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Fire in the Fields:
Moving Beyond the Damagef Open Agricultual

Burning on CommunitiesSoil, and the Cryosphere
ProjectSummary Finding€Open Burning in the Andes artdimalayas

l. Introduction

In the Andes prior to the arrival of the Spanish and the introduction of the plow, the
practice of burnindields carried a penalty of death because it damaged the soil, the
lifeblood of high agricultural yield$n the Himalayas, communities valued stubhbk

an important resource, gathered after harvest for livestock bedding, food or fuel for the
home hearth.

Open burningrefers to a common agricultural practice foumoday throughout the

world, includingimportant cryosphere regions such agrthern Euasia,the Andes and

the Himalayasilt isthe regular and periodiburning of cultivated fields for the purpose

of cheaply and quicklyemoving excessvegetation including crop residuesuch as

straw, weeds and wasteprior to sowing a new cropin contrast to the traditional
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some farmers ananosturban dwellergo enrichthe soil In reality however,burning

damages soil and decreases its productive capacity byaesg the humus (organic

matter) and soil structure vital to good productipwhile at the same time destroying

a potential resource; the straw With each successive burn, soils become less fertile

and water retentive and prone to erosion, increasing theed for fertilizer, local

irrigation and ruroff systems.Many farmers are wekware of these impacts but lack

the tools and kowledge to adopt alternativesNevertheless, alternatives abound

chiefly Conservation Agriculture (CA) practi(f@®adly ddined as practices that keep

the soiled covered)but alsousingad 4 NI ¢ F 2 NJ T dzSi A=t f 2NJ LANE YOLIEARO S@
incorporate the straw into the earth to enrich the soil.

Althoughsuchalternatives have spread throughout the Americas and in some pafts
Europe traditional practicesand resistance to change continue to hobble agricultural
productivity and, as we now know, accelerate climate change and glacial melt
especially in théArctic, Andes and Himalayathrough deposition of black carbon on
snow and ice regions already under pressure from climate change

The Climate and Clean Air Coaliti@CAC), founded in 201s2eks to reduce harmful

shortlived climate pollutants (SLCPs) from a variety of sectorsluding an

Agricultural Initiative that includes effort® reduce methane from livestock and rice

paddies, as well as black carbon (BC) frgardourning ¢ KS LY AGALF GABSQA h L
GComponentseeks to demonstrate at the local level that chadagricultural practices

are feasible and carboth successfully reduce climate warming and healdmaging
emissionswhile alsoincreasing soll fertilityand soil water retention Better practices
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may even createmew markets for agriculturalresidues formerly burned In a changing
climate, no-burn practicesare ideal for improving soil fertility and crop yields
providing adaptation benefitsduring morefrequent extreme weather eventsThis is
achievedboth through greater moisture retention in dry peds, as seeding occurs
through nonplowed stubble as well aslecreased erosion in the opposite extreme of
heavy rains since the remaining stubble holds soil in plateaddition, the UNEP
Emissions Gap studies have identifl@Aas a primary means to meet the twiegree
goal, with a consensus that these methods fix more soil carbon than traditional
plowing methods.

Conservation agricultural practices-eenerged in the wake of the 1930s Dustbowl in
the Great Plains of the UniteStates and repeated droughtd the early 1950sToday,
agricultural experts regard CA cultivation practices as ascendant dheiteeconomic

and environmental benefits. However, only recently have these experts begun to
appreciatethat the open burningcommonly practiced with tillages an accelerant for
climate change, especially in delicate cryosphere zones dependent on glacial stability.
Within the climate changecommunity, alternative practices to mitigate open burning
are even less understood and rioas widely recognized as othetimate polluting
sectors, in part because technological alternatives are not as obvious and because
many solutions are not supported by effe® policies and enforcementhe CCAC has
thus an opportunity to bridge the gapetween the SLCP community and the
agricultural community including farmers themselves who have identified climatic
changes but do not necessarily know how best to respond to it

As millions of people depend on glacier melt for access to clean watdrifdking and
irrigation, glacial deposition of black carbdnom open burning can endanger food
security and livelihoodsThis CCAC work complements others that are working to
reduce the impact of agriculture on climate change and vice versa (dignateSmart
Agriculture, http://www.fao.org/climate-smart-agriculture/en/), but adds a particular
focus onshort-lived climate pollutantdike BCand the role of the majority of small and
mediumsized producers in this regard

This report summarizes what has been learniz G A f Yy 26 T N&8Ypeh/ ! /| Qa ¢
burning in the Andes and Himalayan cryosphere zdhesugh an 18month project
a02LIAY3 GKS a0FtS 2F GKS LbdtPwhé &héen, where 1 KS & S
YR gKeéé¢ 2F 2LISy o0daNYyAy3dI GKSNBT ARSYGATAS
region; and suggests some ldwl Yy 3Ay 3 FNHzZA G aOF Gl fte&adé LINRE
change that may be supported by bilateral donors, privatea@eimundations, mult

lateral develpment banks or the CCAC itsdlhis report alsdighlightselements of,

and lessons learned from, earlier work by its main implementer, the International
Cryosphere Climate Initiative (ICCWith support from the Swedh Ministry of
Environment, the Nordic Environment Finance Corporation (NEFCO) and the Oak
Foundation of Geneva, Switzerlgrahd highlights next steps on the global level. These

lessons learned include & K NGBS tRe ¢ LINRPINI Y& (Klwarenddsy f SI R
among farmers, public sector officials and other stakeholders of the dangers of open
burning and the wide availability aiore affordable and sustainable agricultural

practices
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Rapid change is possibMhen itrep2 Y R4 (2 T beNiM&astBElrOPoland ¥ind

the Baltics, widespread open burning was reduced to EU levels in a périogears.
However, the effortrequires a combination of farmer extension education, political

will and financing andhot least, connections with related work by major stakeholders
such as FAO, UNEP and the multilateral development banks, as well a regional
governmental and farmer interest and support. With sustained effort and good
political will, open burning can andilvbecome an excepticra relic of the recent

past bringing the practice of open burning full circleo earlier sustainable and
traditional practicesto where it again becomes a waste of valuable resources and an
dzy 6 KAY 1l 06fS ONRYSofthedoild yad GKS af AFSof22R

lI.  Climate Change, SLCPs and Open Burning

Shortlived climate pollutants (SLGPmethane, black carbon and tropospheric ozone)
last in the atmosphere for a few days to several weshka up to 12 years for methane
which means their abatement can have aimost immediate positive impact on
climate and temperature. Open burning tise single largest source of BC emissions
globally, producing over one third of such emissicagp(oximately2700Ggor 36%3).
Althoughset agricultural fires comprise a smaller portion of this figureZ0®),these
agricultural firesare responsible for the vast majority of all open burning because they
so often spread and cause forest and field fifes / 2 Y 1 NI NB (2 LI4Jdzf | NJ ¢
causes such as lightening are responsible for a smalbrity of wildfires,and these
primarily at very high polar latitude$Vhenagriculturalfires burn out of contro] even
GAOGK dGRY GNENY Ay I¢ Ly kaOsk Safiger Xoyest, lpkatidO S
grassland, and pasture wildfires, which then release additional BC, methane, CO, and
CQ and damage or destroy nearby sensitive ecosystems, habitats and carborg sinks
whichin the cryosphereincludesancient peatlands

Measures aimed at addressing SLCPs have a greater positive impact on slowing
GENYAYI Ay (0KS SIFNIKQa ONER idrékpSshide impaiNI A OS |
arises from theenhanced influencef BCemissions over the highly reflective surface

of iceand snow.

b2 &2dNOS o6SELISOG LRaarofte 1SNRaSopéh I yiSN
burning produces complex mixture of pollutants thatdverselyimpact both health

and climate.Some sourcedncluding open burningmit high percentages of theore

reflective white organic carbon and yellow sulfates oftenecoitted with BC The

f AAKGSNI 2NHFYAO OFNDP2Yy YR adzZ FI GhseaNBSFt SO
cooling effect strongethan the warming effeciof BC emittedrom that same source.
However,black carbon researchers know tod#yat this effect happens only over a

surface that is darker to begin witfihere is far more certaintgabout the effect of BC

on surface and atmospheric warmirayer snow and iceTre a OB Ry 3¢ A Y LI Of
absent over a white and highly reflectigarfacelike ice or snow, such as the Arctic,

1Bond, T.C. and 29 other authors. (2013), Bounding the role of black carbondimthée system: A
scientific assessment. J. Geophys. Res. Atmos. 118,5532%) doi:10.1002/jgrd.50171.



Andes or Himalayasthus leaving little doubt as to the negative impact a@en
burningin cryosphere zones.

While the health impacts are well domented, emissions monitoring and tracking,
such as in Chacaltaya, Bolj\aad a newproject in Huancayo, Peras wellasprojects

by CCAC Partners ICIMOD and EVK2CNR in the Himalayascently have buila
more definitive understandingegarding theextent andimpact of open burning on
local glaciers and water supplieghough some farmers near these glaciers seem well
aware of such impacts and are searching for solutions.

In addition tospeeding melting throgh the deposibon of BC and contrary to what
many farmers believe, open agricultural burning badgmages soifjuality (a non
renewable material) by compacting and destroying the humus and organic matter that
make agricultural lands productiveAs noted, sil damage from open burning
decreases water retention and agricultural yields at a time when agriculture is already
under stress from climate change.

The summer 2010 fires in European Russian documented the degree to winge s
from habitual or annuabpen agriculturalburning significantly anchegatively impacts
human health with Russia authorities estimating that 25,000 additional deaths
occurred that summer in Moscow alonRecent studies showhat 5-10 percent of
global air pollution deathgapproximately250,000 deaths annually@gre due to open
biomass burningLelieveld et al. (2015) note that BMfrom agricultural sourcess the
main contributor to premature mortality from air pollution for the eastern U.S.,
Europe, Russia, and East AsiBiomass buningwill likely cause a 02K temperature
increase in the next 20 years dbbal climate change BondQ éstimateof ~ 2700 Gg

of BC per year due topen burning of biomass is argued to be the most uncertain
sourdng of BC due to lack of scientifimalysi8. However the uncertaintypoints to an
underestimaton, and some scientists arguehat the dataunderstate emissionby at
least a factor of 2and arguably as much as 4, based on greemdl comparisoh

Previous work under the Arctic andordic Councils has aimed at addressing open
burning in Russia beginning in 20AThis work inspired the curren€CACeffort
focused on the Himalayas and Andiespartbecause othe clear climate impacts from
burning in Russia.

2 For research about the impact of open burning on the cryosphere, see is the joint ICCI/World Bank
NELI2ZNIGZ ahy ¢KAY LOSYS | ZIgNNY Mz0F AWAR t It @HziARFS AT &y | H 2
3 Lelieveld et al. (2015), The contribution of outdoor air pollution sources to premature mortality on a
global scale, Nature, 525, 3@&71, doi:10.1038/nature15371.

4Jacobson, M. Z. (2014), Effects of biomass burning on climate, accounting for heat and moisture fluxes,
black and brown carbon, and cloud absorption effects, J. Geophys. Res. Atmos., 1£908280
doi:10.1002/2014JD021861.

5Bond, T.C. et al. (2013), Buling the role of black carbon in the climate system: A scientific

assessment. J. Geophys. Res. Atmos. 118,-538P, doi:10.1002/jgrd.50171.

8 Unger, N. and 6 other authors. (2010), Attribution of climate forcing to economic sectors. PNAS. 107,
33823387, doi: 10.1073/pnas.0906548107

7 Seehttp://iccinet.org/open-burningfor greater detail.
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As noted, open burning can endanger food security and livelihoods in rural
communitiesthat dependon glacial melt for drinking water and irrigation. The loss is
most pronounced on small glaciers at low altitude. As in Figure 1 bilod glacieice

has steadilyand steeplydeclined globallysince the 196Q0sand the Andes and
Himalayas regions are no exception
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Figure 1: Land Glacier Ice LoBgure (a) shows the cumulative mass lost over time. Figure
(b) shows the relative contribution of loss in eaelgion to sedevel rise. (Source: IPCC
AR4 (2007) based on Dyurgenov and Meyer (2004).)

x Andes Region

The Andes a narrow band along the Pacific coasite one ofthe most fragile
cryosphere regions, with most glaciers disappearing at rapid and often highly visible
rates.The Andes contribute a significant portion of river basin water supply, with up to
35 percent annally from glaciers or snowfall in some of the more arid regions of Peru
and Chil& t SNHzQa O lp&deiit dependerd onglacier ruoff and managed
water, as is Huancayo, the largest city in the central highlands of Peru, which is fed by
the dying dacier, Huaytapallanarhe small glaciers of the northern Andes play a lesser
role in water resources, though they greatly impact delicate, unique, and endemic high
mountain ecosystems such as the paramo, puna, and Andean cloud fdrest.
regions, however, glaciers can be the most important source of runoff during dry
seasons, affecting water availability for irrigation and other uSemcerns for both
drinking water and hydroelectric power already have arisen in La Paz, Lima, and Quito
Ecuadof® The effects can also be felt on Andean valley agricuffyrimcluding from

8Vergara, W., Deeb, A., Valencia, A., Bradley, R., Francou, B., Zarzar, A., Grinwaldt, A., Haeussling,
2007. Economic Impacts of Rapid Glacier Retreat in the Andes. EOS, Transactions American Geophysical
Union, 88(25), 261 264, doi:10.1029/2007E0250001.

9 Buytaert, V. and 5 other authors. 2011, Towards integrated sustainability assessment for enesgetic u

of biomass: A state of the art evaluation of assessment tools. Renewable and Sustainability Energy
Reviews. 15, 3918933,d0i:10.1016/j.rser.2011.07.036

10 stern, N., 2006. The Economic of Climate Change: The Stern Review. London, Cambridgey Universit
Press.
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changes in the contribution of melt water supporting regional economies in Argentina
and Chile.

Glaciers have retreated in all Andean countries over the last three decades due to
atmospheric warming, with a mean decadal increase in temperature of 0.34°C
reported for the past 25 years at high elevations, similar to thagpalér regiond!. A
recent extensive survey of climate change impact patterns across the #ndes
concluded that current glacier retreat over the last three decades is unprecedented
since at least the Little Ice A¢&3001850 C.E). Although a few glaciers have shown
sporadic gains, the trend has been negative over the past 50 years, with sligh#y mor
glacial loss in the Ande¢kan other cryosphere region3his loss nearly quadrupled in
scale beginning in the late 1970s through 2010 compared to-196%(see Figure 1)

Temperatures have increased at a high rate of 0.10°C per decade in the Atldbed

last 70 years. Variability in the surface temperature of the Pacific Ocean (related to El
Nifio Southern Oscillationalso seems to be a large factor governing changes in
glaciers, with precipitation playing a lesser role. The higher frequencyNifi&levents

and changes in its timing and other patterns since the late 1970s, together with a
warming troposphere over the tropical Andes, may explain much of the recent
dramatic shrinkage of glaciers Bouth AmericaWhile urban dwellers may remain
relatively immune to climate changes (for now), it is striking how small agricultural
producers in cryosphere zonesxpressconcerns about climate change, inevitably
pointing to seasonal shifsndlonger duration of doughtsandother extreme weather
eventsas evidence that something is changing.

x Himalayas Region

Rapid climateinduced changes in the Himalayan regitre largest cryosphere region

and supply of freshwater outside the poledirectly impact the quality bover 1.5
billion human livesObservel and projected impacts include changes in the annual
monsoon on which much local agriculture and food supply depasdvell aghe risk

of flooding and landslides from extreme weather and glacial lake outbursts. The annual
mean temperature across the rieg has increased by 16, similar to that seen in the
Arctic and Antarctic Peninsula. Despite the complexity of obseratglacal and

snow cover decrease has been recorded across almost the entire Himalayan region,
and a recent study coordinated bgIMOD forecastthat glaciers in the Everest region
might disappear by 2100. Many glacial lakes have formed or expanded during the rapid
melt process in theEastern and Central Himalayaghese have led to catastrophic
floods, saecalled glacial lake outbursts (GLOFs), especially in the Tibetan ,regfion
others narrowly averted thus far in Nepal and Bhutan.

The importance of meltwater from Himalayan glaciers and snowpack to human water
supplies variescross the regionwith the semiarid areas of western China, Pakistan

1 Herzog et al. 2011. Climate Change and Biodiversity in the Tropical Andegyri@gcan Institute for
Global Change Research.

12Rabatel, A. et al. 2013. Current State of Glaciers in the Tropical Andes: -&dtltiy Perspective on
Glacier Eolution and Climate Chang&he Cryosphere, 7, 8102.



and Central Asia most clearly dependent on a regular, predictable melt season. This
dependency on regular water supply occurs to an even greater extent with the Asian
monsoon rains, around which local populations have based their agricultural practices
for a millennum. However,even seemingly small changes can have large impacts on
human populationsn situations of water stressvhere changes in timing or just a few
percentage points in flow may make the difference between adequate irrigation and
crop loss for that season.

[1l.  Burning Patterns in the Andes and Himalayas Regions

Cryosphere regions in the Andes and the Himalayas tendosi tradition-bound,
smallerscale,mixed-crop, villagebased crop and livestock grazing systems. Small and
mediumsized farmerswho constitute the majority in these regiontgnd to grow a
variety of crops in order to hedge losses, rotat®p types forsoil inputs from the
plants (i.e., itrogen), and diversify production. Burning occurs as a necessary measure
to remove excess residue before planting and after harvest, and because there are few
alternative uses or markets for this biomass. The choice to burn depends largely on
tradition, ease, timing, weather and location, and appropriate tools and practical
alternatives provide flexibility on the ground in order to reduce the need for burning
overall.

As the initial stage of the CCAC projeciriing patterns across South America, Eastern
Europe, Central Asia, and South and East Asia were mapped usingotterate
Resolution Imaging Spectroradiometer (MODIS) 1 km Global Fire Location Product
(MCD14ML) collection 8ata. This mapping exercisénitially covered 16 countries in

the Himalayas, narrowing the focus to 9 countries that received detailed annual/
monthly mapping for 2002013 due to their greater regional climate impact based on
the extent of burning and wind patternsin the Andes, the nogram covered 10
countries initially with five included in the detailed mapping effort.

The maps were circulated broadly among stakeholders, presented to the CCAC and at
the COP20 meeting in Lima, and made available on a dedicated weldgiemapping

also formed the core of two regional conferendést brought together stakeholders

and experts from these countries and to which all CCAC Partners also were.ifiivéed
Himalayan conference took place in conjunction vat@CAQ@Vorking Group meeting.

The discussiobelow notes some general trends, going into detail for certain countries
considered for catalyst project®egional map#r the Andes and Himalaygas well as
national maps for thendividual countries of Bangladesh, Bhutan, Bolivia,eClihina,
Columbia, Ecuador, India, Kazakhstan, Kyrgyzstan, Mongolia, Nepal, Pakistan and Peru
can be examineat http://openburningcryosphere.org/with individual maps for each

year 20032013 and burninghownby month.

The general conclusions drawn from the maps are $8mO £ f SR & 0 dzNy A y 3
vary based orseveral factors: regional conditions related to planting and harvest, type
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of crop, and proximity to cover types (e., grasslands forests,and stepp@. Grain
production in the Northern Hemisphere, for exampkeclosely associated with fires in
spring and summer, while agriculturblirning bordering grassland and steppe areas
continues through the fall.Infrastructure and topographical coitohns (proximity to
roads and rivers, for example) also influence how far fires may spread, sometimes
creating natural or mammade barriers.General, regional, and countspecific fire
patterns indicate that most fires tend to start on or near agricutuands.

Overall, there is a strong signal chtellitedetected fires during the Southern
Hemispher& spring and summer (OctoberDecember)n Bolivia, Chile, and Peras

well as fall burning during March and April, specifically near the Equatak

particularly in Colombia and Ecuado@n average, 14percent of all detected

vegetation firesin South Americavere agricultural burningthough, as noted above

non-agricultural fires usually originate with fires on agricultural landsup to 90

percentby some national estimates

As a resultthe discussion below focuses on total fire amoyrakhough it should be
noted thatthe high proportion of fires on identified agricultural landscountrieslike
Ecuador and Pakistasreatesthe potential to halt almost all BE€missions from open
burning. Other countries likeBolivia may also represerthe scale of norcrop fires
(especially pasture in Bolivia), or sugar cameich satellite resolution likely quantifies
& & 3 NI a aithlikelR kepresatns thesldgest crop burning there.

In Bangladesh, the vast majority of burning occurs-psoonin March and April,
with much burning occurring in croplasgbminated areasSimilarly, Bhutan shares
the same March and April burn seastut with much less fire.

In northeast China, there is a significant agricultural burning in April and again in
October. Along the central codand, there is significant agricultural burning in June
that moves southward towardthe South East in the Neember and December. Both
western and southern China experience grassland and agricultural burning throughout
much of the year, from April to October.

Agricultural burning occurs throughout northern India in June, October and November.
Central and southe India experienced more grassland, forest, and agricultural
burning from March to May. Much of the burning in Pakistan is agricailtwith fires
common in all months of the yeand with 87 percentof BC emissions from all fire
activity coming from open agricultural fires (Tafk)e

Fires in Mongolia are mainly in steppe grasslands, similar to western China. These
occur from May to October with a small number of agricultural fires in May and June.
In Nepal, much burning occurs in March through Juwmiéh a large amount of burning

also along the border in India at the same time.



Fires in Central Asia, specifically Kazakhstan and Kyrgyzstan, are concentrated in July,
August, and September, with equaiounts of fire in the arid steppe grasslaratsd
croplands. The picture is complicated becausthe grassland areas are often
contiguous to cropland areas, so both potential agricultural land cover types (pastures
and croplands) are sources of open buin

More detailed analyses were performed on good candidates for potential pilot projects
in the Andes and Himalayas Regions (see beld\g.note,however, the evidence that
actual emissions are likely larger by a factor of four because the hiltaw only
include observed fires, and various-tre-ground studies have indicated the satellite
data underestimate the amount of actual fire by a factor folur. Actual BC emissions
from open burning in Ecuador, for exampieay be around 1600 metric toes. (To

give a sense of scale of the below figures, total BC emissions from all sources in
Norway, which has issued a very detailed reparere 5100 metric tones in 2011.)
The accompanying maps show burning for the last year mapped, B§l@onth As
noted above, annual maps for all 14 countries from 2043 are available at:
http://www.openburningcryosphere.org

Table 1. Global Fire Emissions Database estimates of average anpu@HCénd BC emissins from all
fire sources, 1992014; all emissions reported in Metric Tonnes.

BC (o{e) CH
Bolivia 41,137 156,022,592 311,368
Chile 1,935 6,377,611 12,847
Ecuador 399 1,423,119 2,597
Peru 2,386 9,506,494 15,143
India 14,537 46,269,411 105,506
Nepal 2,017 4,674,897 7,815
Pakistan 576 11,189 4,287

x Andes Region

The ICCI project focused on Bolivia, Chile, Ecuador and Peru, all countries with little or
no adaptation of conservation agriculture practices among the majority of farmers. In
Peru,CA is virtuallyinheard of. Thesecountrieshave experienced rapid ruréd-urban
demographic shifts and population growth of all urban are&sge and smail with

the utter dependence of urban centers on cryosphere water resources and hydraulic
systems anatycles. The cities of La Paz, Quito, Santiago, and himegion of a little
more than 16 million peopleare directly dependent on the glacial water sources of
the Andes for drinking water and hydroelectriciost agriculture in this region relies

at least in part on glacial or snow runoff for irrigation, especially in summer. Tourism
hasevenbeen impacted 2 NJ SEI YL S . 2t AQAl dzaSR (2
resort, Chacaltaya, which began operating arnift939 and closed its doors for good in
2011.
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Emissions from open agricultural burning were estimated using the Global Fire
Emissions Database wfw.globalfiredata.oryy a peefreviewed science and
ecosysterbased model that relies on satellite observations of {ifablel). For the
Andean region, open agricultural burnifgm 1997 to 2014ccounts for an average 3
percent, 25 percent, 37 percent, and 14 percent of BC emissions from all fire types
(includingdeforestation of tropical and temperate forests and grassland burning) in
Bolivia, Chile, Ecuador, and Peru, respectivBllyerage methane emissions from
agricultural burning range from 44 percent (Ecuador) to 3 percent (Bolivia) of all
methane releasedrbm all types of fires. GGemissions from agricultural burning in
Chile and Ecuador account for 1/5 to 1/4@® emitted from all fire sources.

Chile

Central Chilés the center of agricultural production for the countiuch ofChilefalls
within the Mediterraneanlike climate zong with winter rainfdl and dry summers and
autumns. Annual cops are usually planted May throughung and harvested in
December and January.Crop yields tend to be higldue to excellent climatic
conditions. Most agriculturakoils in Chile come from volcanic ash, which is an
outstanding soil but very low in phosphate. As a result, soil acidity is high and
phosphate and organic matter levels are low aradion exchange capacitythe ability

to hold onto essential nutrients ano prevent soil acidityis poor.

High crop yields combined with no rainfall in summer/autumn mean that straw
decomposes poorlyA large amounbf residueaccumulates and sits in the fields and
farmers usually burn it even under ndill conditions as it is not economical to
remove by other means. Less than 20 percent of Chile is undédhage and Chile is
the only country in South America that burns even undettithoChilean agriculture
generates around five million tons of straw per year withO8®, ha (25ercen) in the
Bio-Bio Regionwith the majority of straw coming from wheat fields (79 percey
percent of agricultural fires occurred in tiweheatdominatedBio-Bio Region.

One farm in central Chilé&ghequén Farm, has practicednservationagriculture since

the late 1970sBy 1997, after 19 years of continuous-ilg 1 inch (2.54 cm) of topsoil

had been added and organic matter content boosted fromgdercentto 10.6percent

in the first 5 centimeters of soil. The farm als®iNS I 8 SR G K S$oldn@ A f Q& ¢
capacity by more than 10percentl Y R A YLINE @S R -eék¢h&hgeXxapacityQa OI (.
from 11 to 26 milliequivalents per 100 grams of soll.

Despite the many years of successfuttiiofarming on Chegén Farm and a strong
demonstration of bioenergy use of straw by the regional government irRBRp the
system has not expanded beyond the original 100,000 ha. Many farmers still burn
straw residuegFigure 2) Despite its remarkable success and international renown, the
Chegén Farm remains a "conservation oasis" in the Chilean agricultaralscape.

With this viable model already demonstrating letggm results across a variety of
indicators, education on best practices and technical assistance will reach out from the
Bio-BioRegion to disseminate information on 4barn techniques.

10
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Figure 2.Agricultural burning in Chile as detected by MODIS for 2013 alongside a natural color MODIS
image from 7 May 2015 showing agricultural fires in central Chile outlined in red.
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agriculturedominated eastern half of BolivigFigure 3) A May 2015 field mission
clarified the centrality of the Department of Santa Cruz to any initiative involving open
burning because of its size, focus on agricultupepminent role in the national
economy and the quality of its human capital. Whaell-educated,large producers
east of the Altiplano, especially in Santa Crae now significantly practicing or
moving towads the best practices aonservationagriculture, smaller producers and
large livestock wranglers and producearg not because theyare uninformedabout CA
practices and how best to undertake thelWhen offered the possibility, however, and
allowed to cosult among themselves, they demonstrate tremeng interest and will

to learn. Small producersnow account for the bulk ofgricultural and grassland
burning in Bolivia. Both groups are also most responsible for burning down forests in
order to create new land for cultivation or pasturdevertheless, botlgroupsalso
grasp the essential link between their need for emtand the crucial role of the
Altiplano glaciers. Both groups volunteered personal observations, anecdotes, and
experience witha changing climate during the scoping missi&s noted, many
specifically volunteexd commentary on changingseasonal patterns, extended
droughts and the drying out of their spihough they wereunaware of how their own
practiceswere contributing to tle latter.
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Figure3. Agricultural burning in Bolivia as detected by MODIS for 2013 alongside a natural color MODIS
image from 31 August 2013 showing agricultural fires in central and western Buigjkiaghtedin red.

o

Peru

The February CCAC Regional Andean Conference ifidcunsadkey attendeeson the

OK I f t S yRe@ucing Agricditural BurnidggThe conference highlighted the

importance of conservation agriculturepractices, which preclude burningFew

participants beyondhe speakersvere familiar with either the open burning issue or

its alternatives.lt was clear that CA is least known aledst commonlypracticed in

Peruamong all the Andean countrie¥et since that conference, interest in learning

more about CA haseen greatest in Peru, from the office of the Vice Minister of
Agriculture to the science community to the regidrgovernment of Junin to local
communitiesin that region. The interest has been great because every level of
government and economic planning is painfully aware of the role of glaciers to water
management. For example, the head of thational Water Authority (ANAgports to

the Ministry of Agriculture, while WA itself carries the tite2 ¥ a Ddzt NRALFY 27F
Df I OMBANdespansored the February conference with IGESE OSy (i f @8 = t S NHzQ 3
created a new divisiothat also focuseon the conservation of the glaciatyosphere

The issue of glacial loss due tolgdl warming is urgenh Peru, butpractical ways to

address it are less clednence the interest at every levelin encouraging better

agricdtural practices (CA) thatnrich the soil, increase yields and pose less threat to

the cryosphere.

Ecuador
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Agricultural burning is common in the Ecuadorian coastal and central regioere
cropland and pasturelands dominate the landscaffégure 4) Sgnificant burning
occurs between September and December, with sporadic agricultural burning detected
by the MODIS satellite in every month. Most agricultural burning occurs in central
Ecuador, mainly in the provinces Los Rios, Bolivar, and Cotopaxi, considered an area of
influence for the equatorial glaciers of Cotopaxi and Chimborazo volcanoes. Th
average farnsize in Ecuador ranges frorr2b ha, with extensive managed areas used
for pasture and forage. The main crops include rice, sugarcane, maize, so@mnehns
cacao,as well as many types of fruits and vegetables, making Ecuador a diverse
agricultural systemwith potential for improved agricultural productivity that will
impact local economies and food security. Moreover, the implementation of
conservationagriculture has been limited to small case studies in Chimborazo Province
(funded by USAIDand a white aper on agricultural engineering aspects of
conservationagriculturefunded by the UN FAO in 2007
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Figure4. Agricultural burning in Ecuador as detected by MODIS for 2013 alongside a natural color
MODIS image from 3 December 2013 showing agricultural fires in central Etuglalayhtedin red.

x Himalayas Region

The MODIS satellite data analysis and tmesessment discussed at the scoping
conference in Kathmandu in February 2015 revealed some systemic features of open
agricultural burning in the countries surrounding the Himalayas. One striking feature
was the massive November burning in the Indian Punfalobally, burning patterns
differ from year to year based on crop and weather conditjdng this signal occurred

13 Friedrich, T. 2007. El Papel de la Ingenieria Agricola en el desarrollo de la Agricultura de Conservacion.
URLttp://www.fao.org/ag/ca/CAPublications/Ingenieria_y_AC_2007.pdf
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stronglyin all 10 yearsnapped(20032013) Practically all farmers seem to burn rice
stubbleduring NovemberThere is also @eak of wheat stubble burning in late May.
The same situation could also be observed in the Purggiion of Pakistan and the
flatlands of southern Nepal, all part of the In@angetic Plain. Since these regions are
so close to the Himalayas, they are likely to digantly affect the melting of glaciers
due to BC emissions originating from agricultural burning transported up along the
valleys and hillsides.

Analysis of what is being burned and for what reason revealed a similar pattern.
Farmers practice a rie@hea crop rotation system where rice is planted in early June
and wheat in November. Data reveal a substantial increase in burning activities over
the last 10 to 15 years, likely due to the introduction of combine harvesters. Combines
do not spread straw andhaff uniformly behind the machine, making it difficult to
plant the next crop without burning the straw left over from the previous crop. Since
the time window is short, there is little opportunity for tillage or otheesidue
management practicedt is also difficult to employ seasonal farm workers to prepare
the land from harvest of om crop to planting of the nextAverage farm size in the
Indian Punjab is 4dh inthe Pakistan part of Punjab about 2 ha, and in southern Nepal
about 1 ha. Only India hasgeneral ban on open burning of agricultural residues, but
the ban is not enforced and farmers pay little or no attentionttdSmilarities in the
cropping system and farming practicesveroom for considerable synergiesnong

the three countries.

India

Open agricultural burning imdia occurs most often in Apthrough May and again in
Octoberand November. Agricultural burning is so common in India that observations
from MODIS satellite data outline entire states, i.e., Punjab state in northimels&a
along the border with Pakistafsee region in yellow November--in Figure 5, below,
which showsthe most consistent pattern of yeam-year burning mapped in the entire
project). Burning is most pronounced in Punjakestern Uttar Pradesh and Hgana
where the largest emissions oBC can alste found. These three states form the
northwestern part of the IndegGangetic plain wheremost burning is coupledvith the
rice-wheat crop rotation system.uUfther south burning is asogated with othercrops
like suga caneand stovers ofoil seedcrops (mustardjn December however, it is
notable that open burning of these residués less as thesare valued fuels for
cooking and mulchThe reasons for burning are similar across tegion and similato
what is prevalent in both th@akistani Punjalnd southern NepalBmall and medium
size farners hand-harvesteduntil about 15to 20 years agoso little burning took
place. With the introductiorand popularityof harvestingcombines high stubble was
left in the field and hand sowing was no longer possible. The only ofttraa majority
of farmersgiven thenarrow window of timingo plantin Novemberhas beernto burn
and clear the fields for immediate sowing.
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Active Fire Detections in India
2013 Detected Fires

O .
Figureb. Agricultural burning in India as detected by MODIS for 2013 alongside a natural color MODIS
image from 6 April 2013 showing agricultural fires in northeast India and Néegdightedin red.

Nepal

Burning is widespread in southern Nepal, with the saioewheat cropping system as
Punjab and the rest of the Ind@angetic PlairfFigure 6)Agriculture in Nepal faces
many problems. Young people are increasingly leaving the farm for Kathmandu or
work in the Middle East. Traditional manual farming practicase been replaced by
mechanized agricture in the southern flatlandsdarvestings generally completed by
usingcombines offered by a variety of private sector service providers. As with India
and Pakistan, straw and chaffe unevenlyspread behind tb combineand also leave

high stubble thus making direct seedingor hand sowingnon-viable Tillage to
incorporate straw into the soil and allow for proper planting is expensive tane-
consumingso burning straw looks like the only realistic optifor most farmersit is

also commoity believed that burned residue is a good fertilizer for thextecrop and

that it kills pests and drives away other sects and mosquitoes. There ligtle
knowledge of other farming methadike direct seeding as alteatives to burning and

the benefits that can be gained from chaupractices. SOl dzaS 2F bSLJI f Qa |
the map below includes regions immediately around Nepal as these atsy
represent sources of wildfires or with air quality impact within Nepal.
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Figure6. Agricultural burning in Nepal as detected by MODIS for 2013 alongside a natural color MODIS
image from 6 April 2013 showing agricultural fires in Nepal and northeast India outlined in red.

Pakistan

The Punjabregion around Lahorénas burnrates of almost 100 percent (Figure 7)
which directly affects the Himalayan cryospher&he relationship between mechanical
harvesting and burning in Pakistani Punjab is similar to the Indian Purfjemumber
of combine harvesters in Pakistarcieased from aboul00in 1994 to about @00 in
2004, after which the number has remainsthble At the same time, other regions in
Pakistan haveboth strong conservation agriculture expertise, with substantial
involvement by a number of donors in therécultural sector that could be directly
leveraged to support a transition to these practices in the target regi@enwell as
strong academic knowledge and institutional partners.
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Figure?. Agricultural burning ifPakistaras detected by MODIS for 2013.

V. Alternatives to Open Burning

This reportfocuses onsolid and sustainablalternatives to annual burning, many of
which have been adopted worldwide. It advocates for conservation agriculture, which
can be broadly definedsapractices that seek to keep the soil unbroke&hile also
maintaining vegetation coverage \geop rotation and agricultural residueBlew crops
arethen directly sown into this protective vegetation cov&hese measures all reduce
the need to burnas al residues are saved for the next crop seedi@é is only one of
several possible approaches but it is deemed the most appropriate in the target
regions.

Alternatives to agricultural burning fall into the following categories:

1 Use in bioenergy(often through conversion of stubble to pellets): Stubble is
gathered for biomass burning for heating and biofuel. This method is widely
practiced in other regions of the world and depends upon the development of
local/national markets, which are for all intents cupurposesnon-existent in
the Andean and Himalayatryosphere zonesbut may be available in nearby
regions like the Ind@sangetic plain

1 Livestock feed and/or beddingSimilar tobioenergy straw is gathered for use
and, where appropriate, used asttle feed and beddindor swine, poultry, and
cattle. This alternative assumes the farmer also has livestark part of the
holdingsand that such practices have been introduced and encouragebat
there are nearby livestock facilities to which theancsell the straw, i.e., there
is a demand for livestock feed beyond the naturally occurring grasslands and
pastures.

1 Conservation (reduced/minimal) tillageA technique that leaves at least 30

percent of crop residue on the soil surface, facilitatinghpiteg and increasing
nitrogen in the soil, while also reducing the need for fertilizer, and eventually
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decreasing the need for pesticide/herbicides the mulching effect and by
creating natural predators.

1 Clearing crop waste using improved machineryCombines, dedicated
choppers or simply tractors with improved plows can better enable stubble to
be incorporatednto the soil. This alternative requires that farmers have access
to the appropriate machinery and fuel as well as the capital to pay for this
alternative.

The use of agricultural residues for energy requires refineries, transportation and a
distribution network A bioenergy infrastructure does not currendyist oris notwell
developed in the target regionsalthough it is growing in some otheegions,
particularly in EuropeAlternative agricultural uses such as bedding and fodelguire
livestock ang again, the target regions rely on na&l grasslands and pastures for
animal feedstock, but these grasslara® also sbject to annual operburning.None

of the target regions has well-developed agricultural infrastructure, services or
markets Better, more appropriate technologytools and machineryrepresent the
closest and easiest stefo incorporate into traditional farmingpractices athough

they may not guarantee a barrier against burning in years where the harvest is
unusually goodthusresulting in excess stubble.

Conservation agriculture does natsually require largescale investment where
infrastructure and markets are lackimg inadequately developedCAis wellsuited to
small and mediumsized fields with a complex cropping calendard multicrop
systems. Chrovides the cebenefits of improved yields and farm economies, and
improved soil health and quality and water maeagent, in addition to climate
benefits.

A robust and flexible approach that embraces local input and expertise, together with
the diversity of cultural dynamics and practices, climactic conditions, landscapes, and
soil diversity is most effective in ad@ssing open agricultural burninguch an
interactive approach with villages and communitatacks the problem on a practical
level immediately while at the same time informingscientific research and
institutional and national policy chang®ngoingwork, either aspart of the CCAC
Agriculture Initiative or others, should continue to explorevailable no-burn
alternatives in a manner consistent with local needs and rural developnvemte
producing measurable results and contributing to scientifgesech in this burgeoning
field, as well as examples of success with which taerage policy makers icapital
cities who may belistant from rural realities

Direct Seeding

5ANB OGO aSSRA WA Ofléf A 24 30 R S TOARY @ilRetaading dind y G A y 3
undisturbed stubble of the previous crppndfarmers on millions of hectares around

the world have transitioned to this technologyAs most farms tend tareplace

machinery on a 80 year cycle, timely education and extension services promoting

this transition can allow for rapid change.
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