"adaptaEon"	resources	aimed	at	
improving	agriculture	should	focus	on	these	things,	as	they	
open	represent	the	most	cost-effecEve	investment	strategies.	
At	the	same	Eme,	climate	change	opens	up	some	unique	risks	
and	opportuniEes	--	things	we	could	safely	ignore	if	the	climate	
was	not	changing.	EffecEve	adaptaEon	involves	not	piqng	old	
needs	vs.	new	needs,	but	rather	idenEfying	the	right	
investments	to	make	in	each	category.	One	way	to	achieve	this	
balance	is	to	focus	modeling	and	experimental	work	on	
idenEfying	investments	that	have	significantly	higher	or	lower	
value	in	future	vs.	current	climate.	Some	examples	of	this	type	
of	work	will	be	presented.	
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