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In the Philippines, about 38 per cent of the pofuaresides in rural areas where
poverty remains a significant problem. In 2006,p€r cent of all households in Bohol
Province fell below the national poverty line, witie percentage even higher in upland
communities. These households often exist in matgiandscapes that are under
significant pressure from ongoing resource degradaand rising input costs. This
paper first explores whether the adoption of Lanelgaractices in a highly degraded
landscape has resulted in improved livelihood aute® for upland farming families in
Bohol. Second, it analyses the potential for tlee@meal adoption of these measures to
deliver tangible benefits at the watershed scaleally, using a BCA approach, these
outcomes are compared to the costs of the reseatrextension projects that have

helped achieve them.
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Introduction

Soil erosion remains a well-recognised problemhim Philippines uplands, resulting in
a number of direct and indirect impacts on the liineds of the rural poor.
Furthermore, the role that upland farmland playthaprovision of ecosystem services
Is increasingly being valued by the regional andbgl community. These services
include watershed protection, carbon sequestratiod, biodiversity, all of which are
influenced by the livelihood activities of uplanduseholds. The challenges in these
marginal upland areas are thus threefold: firstntoease the standard of living of rural
communities through improvements in agriculturabdarctivity; second, to achieve
these increases without further undermining theaciy of future generations to
maintain and improve their own standard of livilgird, to provide the ecosystem
services desired by the wider community withoutainhf burdening rural communities
that are already at the margin of survival.

In assessing the economic returns to investmerdsiirand water conservation (SWC),
Blaikie and Brookfield (1987) concluded that ordyntls with high potential that are not
yet badly degraded but under imminent threat pmwad unequivocally good return on
investment. Lands that are already degraded, p&atig in the tropics, are typically
difficult and expensive to rehabilitate when congahto the potential stream of benefits
the investment may yield. In these circumstantksy argue, it is all the more
necessary to give due weight to the option valutawd, particularly when it is likely
there will be no alternative means of livelihood fand-users in the foreseeable future
(Blaikie and Brookfield, 1987, p 247).

The participatory development of cost effectiveelaative means of controlling soil
erosion, such as those promoted by the Landcagrdmoin the Philippines, increased
the adoptability of SWC for many upland househdbysreducing the high labour
requirements associated with the construction a@k-walls, hedgerows, or bench
terraces. While in absolute terms the benefitsnoksting in SWC in biophysically
marginal environments may still remain economicafigrginal, the livelihood impacts
generated through small increases in householdmiacmay be significant from the

perspective of the adopting households, often gumyion income levels below the



poverty line. At the same time, individual adoptioh simple SWC can deliver
additional benefits for fragile upland environmentith many of these benefits spilling
over beyond the parcel or farm boundary. Therefoveere the operational and
transaction cost associated with the programshilat bring about the adoption of these
measures are minimal, investment in research amethg®n programs that induce SWC,

even on marginal land, may achieve both positivage and public economic benefits.

The Landcare Program in the Philippines arose emtid-1990s out of efforts by what
was then the International Centre for Research grofarestry (ICRAF) and local
farmer groups to promote SWC innovations among negpléarmers in Northern
Mindanao. The central practice that came to bedhapand widely adopted in this
region was natural vegetative strips (NVS) — ungled contour strips taking up 10-20
per cent of a given field that provided a barre@ntovement of soil and water down the
slope and led in a few seasons to the formatideradices. The technology is a low cost
farmer adaptation of the contour hedgerow systdras were previously promoted in
the region, but not widely adopted in its origif@m (Cramb 2000). Furthermore, the
construction of NVS has often been the catalystafiditional livelihood investments,
with many strips subsequently “enriched” with cragaeh as bananas and pineapples,

and timber and fruit trees have also been incotpdrmto the farming system.

In this paper we evaluate the on-farm and water&mgadcts of the Landcare Program
in the Province of Bohol (Figure 1). The Programs baen operating in over 20 upland
barangays (villages) of three municipalities — $&&dro, Pilar, and Alicia — beginning
in 2000. Central to the analysis is the livelihandcomes that have stemmed from the
adoption of NVS. Based on a livelihoods analysis, show how the stabilisation of
upland plots has induced various farm developmiatishave led to improved incomes
for adopting households. We then analyse the oppibyt costs arising from sediment
accumulation in a reservoir located in the Munititgaf Pilar. Using spatial watershed
analysis, we evaluate the potential of Landcamait@ate these impacts. Finally, using
a benefit-cost analysis approach, these privatgoabtic outcomes are compared to the

costs of the research and extension projects theg helped to achieve them.
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Figure 1 — Landcare extension sites in Bohol

A marginal upland existence

In the context of the Philippine uplands, the maagiexistence of rural households is a
multidimensional and interrelated concept (Blaiare Brookfield, 1987; Cramb, 1998,
2007). Biophysically, the barangays in Bohol whdre Landcare Program has been
operating are characterised by severely degradddndipsiopes and declining
agricultural productivity. Large tracts of uplanides have either reverted to relatively
unproductive grasslands or are opportunisticallgpped using surplus household
labour in between the more productive paddy ridevities. The declining productivity
makes the cultivation of most upland crops econaltyianarginal, especially where
resources (land, labour and capital) beyond thesétmald’'s own supply are required.
Therefore, for many upland households the prodnatibcrops such as maize, sweet
potato, and cassava occur only at subsistenceslendising minimal purchased inputs
such as synthetic fertilisers or hired labour. Rentnore, recent increases in the cost of

fertiliser have seen a further reduction in theseumaking the problems of sall



degradation even more apparent and resulting irminggchanges to the farming

activity mix.

In the Philippines, around 38 per cent of the papoih resides in rural areas and
depends on agriculture as a source of livelihoodr{dvBank, 2007). Poverty in the
country remains a significant problem, especiallymarginal upland communities
where a high percentage of households live belosv gbverty line. According to
AusAID “poor productivity growth in agriculture, der-investment in rural
infrastructure, unequal land and income distributibigh population growth and the
low quality of social services lie at the root afral poverty” in the Philippines
(AusAID, 2008). These factors combine with incregsenvironmental and economic
uncertainty, limiting the capacity of upland houslels to access the resources required

for productivity growth or even to maintain theiadile foothold in the landscape.

Nationally, poverty is defined using two indicatershe income threshold and the food
threshold. The income threshold refers to the mimmincome required for an
individual to meet their basic food and non-fooduieements. The second and more
severe measure of poverty, the food thresholdrgdéethe “minimum income required
for an individual to meet the basic food needs Wwhgatisfies the nutritional
requirements for economically necessary and sgci@disirable physical activities”
(National Statistical Coordination Board 2008).gute 2 shows the national incidence
of poverty compared to that found in Bohol for 202003, and 2006.



60.00%

50.00%

40.00%

30.00% A

% of population below threshold

20.00%

10.00% -

0.00% -

2000 2003 2006

‘I Poverty threshold (Philippines) B Poverty threshold (Bohol) BFood threshold (Philippines) OFood threshold (Bohol) ‘

Figure 2 — Incidence of poverty in the Philippinegnd Bohol (2000 to 2006)

The changes in the incidence of poverty (Figured&)not be viewed in isolation. As
can be seen in Table 1, these poverty thresholdsdgnamic in nature and are
calculated each year based on the cost of living given location. For the Philippines
as a whole there was little change in the percentdghe population below the income
and food thresholds from 2000 to 2006. However,rilmmber of households in Bohol
whose income was not sufficient to purchase thecbfla®d requirements increased
from 2003 to 2006 (after a period of decline fro@0@ to 2003). This is in part the
result of a significant increase (32 per cent)ha estimated costs of subsistence over
the same period. Therefore, while there may haea Iseme improvements in nominal
rural incomes over time, a large percentage of hoaseholds survive at income levels
around the poverty line, and can therefore falether side as a result of small changes

in the costs of living.

Table 1 — Poverty and food thresholds for the Phiipines and Bohol Province

Poverty Indicator (PHP/annum) 2000 2003 2006
Poverty threshold (Philippines) 11,458 12,309 15,057
Poverty threshold (Bohol) 9,762 10,032 13,610
Food threshold (Philippines) 7,707 8,149 10,025
Food threshold (Bohol) 6,851 7,424 9,803

Data sourcenational Statistical Coordination Board (2008)



Putting some perspective on these figures, in 20@@mily of five residing in Bohol
would need to earn approximately PHP 186 (AUD 4.894) day to meet their daily
needs, of which PHP 134 (AUD 3.53) would be reqlie feed the household. Yet in
2006, around 47 per cent of all households in Baoold not meet their basic needs.
Furthermore, in many of the upland communities whesndcare has been operating

the statistics suggest that over 90 per cent optpeilation are gripped by poverty.

Over 50 per cent of the population residing in bibign municipalities of San Isidro and
Pilar were considered to be living below the fooedwbsistence threshold in the census
carried out in 2004 (Table 2). This means that ¢waf the population did not have the
minimum income required for the household to méet basic food needs to satisfy
nutritional requirements (PHP 8,161). Moreover,rdd@ per cent of the population fell
below the income threshold which refers to the mumn income required for a family

to meet its basic food and non-food requiremenitd?(R0,989).

Table 2 — Poverty Indicators for Bohol

BOHOL INCOME/YEAR
Food threshold (2004) PHP 8,161
Income threshold (2004) PHP 10,989

San Isidro Pilar
% below food threshold (2004) 50.3 54.0
% below income threshold (2004) 68.4 68.9

The Landcare Program is not implemented acrosbdbed within these municipalities,
with the activities concentrated in those uplandabgays where the technologies are
seen as most appropriate. In San Isidro, for istaime program has been implemented
in only three villages — Baryong Daan, Candungawl Elasonoy. Figures 3 and 4
illustrate the average household income and theep&ge of households below the
income threshold in 2004 and 2007 for all villageSan Isidro. As can be seen, limited
income growth in barangays such as Baryong Daaiteesin a significant increase in
the number of households deemed to be under tbenmt¢hreshold. Alternatively, both

Candungao and Masonoy experienced increases iagevdérousehold incomes (PHP



11,592 and PHP 13,323 respectively) from a lowgiainlevel, and a reduction in the
number of households categorised as living bel@nirtbome threshold.
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Figure 4 — Change in average household income inis&sidro, Bohol, by barangay
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These figures demonstrate that, in a period oeasing farm input costs and basic food
prices, productivity growth is vital to maintainitgsic living standards in these upland
villages largely based on subsistence productiamthErmore, even small changes in
household income can have meaningful livelihoodcomies for households that
currently cannot meet their basic needs. In 200kekample, PHP 2,828 was seen as
the difference between an individual being onlyealbd meet their daily food
requirements, and being able to meet other basidaomd requirements.

However, the question remains: Can the adoptios\WIC practices deliver income
benefits for adopting households in such a bioglayisi marginal environment? In 2006
102 household surveys were conducted with bothtadopnd non-adopters of landcare
practices in the municipalities of San Isidro arldro determine the onsite impacts of
adopting landcare practices. Respondents were ygdveegarding the household’s
current livelihood activities, crop and livestockoguction and sales, land degradation
problems, motivations for adopting SWC and agrcfogepractices, reasons for non-
adoption, perceived benefits of adoption, changesput usage, and future plans for
the farming system. This information was suppom#ith information gathered during

interviews with farmer groups and key informants.

Landcare in the uplands of Bohol

The Landcare farming practices have been evolwegtione to suit the biophysical and
socioeconomic constraints of farmers in severassin the central and southern
Philippines, including the Province of Bohol (Newhgd Cramb, 2007). Landcare in
Bohol had two distinct phases. The research ph23@0¢2004) involved an on-farm
research project (implemented by ICRAF and fundedBCI, the Spanish government
aid agency) that introduced NVS and agroforestaciices in San Isidro. From 2005,
the Philippines-Australia Landcare Project (fundég ACIAR and AusAID)

implemented an extension phase in San Isidro, ,Palad Alicia, through training in

contour farming, nursery establishment, and tregggation; cross-site visits to San

Isidro; and collaboration with municipal agriculilistaff.
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The success of the expansion of the Landcare Rrofyran Mindanao to Bohol hinged
on the fit between the technologies and farmevglihood assets and strategies. As in
Mindanao, there was rapid adoption of the varioamdcare practices (Figure 6),
particularly during the extension phase post-2006is was despite the marked
biophysical and agronomic differences between #menihg systems in Bohol and
northern Mindanao (Newby and Cramb 2007). In paldic in Mindanao acid upland
soils predominate and the major subsistence aridarap is maize, whereas Bohol has
calcareous soils and the dominant farming systermbawes lowland rice for

subsistence and coconuts for cash.
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Figure 6 — Adoption of Landcare practices in Bohol

In addition, whereas in Mindanao NVS was adoptedtlm main farm, in Bohol

adoption occurred on supplementary plots that wsed for maize, roots crops, and
vegetables, or had been left fallow due to proldndegradation and were used for
grazing. Likewise the labour allocated to thesetsplended to be spare labour in
between the peak periods for rice and copra pramtucHence adopters tended to
produce more maize, vegetables, and root cropsrnbaradopters (Figs. 7 and 8) as the
implementation of NVS encouraged them to bring ddgd land back into production

and/or add more inputs because of the now impraetdrns.
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Figure 7 — Farm activities of adopters and non addprs in San Isidro

The evidence from both Mindanao and Bohol suggéstisthe initial adoption of NVS
creates a stable platform on which other livelih@mdivities can be built. Perennial
crops such as bananas and pineapples can be plartteel NVS at the same time or
soon after the establishment of the strips (sedaMVS “enrichment”). Vegetable
crops in the alleys also soon become feasible spn@eerosion and runoff have been

reduced and natural terrace formation occurs bahedontour strips.

In San Isidro, it was largely only NVS adopters wiere growing vegetable crops
beyond household requirements to sell in nearbyketsr Almost all farmers in San
Isidro had some coconut palms and bananas somewitére their farm. Adoption of
NVS typically resulted in the expansion of thesevéiees by planting them along newly
established contour lines, often on land that wasipusly fallow. Some farmers were
also beginning to diversify their banana productignplanting varieties with a higher
market value when sold beyond the local barangaketa A large number of adopters
had also integrated fruit trees into their farmthex along the contour or on the farm
boundary. In the current phase of the Landcargfragro-enterprise training is being
conducted with farmers so that they can better tieeuality and quantity demands of
markets beyond the local area. However, changeé®ese production techniques need to

be evaluated against the resource constraints efotlerall farming system. For
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example, more intensive activities in the uplandg tmegin to utilise labour beyond the

surplus available between the household’'s pad@yattivities.

In Pilar, adopters were more likely to grow maized,aas in San Isidro, to have
integrated vegetable crops into their newly coredyparcels. The higher proportion of
adopters engaged in maize cropping (73 per cenpaoed with 42 per cent for non-
adopters) was also influenced by the provisionydfrid maize seed to some adopting
farmers by the municipal government. Adopters wase favoured in the distribution

of planting materials for pineapples, fruit treasgd coconuts.
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Figure 8 — Farm activities of adopters and non adders in Pilar

Farm development pathways

During the wider household survey it became appdnew diverse and dynamic the
farming systems were, with farm activities changfingm season to season. At the
household level, the livelihood impacts of adoptingntour farming and other
agroforestry systems depended largely on the linitielihood platform an individual
household could draw on to support further farmetigyments. This platform included
access to land and labour resources; the exigired and frequency of cash income; the

current food security situation; and the resiliemfethe household to unfavourable
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production conditions. Beyond these factors, |lvedid activities were also influenced
by access to social capital as well as interactidh a range of government and non-

government programs that provided training and scdpr agricultural activities.

Given the wide diversity in circumstances facingrfeng households throughout the
uplands of Bohol, the scope and magnitude of ingpatthe household level are also
highly variable. Furthermore, the process of famwadopment is an ongoing one with
households continuing to respond to a range ofnateand external pressures, making
investment decisions as resources become availaexample, small shocks such as
the death of a water buffalo, used for draught ppwan have large implications for a
household’s activities. Therefore, the impacts dbed in the following section should

be viewed as a ‘snapshot’ of the extent of impale&t have arisen within farming

systems influenced by the Landcare Program in Bohol

A series of six case studies conducted from 20062068 are used by Newby
(forthcoming) to capture the range of land use patts (Figure 9) after the initial
adoption of NVS. The endpoint for an individual gerof land may lie at any point
along the farm development pathway. While the ganeend illustrated in Figure 9
shows a move to farming systems with a higher itgpme placed on commercial
crops, it is important to note that these farms map move back along the pathway in

response to shocks that threaten the household/i/al

It is evident, however, that the adoption of NV&ysl a critical role in facilitating
ongoing farm development, but if households cammaoess the resources to make the
next step along the pathway (i.e., some form ofcament) the benefits of adopting

NVS in marginal environments may be limited andrstived.
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Figure 9 — Farm development pathways

Impacts on household livelihoods

Farmers who had adopted Landcare practices frelguepbrted having higher incomes
since doing so. As indicated, this increase wagelgrthe result of changes in farming
practices made possible by establishment of cordauiers rather than any direct yield
benefits in existing crops. Adoption of NVS in mia@ areas does not lead to
significant increases in the productivity of subsi€e crops, especially where fertiliser
use is already low and declining. Where adoptionasitour farming was carried out on
fallow land used to graze livestock, there wasraguion among some recent adopters
that adopting NVS would increase soil productiviiyt this seems unlikely in the long
term. In many cases, the relative importance ofuihland parcel in terms of producing
subsistence or cash crops changed over time tovieowore focused on the latter. This
was largely where households had a reliable soafcod generated from paddy

activities.

For each of the activities identified by the houddh the level of production for the
preceding 12 months, the quantity sold, and proeived were recorded. These data
were used to estimate the gross cash incomes gtexdoand non-adopters (Table 3).
Gross cash income includes the income from off-farrd non-farm activities such as
carpentry, wage labour, and government honoraridise. presented in Table 3 are the

15



average cash incomes of adopters and non-adopters farming activities, and the
cash incomes from upland cropping activities (ilegving out income from rice,

coconut, and livestock activities).

Adopting commercial crops on NVS plots also inceshgroduction costs, with farmers
using synthetic fertilisers and agrochemicals nioeely on activities that generated
additional cash flow. Given the small scale of mafhyhe activities it was difficult to

measure these costs directly. Hence costs foraheus activities were estimated using
key informants in conjunction with secondary dalaese standard activity budgets
were then used to develop ratios of net incomerégsggincome for each crop. On this
basis each of the gross cash income figures ineT@bWwere converted to net cash

income.

Table 3 — Average household gross and net cash imoes of adopters and non-

adopters in San Isidro and Pilar (2005)

SAN ISIDRO Adopters Non- Difference
(PHP) Adopters (PHP) (%)
(PHP)

GROSS CASH INCOME 34,968 20,012 14,956 75
GROSS FARM CASH INCOME 29,404 14,273 15,132 106
GROSS UPLAND INCOME 15,591 4,749 10,842 228
NET CASH INCOME 26,122 15,395 10,727 70
NET FARM CASH INCOME 20,558 9,656 10,902 113
NET UPLAND INCOME 11,255 3,466 7,789 225
PILAR

GROSS CASH INCOME 23,044 22,078 966 4
GROSS FARM CASH INCOME 22,037 10,798 11,239 104
GROSS UPLAND INCOME 14,159 5,705 8,454 148
NET CASH INCOME 13,294 17,285 3,991 -23
NET FARM CASH INCOME 12,287 6,005 6,282 105
NET UPLAND INCOME 6,418 2,694 3,723 138

In both San Isidro and Pilar the gross and net gasime from upland crops was two to
three times higher for adopters than for non-adspta@part from coconuts, the two

sources of cash income that separated adoptersm@médopters were banana and
vegetable production (Figure 10). These two adéisitvere most closely related to the

adoption of Landcare practices. The integrationbahanas and vegetables into the

16



farming system not only increased the absolutel levencome but also the frequency
of income flows. With coconuts responsible for gatiag such a large proportion of
income but only harvested three times a year, hmlds had to mange these peaks and
troughs in income. This often resulted in farmensverd-selling the coconut harvest to
a middleman at a lower price in order to purchasgshkhold goods or farm inputs (Rojo
Balane, pers. com., 2008). Hence crops associatitil andcare improved the

performance of the farming system in several raspec
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Figure 10 — Value of gross cash income derived frofivelihood activities
It should be noted that these increases in income from a very small base, often
from income levels below the poverty line. Therefowhile in absolute terms these
changes may seem insignificant, from the perspedaivthe adopting households the
increases in cash income often resulted in sigmfidivelihood outcomes. As indicated
previously, PHP 2,828 in 2004 was viewed as th&emihce between an individual
meeting only their food requirements and being dbl@lso meet other basic needs.
Given a high percentage of the population are ¢vam incomes around the food and
income thresholds, the small changes indicated ablel 3 would have significant

livelihood benefits for adopting households.

The aggregate on-site benefits of adopting Landpeaetices is determined by the level
of adoption of NVS and the degree to which housghaoivest in further activities made

17



possible on the more stable hillsides. Income waluere assigned to the adoption of
NVS and enriched NVS based on the survey resuttsied in Table 1. Given that the
majority of adopters of NVS in Pilar had yet to iehrtheir contours, the difference in
net upland income for Pilar was assigned to thigalrddoption of NVS (PHP 3,723).
Rather than using the incomplete enrichment datmeayear lag was assumed before
enrichment would take place on these adopters'stalinwas also assumed that 90 per
cent of households that adopted NVS would go oremoch that parcel in the
subsequent year, with the remaining 10 per centir@ng with NVS only. Enriched
NVS was valued at the difference between the nktngipincome of adopters and non-
adopters in San Isidro (PHP 7,789).

The estimated annual on-site benefits of the adopif Landcare practices are shown
in Figure 11. As can be seen, adoption of NVS vessimed to have peaked in 2008,
meaning that enrichment subsequently peaked in.2008ality it is expected that there
will be some ongoing adoption as a result of fartoeflarmer transfer and ongoing
activities of the municipal governments. Howevére evidence suggests there is no
significant spill-over to municipalities beyond thandcare sites without some form of
extension program, and that ongoing adoption withie existing sites is limited by

shifting local government priorities.
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Figure 11 — Estimated annual on-site benefits of ldcare in Bohol
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Offsite impacts on irrigation farmers

In Pilar, one of the clearest impacts of erosioa (la part) to upland cropping has been
the sedimentation of the Malinao Dam. The dam wesigthed to serve about 4,960
hectares of adjoining agricultural land since 1996 has a catchment area of about
13,800 hectares. The problem of sedimentation usec obvious given that much of
the sediment has accumulated in the live storaggoaent of the reservoir and can be
observed as the dam is frequently empty. An estichat00,000 cubic metres of
sediment accumulated in the dam in the eight yt®a2604 (BSWM 2006).

The impact of sediment accumulation in Malinao Damrealised in the form of

foregone irrigation benefits due to reduced storemgacity. Sediment that accrues in
the active storage reduces the ability of the damaipture surplus water during peak
inflow events and store it for use in times of diéfiSediment therefore reduces the
airspace of the dam, leading to more frequentssfidm the dam once capacity has
been reached. Assuming that a cubic metre of sedimlisplaces a cubic metre of
water, it is estimated that around 400,000 cubitreseof water storage capacity have
been displaced by sediment accumulation. Any aufdhti water that spills beyond this
amount would have been lost even if no sedimentdwdimulated in the reservoir.
Furthermore, if the reservoir is never subsequestiypty then the opportunity cost of
sediment is one off. For example, if the dam igulitcapacity and irrigation use draws
down the level by 2 million cubic metres, the wdearel will be at the same height in

both the with- and without-sediment cases, andetbez water will spill at the same

point when the dam fills again. However, once theneo water left in the live storage,

the cost of sediment will be incurred again givaattwater could have been drawn
down further if there was no sediment, increasimg airspace in the dam to capture
future inflow. This is the case in the Malinao Damnich is often empty twice a year in

response to irrigation activities in the two crappperiods.

In the original feasibility studies conducted fdretBohol Irrigation Project it was
estimated that the construction of the Malinao Daould allow 4,960 hectares (100
per cent of the service area) to be cropped with during the wet season, and 60 per

cent of this area in the dry season. It was alsmated that during the wet season each
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hectare would need to be supplemented with 570 fnwater from irrigation, which is
equivalent to 5,700 cubic metres of water per hect®uring the dry season the
requirement was estimated to be 690 mm/ha, althaygin the smaller target area
(Table 4).

Table 4 — Malinao Dam design parameters

Season Target AreaCropping Irrigation Irrigation System
(ha) intensity (mm/ha) (CM/ha) requirementg
(%) (MCM)
Wet season| 4,960 100 570 5,700 28.27
Dry season| 2,980 60 690 6,900 20.56
Total 160 1,260 12,600 48.83
Source: JICA

The system is highly dependent on inflows and castare enough water to irrigate
even a small fraction of its service area. In thseace of inflows the dam at full
capacity at the beginning of the wet season coutige enough water to service
around 18 per cent of the target area. Similahg, main canal's capacity is 11.8 cubic
metres per second and could empty the dam in ar@a8dhours in the absence of

inflow when run at full capacity.

If it is assumed that, with sedimentation, the anmiaf water delivered to each hectare
of land remains the same, a reduction in the arggied is necessary. If 100 per cent
of the 400,000 cubic metres of sediment that hairaalated by 2004 had replaced
active storage, then in that year 70 ha of wet@easigated area was lost and 58 ha of
dry season area, totalling 128 ha of foregonearea due to sediment. Each year more
sediment accumulates in the dam, further redudiegpbssible area of rice production
(Figure 12). Also presented in Figure 12 are theuahvalues and discounted values of
these losses, based on data for the per hectareetuens to rice production in the
irrigation scheme (OIDCI 2006).
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Figure 12 — Opportunity cost of sediment accumulatin in Malinao Dam

While there is little doubt that sediment accumolatis reducing the capacity of the
dam, in reality the significance and distributiditloese impacts are largely determined
by other factors, including the timing of rainfaents during the growing season, the
institutional arrangements that determine the atioa of water between users, and the
value of alternative land uses. Furthermore, thityabf the voluntary adoption of soil
and water conservation practices in the upper siager to mitigate these costs may be

limited.

For tangible benefits to be realised at a waterdéeel, some critical mass of adoption
is required before the plot-level impacts flow tigb to the wider community in any
measurable quantity. The Landcare Program has gedviraining in soil and water
conservation techniques in only a subsection of thatershed. Furthermore, the
practices are targeted at upland (non-rice) part®lsle these plots produce some of
the highest erosion rates (BSWM 2006), they aretimdidominant land-use activity in
the watershed, and there are numerous filters mkd $etween the upland plots and
drainage lines, including rainfed rice paddies.Figure 13 a terrain analysis model,
TauDEM (Tarboton 2003), was used to model the dtypesinfluence of parcels of
land classified as non-rice agricultural land witlRilar. This function tracks where
contaminants such as sediment are expected to thovegh the landscape using a

multi-direction flow algorithm.

21



Downstreamnfluence:

Figure 13 - Downslope influence from all non-rice griultural land in the
Municipality of Pilar

The model was used to analyse the incremental mdopf Landcare practices on
agricultural land within Pilar. A transport limiteaccumulation function was used to
determine how this land-use change influenced tiative reduction in sediment
delivered to the drainage network (Tarboton 2003)ree scenarios were used to
determine how progressive adoption within the taagea would influence sediment
delivery. First, land-use change was allowed tauocandomly within the target area.
Second, those areas with the highest plot levelsradion were targeted for adoption
first. Third, the areas closest to the drainagevost were given priority. The results of

these simulations are shown in Figure 14.
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Figure 14 — Relative reductions in sediment delivgras a result of land use change

Given the relatively small percentage of the entwatershed that is classified as
appropriate for contour farming, even when 100 pent of the target area was
converted to agroforestry the relative reduction sediment delivered to the
watercourses was small. The ability for land-usangfe to abate sediment delivery was
also driven by the intensity of the simulated ralhévent. During high-flow events the
conservation measures resulted in smaller relat@drictions in sediment delivery,

especially where high-erosion sites were targatst f

It is recognised that the scale of the land-usssdiaation data used was not sufficient
to reflect the many small upland parcels croppeth \maize and other upland crops.
Nevertheless, the results show that the spatigilalision of adoption is likely to be as
important as the extent of adoption when it coneeddlivering off-site benefits. This
reflects the views of Van Noordwijk et al. (2004havstress the importance of the
location of filters within the landscape. Even tghdilters may only occupy a relatively
small fraction of the total area, they interven¢éhwateral flows and have a large impact

per unit area (Van Noordwijk et al. 2004).
Using the estimates from the terrain modelling, abdity for Landcare-induced land-

use change in the uplands to reduce the amourmdirnent reaching the Malinao Dam

was estimated. The base year was converted to 200bthe lost capacity before this
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date considered sunk and irreversible. Figure Dwskhe annual benefits in saved off-
site costs generated by land-use change that seisulh 2, 4 and 10% reduction in

sediment delivery.
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Figure 15 — Annual saved off-site costs of sedimeatcumulation as a result of
upland land-use change.

An economic evaluation of Landcare in Bohol

The on-site and off-site benefits of the adoptidnLandcare practices presented in
Figures 11 and 15 appear to make a prima facie foagbe Landcare intervention in
Bohol. These benefits, however, need to be cormidatongside the costs of the
various projects that have helped to achieve theé-lese changes, including the costs of
the research and extension projects and the cqamteactivities of local governments.
These costs are shown in Figure 16. Importantlypyraf the potential impacts of the
initial AECI-funded ICRAF research project regamglithe propagation of fruit and
timber trees has not been included in the benegfit®n the uncertainty regarding how

these activities will perform on upland farms inHga
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Figure 16 — Cost of the research and extension pressof the Landcare Program in
Bohol by agency

The sum of on-site benefits and off-site benefds fMalinao dam are presented in
Figure 17, showing that dominance of the formereréhare other impacts of sediment
delivered to watercourses in San Isidro and Aligach as impacts on coastal
ecosystems, that are not included in the analysis.example, in the Maibojoc Bay,
north of the mouth of the Abatan River which dramsch of San Isidro, all coral reefs
have been covered to some extent by fine sedinoerat fiength of coast of around three
kilometres. According to German Development Ser(izED) research, all reefs within
three kilometres of the mouth of the Abatan haventaestroyed by an increase in water
turbidity and a further three kilometres of reefe &eing covered. Given that corals
need clear water and hard substrate to settlepitbgence of smothered coral reefs
implies a recent change in the sedimentation regdhie bay (Jose Antonio Cabo, pers.
com. 2008). However, as was the case in Pilarrdlaive contribution of small-scale
land-use change on upland parcels is not likellgaee significant impact on the total
amount of sediment delivered to these coastal st@sys. Therefore the composition of
the benefits is likely to remain dominated by thesite benefits accruing to the

adopting households.
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Figure 17 — Annual on-site and off-site benefits dfandcare®

Combining the costs (Figure 16) and the benefitguiieé 17) it can be seen that the
Landcare intervention in Bohol is characterised dayly net costs associated with
research activities that give way to net beneétsrlin the period as adoption increases
during the extension phase (Figure 18). While #tarns to the extension phase of the
project are significant compared to the earliergehat is important to emphasise that
the rate of adoption in this phase builds on thenftations laid during the research
project in San Isidro. It is unlikely that the alerated adoption seen from 2006 would
have been possible without first establishing k&g node that allowed for the transfer

of knowledge and the training of extension staff &armers through cross-site visits.

Even given these early costs, the Landcare Prodrasmna positive NPV of PHP
3,249,278 for the 20 year period simulated (200212@sing a 5% discount rate. The
benefit-cost ratio is relatively small (1.22), tlyby as indicated, some of the potential
longer-term benefits of the research activitiesehawt been included. The internal rate
of return (IRR) is a modest 7.4 %. The on-site&ife composition of these benefits is
29:1, indicating that the Landcare Program is figsti primarily by its impact on

livelihoods in the marginal upland communities wheiroperates.

% The onsite benefits are the aggregate for aletiMenicipalities whilst the offsite benefits armited to
the estimates for Pilar where the Malinao Dam éated.
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Figure 18 — Annual net benefits of the Landcare Prgram in three municipalities in
Bohol

Table 5 illustrate how variations in two key asstions (returns to enriched NVS and
the potential for Landcare to mitigate sedimentuanglation) influence NPV. The
result is quite robust except for the lowest valaethe two variables, though the NPV

remains modest at best.

Table 5 — Sensitivity analysis

Value of enriched NVS Landcare reduction in sediment delivery

per household
2% 4% 10%

-20%  PHP 6,231 -PHP 175,105 PHP 138,823 PHP 1,080,604
PHP 7,789 PHP 3,145,801 PHP 3,459,728 PHP 4,401,509

+20% PHP 9,347 PHP 6,466,706 PHP 6,780,633 PHP 7,722,414

The inclusion of the costs and benefits of the @ased pre-history to the ACIAR-
funded project in Bohol is important when evalugtihe viability of establishing a
SWC research and extension project in a relatimely site, as was the case in Bohol. It
would therefore be misleading to omit these costs assume that the transfer of the

Landcare Program to a ‘green-field’ site could agbithe rates of adoption experienced
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during the extension phases of the program (pa@5R®&ithout the initial investment.
However, expansion of the program into other neanoyicipalities that can draw on
the original research or learning hub can resutamid adoption at relatively low cost.
For example, the BCR of the expansion into Pilat Afcia is estimated to be around
4.3 with an IRR of 35 per cent.

Conclusion

There is no denying that soil erosion in upland camities of the Philippines remains
a serious problem, undermining the livelihoodswhl households and contributing to
externalities elsewhere in the watershed. The deweént and dissemination of low-
cost, adoptable soil conservation practices is dumehtal to achieving improved

livelihoods for the upland households in these mmatgenvironments.

We conclude that the economic impact of the Larel@nogram in Bohol is positive,

even when taking into account the prior investmemesearch and training. The major
beneficiaries of the Program are the individual deholds who adopt the conservation
farming package, these benefits largely generayethd opportunities that arise once
the hillslopes have been stabilised. Though thelatesincrease in income is small, its
significance for the adopting households is lamgigh adopting households having on
average twice the level of farm income as non-agtgptThis had the potential to lift

households above the rural poverty line allowingmitto meet their basic requirements.

The focus on small farmer development does not dieeyseriousness of downstream
watershed problems arising from upland agricultMvéile this analysis concludes that
the downstream impacts of land-use changes assdamth the Landcare Program in
Bohol will be of marginal importance over any tirperiod of economic interest, there
are still positive off-site benefits. However, tfeeus and primary justification of the
Landcare Program should remain on improving thedyetivity and livelihoods of
upland farmers, with these downstream impacts bsaem as side benefits of what is
essentially a livelihoods program.
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