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Agricultural Production 
Heterogeneity - Biodiversity

• NSERC Strategic Project 2010-2013

• Co-PI with Lenore Fahrig, Doug King, 
Kathryn Lindsay, Post-docs Jon Pasher, Adam 
Smith, Jude Girard, Dennis Duro

• Actually, “Landscape indicators and agri-
environmental policies for biodiversity 
enhancement on agricultural lands”



Research Objectives

1. to determine which measure(s) of 
landscape heterogeneity are the best 
indicators (i.e., best predictors) of 
biodiversity in agricultural landscapes; 

• heterogeneity of natural area

• diversity of production area

• pattern of production area
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research is feasible,  
results are known, policy is limited

low research priority

Amount of Natural Area is NOT in our Study
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Diversity of Production Area
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Pattern of Production Area



Research Objectives

1. to determine which measure(s) of landscape 
heterogeneity are the best indicators (i.e., best 
predictors) of biodiversity in agricultural landscapes; 

2. to determine the appropriate spatial extent(s) at which 
the indicators best predict biodiversity and therefore the 
spatial extent(s) at which farmland policies should be 
implemented;



farmland  
heterogeneity



Research Objectives
1. to determine which measure(s) of landscape 

heterogeneity are the best indicators (i.e., best 
predictors) of biodiversity in agricultural landscapes; 

2. to determine the appropriate spatial extent(s) at which 
the indicators best predict biodiversity and therefore the 
spatial extent(s) at which farmland policies should be 
implemented;

3. to determine the relative importance of landscape 
heterogeneity and farming practices on farmland 
biodiversity;
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farmland heterogeneity

farming practices

biodiversity



Research Objectives
1. to determine which measure(s) of landscape heterogeneity are 

the best indicators (i.e., best predictors) of biodiversity in 
agricultural landscapes; 

2. to determine the appropriate spatial extent(s) at which the 
indicators best predict biodiversity and therefore the spatial 
extent(s) at which farmland policies should be implemented;

3. to determine the relative importance of landscape 
heterogeneity and farming practices on farmland biodiversity; &

4. to determine which agri-environmental policies are most 
effective at increasing the 'best' farmland biodiversity indicators 
(as identified in objective 1). 



Site Selection  
(“Pasher Protocol”)

Amount (% cover)

Diversity (# of types)

Heterogeneity 

Diversity 

Pattern scale (ie. Avg patch size)

Pattern variance (ie. 
Variance of patch size)

Pattern shape complexity 

(Semi-) Natural Area 
(NON-Production Agriculture)

Production 
Area

# of cover types

Evenness 

Farmland 
Structure

Pasher et al. (2013)



Selection Criteria

• N = 100 (final set)

• > N → Temporal changes / permissions / errors / 
other…

• Multiple Extents (i.e. 1x1 km, 2x2 km…)

• All criteria satisfied at each extent (!)

• > 60% Production Agriculture (row crops, hay, pasture)

• Variety of Heterogeneity Levels

• Diversity - # of cover types 

• Distribution of average field sizes
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Areas With > 60% Active Agriculture?



AAFC Crop Classification Data

• ~ 60 x 60 km SPOT scene centered near Casselman, ON

• Crop type classifications for every year 2004-2007 

• 2008 & 2009 yet to be completed 

• Field trained and validated à good accuracy
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Landsat Multispectral Imagery

• 3 x 
Normalized 
Difference 
Vegetation 
Index (NDVI)

• Best 
combination 
for 
differentiating 
between 
classes of 
interest



Introduce 15m 
internal buffer  

(ie ~ a single 30m 
pixel as buffer)

Landsat NDVI 
Colour Composite

SPOT 10m Panchromatic

Image Segmentation to 
Objects

Pixel Based Classification

AAFC 2007 Classification

Combine Using 
Majority of Pixels 
Per Object and 
Filter Out Small 
Objects

NEW MAP (30m resolution)

FRAGSTATS 
METRICS



Scatterplot Between Metrics  
(1km x 1km window)

Include some sites 
of extreme 
conditions?

R = 0.55

R = 0



Maximum Extent for Landscapes

•  

• Beyond a maximum extent (of 
interest) landscapes would not 
have enough variation to 
provide variability in field sites

• Approximately 3km x 3km 
extent

• Insignificant differences once > 
3km

• Also want landscapes as small 
as possible since they cannot 
overlap!





Biodiversity	Surveys Experiments

Land	use	ground-mapping







Some results





Bees

Syrphids





Ecosystem services results – biological control





Duro et al. (2014)





Further work in E.On.
• Jesse van den Berg: fuzzy logic to express 

heterogeneity

• Patrick Kirby: uncertainty from spatial data

• Niloofar Alavi: further investigation of getting more 
info from imagery

• Michelle Fairbrother: evaluating other measures of 
landscape heterogeneity

• Tonia Tanner: “porting” results from this project to 
landscape scenario exploration tool/project

• Amanda Martin: practices
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Martin et al. (in prep)
• We found important effects of both farming practices and farmland 

heterogeneity on multidiversity. In particular, we found greater 
diversity in untilled, perennial crop fields than tilled, annual row crop 
fields, and greater diversity in agricultural landscapes with smaller 
crop fields and less diverse crops. The negative effect of crop 
diversity on multidiversity indicates that this aspect of farmland 
heterogeneity does not necessarily benefit wildlife species. 
Nevertheless, a compelling implication of this study is that it 
suggests that policies/guidelines aimed at reducing crop field sizes 
would be at least as effective for conservation of biodiversity within 
working agricultural landscapes as those designed to promote 
wildlife-friendly farming practices.
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 994 

Fig. 5. Standardized effects (95% confidence interval; CI) of six farming practices (field 995 

rotation, fertilizer use, herbicide use, insecticide use, tiling, tillage), two measures of 996 

farmland heterogeneity (field size, crop diversity), and crop cover on farmland 997 

multidiversity. We modeled multidiversity as a function of the nine standardized 998 

predictor variables, plus a fixed effect of sampling location (field edge or field interior) 999 

and a random effect of sampling area, using a linear mixed effects model. Effects are 1000 

ordered from the strongest (left) to weakest (right) effect.  1001 
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Extreme weather: envisioning 
Ontario agriculture

Scott	Mitchell1,	Anna	Zaytseva1,	Dan	MacDonald2,		and	Ruth	Waldick1,2	

Adaptation	Canada	2016

(1)
(2)



Purpose -> constraints
• “…	create	and	deliver	information	about	prospective	climate	extremes	that	
will	affect	Ontario’s	agriculture	sector	and	rural	communities.	We	will	
develop	a	decision	support	model	(DSM)	to	characterize	risk	and	
vulnerabilities	associated	with	climate	change	and	extremes	in	agriculture,	
allowing	users	to	plan	for	and	mitigate	risks	by	evaluating	different	
adaptation	choices.”	

• spatial	scenario	modelling	framework	–	impacts	on	crops	and	livestock*	
• map-based,	field-level	mapping;	expectations	
• data	realities:	weather	stations	(time),	GCM	resolution	
• temporal	scales	at	which	can	say	much	about	future	extreme	events	are	hard	to	translate	to	

impacts	to	crops	and	livestock	

• use	of	seasonal,	phenology-linked	indices	with	links	to	specific	crops



Study area: eastern Ontario

(Zaytseva	M.Sc.	Thesis)





Indices derived from “just” weather data

• E.	Ontario	not	expected	to	be	a	hotspot	of	weather	extremes		
• but	types	of	extremes	of	particular	relevance	in	“regular”	agricultural	
operations	are	not	necessarily	what	people	first	think	of	as	“extreme”	

• “standard”	indices	are	available	to	analyse	and	compare	
weather	/	extremes	
• useful	to	describe	general	trends	

• some,	however,	mask	processes	that	are	important	to	agriculture



Why extremes?  This is NOT the whole story!

(Zaytseva	M.Sc.	Thesis)



The	Question

• How	will	day	to	day	
farm	operations	be	
affected	by	changing	
weather	patterns?

• Focus on seeding 
operations for cash 
crop farms. 

• Corn/soy/cereal 
based rotations.



Crop-specific weather extremes

Photo: Nati Harnik, AP Photo: Oklahoma Farm Report Photo: Howard F. Schwartz, CSU 



Indicator development

• Extensive literature review (close to 100 sources 
reviewed) 

• Expert consultations (AAFC, OMAFRA) 

• Crop tolerance thresholds to T and P conditions at 
various phenological stages were identified 

• Yield loss percentages associated with threshold 
exceedance were studied



MORE CROP RELEVANT INDICES:  FOCUS ON 
SEASONAL PHENOLOGY

• Corn	(for	example):

(Zaytseva	M.Sc.	Thesis)



Soybean-specific indices



Example: early flooding

A.	Zaytseva’s	DRAFT	M.Sc.	Thesis	(Carleton	
University).



Simulation	model	for	Eastern	Ontario







Processed post-run results (Corn)



Envision	Eastern	Ontario	Model

• 2844	farms	of	22	farm	types		
– Based	on	census	of	agriculture	statistics	
– Spatially	distributed	on	the	landscape	

• Average	farm	size,	not	their	real	locations	

• Weather	and	farming	operations	follow	a	daily	
time	step.	
– Maximum	and	minimum	temperature	and	
precipitation.	

• Crops	development	-	heat	unit	based	growth	
curves.



Example: projected seeding delays
Area	"lost"	to	fallow	due	to	seeding	delays
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Processed post-run results (Corn)



Processed post-run results (Corn)



Output maps and graphs (generic weather 
variables and extremes)



Presentation	by:	Tonia	Tanner	
	Supervisor:	Scott	Mitchell	

Trends and transitions between 
farm types and in the spatial 

layout of farm fields



Average	Farm	Size	in	eastern	Ontario
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Present Trends in Agriculture:

• Every	5	years	the	number	of	
farms	in	eastern	Ontario	
decreases	by	an	average	of	
364	

• Average	farm	size	is	increasing	
at	a	rate	of	between	5	to	9	ha	
every	5	years	throughout	the	
region	

• As	a	result,	we	have	fewer	
larger	farms



Indicates	a	decrease	in	the	
number	of	these	farm	types

Indicates	an	increase	in	the	average	
size	of	these	farm	types

Indicates	an	increase	in	the	
number	of	these	farm	types

Farm Type and Size Trends



 
Field sizes are growing

Figure	1.	Maps	displaying	15km	by	15km	agricultural	landscape	showing	only	corn		fields	and	
their	size	differences	between	1989-2011,	as	extracted	from	Landsat	imagery	(White	&	Roy,	
2015).

Figure	2.	Histogram	showing	corn	field	size	
change	from	1989	to	2011	(White	&	Roy,	2015).



Quantifying	field	size	change	in	eastern	Ontario

2015	2012	



 
  

2011	
Number	of	fields:	10	
Average	field	size:	

1.81	ha

2015	
Number	of	fields:	1	
Average	field	size:	

19.56	ha

Consolidation of fields

All	satellite	images	from	Google	Earth



When do expansion events stop, in 
a given year?

Average	Farm	Size	(ha)	-	Field	
Crop	Grain
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