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• Shelterbelts/windbreaks	are	a	century-old	agroforestry	practice	used	in	the	Canadian	Prairies	to	manage	soil	
erosion	and	fertility	loss	 from	farm	land.	

• During	a	five-year	project	(2011-2016),	 shelterbelts	were	studied	for	the	Agriculture	Greenhouse	Gases	Program	
(AGGP)	of	the	Government	of	Canada.	

• We	inventoried	60,194	km	of	shelterbelts	in	Saskatchewan,	planted	with	varying	number	of	tree	rows.	
• The	average	C	sequestration	rate	ranged	from	1.9-6.3	Mg	C	km-1	yr-1 (per	row),	and	the	provincial	total	

ecosystem	C	stocks	for	six	common	shelterbelt	species	was	10.8	Tg	C	(1	Tg=1	million	Mg),	worth	$595	
million	at	$15	price-per-MgCO2-eq.	

• About	4.85	Tg	C	were	C	stocks	additions	 from	shelterbelt	planting,	78%	of	which	occurred	in	the	period	
after	1990.		

• A	second,	AGGP-2	project	(2017-2021) is	currently	underway	at	the	University	of	Saskatchewan,	and	is	focused	
on	developing	a	Management	Support	Toolbox	for	Carbon	Sequestration	Strategies	Using	Agroforestry	
Shelterbelt	Systems	in	Saskatchewan.	

• The	overall	aim	of	the	ongoing	AGGP-2	project	is	to	create	a	farmer-oriented,	interactive	toolbox	(for	web	
and	smart	phone	use)	for	practical	knowledge	dissemination	 to	farmers	when	planting	new	shelterbelts	
or	renewing	existing	ones.	

• This	toolbox	will:	(1)	provide	a	research-based	and	evidence-based	knowledge	to	enhance	GHG	mitigation	
on	farm	land	by	shelterbelt	establishment	and	using	beneficial	management	practices;	(2)	expand	the	
shelterbelt	awareness	among	farmers	in	regard	to	the	carbon	sequestration	potential	of	shelterbelts,	
including	carbon	credit	analysis;	and	(3)	provide	quick,	relevant	and	practical	information	to	assist	farmers	
in	their	own	crop	production	and	shelterbelt	management	operations.

Website: https://saskagroforestry.weebly.com/

Shelterbelts as an Agroforestry Management Practice 
for the Mitigation of Greenhouse Gases
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Management Support Toolbox for Carbon Sequestration Strategies 
Using Agroforestry Shelterbelt Systems in Saskatchewan



SP;	12342;	Age:	23	yrs;	Height:	9	m;	DBH	=	20	cm

Planted 
Shelterbelts:

‘when’ 
and 

‘where’



Annual (1925 to 2009) record of shelterbelt trees sent to farmers 
across Saskatchewan through the Prairie Shelterbelt Program



Time-lapse (1925 to 
2009) of expected 

shelterbelt 
establishment in 
Saskatchewan

1930s 1940s 1950s

1960s 1970s 1980s

1990s 2000s Yr 2009

Amichev et al. Agroforestry 
Systems 89(1), (2015) 49-65



• Area = 5,400,500 ha; 
• Total number WS 

planted = 1,544,914;
• Overall  WS mapping 

accuracy = 74%

• Area = 9,727,700 ha; 
• Total number CG 

planted = 64,573,630;
• Overall  CG mapping 

accuracy = 69%

• Area = 11,489,500 ha; 
• Total number GA 

planted = 9,916,161;
• Overall  GA mapping 

accuracy = 52%

• Area = 7,148,100 ha; 
• Total number HP 

planted = 5,684,728;
• Overall  HP mapping 

accuracy = 57%

• Area = 4,672,000 ha; 
• Total number MM 

planted = 3,236,917;
• Overall  MM mapping 

accuracy = 69%

• Area = 5,237,300 ha; 
• Total number SP 

planted = 1,966,654;
• Overall  SP mapping 

accuracy = 72%
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‘… and today’

SP;	12342;	Age:	23	yrs;	Height:	9	m;	DBH	=	20	cm



The Saskatchewan Shelterbelt Inventory
(Province-wide digitized dataset completed in 2014-2017)

20 Km

Piwowar et al. Canadian Journal of Soil Science (2017); http://dx.doi.org/10.1139/CJSS-2016-0098

Shb.	Length:
60,194	km

~1,600	shelterbelts	(shb.	length	=	832	km)



Randomized-branch sampling (RBS) with 
Importance sampling (IS) 

modified
for tree biomass sampling in shelterbelts

‘Collected data using a unique sampling 
technique’

Applied across the entire province



SP;	Aitken;	Age:	26	yrs;	Height:	12	m;	DBH	=	24	cm



Biomass/growth data
• Exact UTM coordinates
• DBH (cm)
• Height (m)
• Average crown width (m)
• AGE (yr) via using tree cores
• MAIN SPECIES
• TREE SPACING - by length (m)
• TREE SPACING - by width (m)
• Shelterbelt DESIGN - N rows
• Other SPECIES (list)
• Notes about shelterbelt status, 

observed problems, history, etc.
• Tree mortality in shelterbelt (%)
• Total number trees in shelterbelt
• Shelterbelt length (m)
• Soil samples
• Fine root core samples

• TREE Branches and bark (OD, kg)
• TOTAL tree biomass (OD, kg)
• TREE Stem and bark (OD, kg)
• TREE leaves (OD, kg)



Davis et. Al. Agroforestry Systems 87, 
(2013) 713-727;

Master	chronologies	of	
nine	shelterbelt	species,	
demonstrating	standardized	
ring-width	growth	over	time

Tree Core data: Nature’s climate record



Shelterbelt and adjacent 
field soil samples

Landowner surveys 
received (e.g. removal)



HP;	Blakely;	Age:	20-30yrs;	Height:	16	m;	DBH	=	35	cm



‘…and LEARNED a LOT’



HP;	Blakely;	Age:	20-30yrs;	Height:	16	m;	DBH	=	35	cm

Shelterbelt 
Vs. 

no-shelterbelt



Shelterbelt	Tree	and	Shrub	GrowthAGGP-1



Ha-to-Km	conversion:	
(HP	example)				356	trees/ha	*	2	m/tree	*	(1/1000)	=	0.712	Km/ha

5.18	Mg	C/ha/yr	*	(1/0.712	Km/ha)	=	7.82	Mg	C/Km/yr

(MM	example)	791	trees/ha	*	2	m/tree	*	(1/1000)	=	1.58	Km/ha
5.26	Mg	C/ha/yr	*	(1/1.58	Km/ha)	=	3.32	Mg	C/Km/yr

Province-wide	Carbon	Sequestration	rates	and	StocksAGGP-1



CBC	article	(26	Feb	2016):	http://www.cbc.ca/news/politics/cp-carbon-pricing-federal-provinces-1.3466906

The ($) value of carbon in planted shelterbelts

$	595	million	…Worth	it!

AGGP-1



Removal	of	Shelterbelts



Soil	survey	data

Identified the costs, benefits and the barriers to adoption and retention of
shelterbelts that influence agricultural producers and landowners’ management
decisions related to shelterbelts.

Reasons for removal of shelterbelts

AGGP-1



Inventory	of	Removed	Shelterbelts

§ Maps show	the	extent	and	C	stocks	of	removed	shelterbelts	in	Saskatchewan	during	2008-2016	period.	Total	
removed	C	stocks	and	%	of	total	values	are	for	individual	Canada	Census	Subdivision	units	(N=299,	delineated	by	
red	polygons).

§ A	total	of	2,604	km	of	planted	shelterbelts	were	removed,	sequestering	202	Gg	C	(1	Gg	=	1,000	Mg	=	1,000	tons)	
in	five	soil	zones	in	the	province,	dominated	by	shrub	shelterbelt	 removal	in	south-west,	deciduous	in	south-east,	
and	coniferous	shelterbelts	 in	central	Saskatchewan.

§ The	majority	of	removals	were	shrub shelterbelts	(1,770	km,	sequestering	113	Gg	C),	followed	by	deciduous (737	
km,	=80	Gg	C)	and	coniferous shelterbelts	(97	km;	=5.5	Gg	C),	ranging	in	age	from	10	to	80-years-old.

AGGP-2



=example

Prevalence	of	Management	Practices	
Used	in	Shelterbelt	(N=63	surveys)

Legend:
1111	=	HFIT
1101	=	HF^T
1011	=	H^IT
1001	=	H^^T
1000 =	H^^^
111	=	^FIT
101 =	^F^T
11	=	^^IT
1	=	̂ ^^T

AGGP-2:	Survey

(H-F-I-T)
Herbicide
Fertilizer
Irrigation
Tillage



AGGP-2:	DSS,	ongoing Shelterbelt	Decision-Support	System

Inputs
ü Geographic	position.
ü Soil	information.
ü Shelterbelt	length.
ü Tree	spacing.
ü Number	of	tree	rows.
ü Shelterbelt	species	

composition.
ü Shelterbelt	type	(field,	 yard,	

roadside,	riparian,	etc.).
ü Optimization	preference	

(fast	growth,	max	GHG	
sequestration,	etc.).

Outputs
Ø Recommended	species,	

design,	and	management	for	
new	shelterbelts.

Ø Growth	and	sequestered	
carbon	rate	and	stocks	for	
current	and	future	years.

Ø Cost	of	implementing	and	
maintaining	shelterbelt.

Ø Summary	of	environmental	
benefits.

Ø Summary	of	socio-economic	
benefits.



Publications (AGGP-1 & AGGP-2)

Visit:	https://saskagroforestry.weebly.com/


