


Chapter II Present state of watershed conservation and evaluation of the area
1 Safeguarding watersheds from the viewpoint of natural conditions
1-1 Scope of the study area

- The study area extends to 4 to 15 km from east to west and to 44 km from north to south,’
covering about 90,000 ha. In the cast, backbone- -type mountains extend in the north-south
drrectr_on and constitute a wate_rs_hed for the Antananarivo plarn and the tropical rain forest on
the Indian Ocean side. Asa wh_ole, the study area covers a platean 1,350-1,700 m high with a
complex relief and multiple folds formed by erosion (see figure II-1). The altitude increases
from north to south. The two lakes of Mantasoa and Tsiazompaniry are located in the
northern and southern parts of the study area respectrvely The dtstance between the two lakes
is around 5 km and is a well-folded area at nearly the same altitude, forming a mountainous
'zone in the east. Rrvers flow from south to north, but to west and fo east in the zone l_)etween
the 2 lakes. The western p'art.is beirtg de'v'eloped ‘with hamlets and many eucalyotus trees
berng planted, Towards the south, the hamlets dlmmrsh In the eastern part, the forest is
degraded and grassland and shrubs prevall At the eastern end of the study area, relatrvely
huge natural forests are found The entire study area is poor in vegetatron Some believe that
it was a wooded savannah in the past leavrng us to thrnk that it has always been poor in
Vegetatron since the begmnmg There are few trees especrally in the southem part where the
trees are scattered at the edges of crests or valleys Thrs zone is largely covered by grass.
" There has been no srgmflcant destructron of the mountamous areas since drfferences in levels
| are minor and the slope at the rrverbed is relatrvely mild. However small traces of destruction
~ were found on steep slopes m the small valley. In the south of the Tsrazompanrry zone,
contlnued traces of destructlon are found throughout the length of the waterways ﬂowmg from
“south to north. In general the mountamsrde has experrenced little destruction and only in
spectfrc sites. However, vegetatron 1S scarce and Sorl erosion is frequent
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1-2 Target area

The target area for the watershed management project in this study is the Mantasoa and

Tsiazompaniry lake areas. Table II-1 shows the topographical characteristics of these two
zones. ' ' :

a. Mantasoa zone - o _
With a capture surface of around 9,300 ha', the Lake Mantasoa occupies around 84% of the
zone (see Annex 48). The drop is 200 m.  Its capture surface is principally found in the
- southern part. Asrde from the southem part its capture area is very narrow and rains flow
d1rectly into the lake The prmcrpal watercourse is found in the south, in two rivers at least 5
km long ﬂowmg from south to north and into the lake (see annex 47). Each river has 2 or 3
tributaries. The slope of the bed is m1ld around 2%. The principal river is 6.3 km long. lts
- bed slope is mild, from 0 to 1% downstream but slrghtly increases to 3.3% upstream. The
average slope is around 2% Generally, the slope of the frrst watercourse is 3 t0 4%, and 0 to
1% for the second watercourse. Stagnant water and soil may be found at the ]llnCtIOIl due to
- the differences in grad_rerrt On the two banks of the watercourses, the hillsides have steep
slopes and short valleys. Rains falllng of the small valleys ﬂow raprdly into the prm01pal )
watercourse. The lower part of the small valleys tend to erocle with possrble landslides.
- However, since the river slope is gradual eros1on is slow and soil is lost in the river bottorn
curves. No soil accurnulatlon is visible in the }unctlon with the lake
The forest vegetat1on includes natural forests tree plantmg, shrubs, bushes, and meadows
Natural trees are gathered in the external and upper parts of the eastem capture zone Beyond .
this area, in the west and south trees with scatterecl bushes are found at the edges of steep
slope valleys and a few in the peak portlons Meadows/shrubs occupy the ma]or part ot' the
capture zone. However, as we g0 southward the eastern part there are places rich in
vegetation. Much of this vegetatron should regrow naturally if there were no fxres Many tree
plantmg arc found in the western part, partrcularly eucalyptus trees but also some pine trees.
In the castern part, eucalyptus trees are planted on the shores of the lake. Eucalyptus tree
.plantmo is in progress in the northern and southern parts o . e |
Land is generally used i in the higher parts for tree plantlng or grazmg, for flelds (tanety), and
terrace planting. In the lower parts, lan_d is used for r1ce__cult1va_t10n, _wrth Jocal varlatrons. In
the western part, land is rationally used and'classified according to altltude' -Towards the
south however there is extensive land use. In the eastern part a few cases of plantmg on .
burned land have been found. ' - -

If we consider the situation descrrbed above from the vrewpomt of watershed conservatron

aside from the southern part the capture area is minimal, the valleys are small and many of
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the valleys directly channel rain water, including torrents, into the lake. In this arca, rural

development progresses in the west where there are many hamlets. In this area, land use has
~reached its limits and rational management based on the conservation of water and soils is
carried out. The tree planting of mountain peaks, not adapted to cultivation, has progressed
and the planting rate is high. This certainly cxplains the low risk of soil erosion. In the
northern part, meadows and shrubs occupy a big portion of the land, with significant soil
_ erosion. In'the eastern part, ‘meadows and shrubs also constitute the principal vegetation.
Even on land desrgnated for tree planting, immigrants have settled and built their own farms.
While vegetatlon is scarce, the added uncontrolled use of the land has mcurred the imminent
risk of soil erosion in this region. There is a strong need for regulatlons for use of the land
with water and soil conservation.

Table 11-1 T()pographlcal characteristics pet zone

Elements of the watershed - . Mantasoa zone Tsiazompaniry zone
Surface of watershed (ha) A 11,100 38,100

Surface of capture area (ha) B 9,300 35,000

- Lake surface (ha) o . 1,800 - _ 3,100 -

B/A o : ' - 84 . ' 92
Level variations (m) : - 1,400 — 1,600 1,500 - 1,750
Relative aititude (m) 200 ' 250
Length of principal watercourse (km) 63 - - i8.4
Gradient of the principal riverbed (%) : 1.7 - 1.2

Percentage of forests o o 29 : ' 24

The southern part is eertarnly the only capture zone in the Mantasoa reglon It has soil erosion
but it is an essentlal area prov1d1r1g water reserves. It is subdivided into 3 small watersheds.
_ ‘Each watershed starts upstream at a relatrvely steep slope The first watercourse is subdivided
into the second and third watercourses, which provide water to the principal course. Since the .
slope of the pr1nc1pal river bed is mild and long, the Speed of soil erosion is slow. However,
in areas where the bed slope difference is large, there i is risk of ﬂoodmg from its own waters.
Grasslands occupyrng a huge portron of the watershed have led to the degradatlon of the area,
" with poor mflltratlon of ram water In some areas, torrents from steep rnountarnsrdes have led
to s01l erosion. To prevent 5011 erosmn downstream and i improve the water source reserves,
the safeguardrng of the watershed through the adapted use of the land tree plantlng and fire
" 'frghtmg measures, etc. are 1ndlspensable Since the Southem part is vrrtually the only capture
area m the Mantasoa zone, these rneasures w111 be very 1mportant in the future. '

b Tsrazornpamry zone _ . _

The Tsrazomparury zone has a surface area of around 38 100 ha, arrd its capture zone
- constrtutes 92% or around 35,000 ha (see annex 49) : . '
The level deference is 250 m tis around 200 m in the majorrty of the area. The watershed is
wrde in the north and south The southern and south- eastern parts form the b1ggest part of the
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capture zone. Since the western and eastern parts are narrow like in the Mantasoa zone, rain
water directly flows into the lake. The principal watercourses are concentrated in the southern
part, There are more than 10 watercourses of mote than 10 km long. They have m'any
tributaries and run slowly. Almost all flow from the south to the north and drop into the lake.
The slope of the beds is mild for the prmcrpal watercourses, but tend to become steep
upstream. Towards the interior, they tend to constitute a wider watershed in the form of a bag
The prmc1pal watercourse is 18.4 km long. For around 17 km from the 1n]et of thc lake it
flows slowly over a bed slope of around 1% ~Towards the interior however, for 2 km, ther
slope becomes stesper at around 3% (see annex 47). The average gradlent is around 1.2%.
Tributaries in the interior and rain from the banks flow rapidly, but more slowly in the
principal watercourse. Sediment production and outflow are expected from small rivers with
steep slope and torrents from mountainside, but slope is mild in the principal watercourse and
the speed of soil run-off is considered slow. No soil accumulation was noted in the junction
with the lake. | o o o

In the eastern part the capture zone is narrow, watercourses are short (maxzmum 600 m}, the
bed slope is 3 to 10%, but steep in some areas. In the western part, the watercourses are ‘even
“shorter (maximum 400 m), the bed slope is around 2 to 3%, but reached 7% i m some areas.
Forest vegetatlon is the same as in Mantasoa but there are ‘more natural forests These natural
trees are concentrated in the eastern and south- eastern parts (see annex 51) In the eastern part,
they are concentrated in the eastern SIde of the watershed runnlng in the south north drrectlon
In the south- eastern part, they grow in the eastern srde of the valley across the watercourse
Among the natural trees in the watershed we noted many dead trees damaged by forest ftres
In other areas, only few shrubs are scattered on the steep slope The southern part whtch
constitutes the major part of the capture zone (eacludtng the south-eastern part), is practlcally _
covered wrth grass. Tree plantmg develops in the western part and become more and rnore :
sporadtc towards the south. Eucalyptus and pme trees occupy the entire bank towards the
center of the lake. There were traces of coarse cutting of plnetrees at spec1ﬁc pomts Plne.
forests have also been damaged by ftres as the result of whrch rnany forest groups have been :
transformed into degraded tree plantmg areas Eucalyptus trees plantmg by the vrllagers have
progressed from the west to the south, and are now advancmg towards the south eastern part .
~ The basic type of sorl use vtsrble in the Mantasoa zone has been cons1derably deformed It is -
still visible in the western part, but further down the south use of the land becomes more and :
more rough. Rice fields and the tanety in low lands are examples of reasonable use from the _
topographical v1ewpo1nt but distribution of portrons PEr purpose 1nc1ud1ng tree plantlng areas -
and grazrng land is 1ncon31stent This is consrdered to be caused by the fact that there are very

few hamlets leavmg wide spaces avarlable In the south vast grasslands are stlll left unused.

: From the viewpoint of safeguardlng watersheds the srtuatron here is the same as m Mantasoa.'
Aside from the southern part (rncludlng the south east) the capture zone is narrow In rnany'
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areas, rain water flows directly into the lake. Since the land is used extensively, the risk of
outflow of soil is considered higher than in Mantasoa. In particular, many grasslands in the
north and castern parts are suspected to have been used for grazing and since rain water
infiltration into the soil is poor, the degree of the outflow of top soil is considered high. The
southern part (including the southeast portion) which can be regarded as the only capture zone
of the Lake Tsmzompamry, is subdivided into 4 small watersheds. While the slope of the
primary watercourse bed flowing from the mountain sides in the interior has the gradlent of 3
to 5%, the slope of the principal watercourse is mild, around 1%, and long. This is why rains
provoke temporary floods in areas where the difference in gradient is great. However, the
flow is generally slow and soil run- off is minor. But since grasses constitute most of the
vegetatlon torrents from htlls1des cause top soil to fiow out. An efficient land use plan is
necessary to prevent soil outﬂow to the downstream area and to improve the recharge function
- of the water source reserves. Above all, the management of meadows with speelal attention to
the safeguard of the watersheds is essentlal

- 1-3 Soil prdpertie_s in the targét area _

First of all in making the 'waters_hed management pl_an,' it is mecessary to grasp individual
" topography, what characteristics the land has, and how land is related to vegetation In order to
obtain this basic knowledge soil surveys were conducted in the target area in \/lay and ] une
1999, and the followrng results were obtatned The 1nformat10n gathered provrdes many
suggesttons for makmg an tree plantmg plan or a detailed desrgn for forest preservation {Data
and materials related to the sorl surveys are attached in Annexes 38 - 46.).

- 1.31 | Profile of soil
(1) Grassland
Grassland whose surface is covered w1th native grasses has a Layer Aof 15-20 cm in
| thlckness and, in the lower part, a Layer B contammg a lot of weathered/unweathered

| "conglomerate of granlte It is characterlzed by the accumulatron of lammar condensed matter

of i iron oxide or aluminum oxrde Such a soil layer contains little humus and has a wall-like
i so1l structure without vacant spaces Therefore the growth of roots cannot be much expected
" and the water retentton funct1on is consrdered to be low. ‘ o '

'(2) Natural forest : ‘

Iayer A is cons1derably thrck and parttcularly Layer AO accurnulates to a consrderable
3 thrckness as a result of l1tter frorn the ground surface In Layer B, little conglomerate is found
' unhke the sorl layer in grasslands As masswe structure develops and has many vacant spaces
it 1s surtable for the growth of roots, and has suff1c1ent water retent1on functron Thrs means



that the function for cultivating water sources is high.

(3) Land afforested with eucalyptuses

While Layer Ais thrck little development of Layer AQ is seen. The consrdered cause is that
branches and leaves are artificially burnt when materials for firewood and charcoal are
gathered. Since eucalyptuses have taproots, the roots extend to the con31derr;rb13,r deep part. But,
in the soil layer with a conglomerate layer 1nscrtod the growth of roots is hmdered which
results in growth of eucalyptuses that is not so good

(4) Land with Phrhppra shrubbery

The ground surface is covered with several kmds of moss, and a humus laycr is formed by
dead moss from the ground surface to a dcpth of 15 cm. J ust under this layer, howevcr a small
conglomerate layer about 15 cm thick accumulates. In thc lower parts of this layer Layers Bl
- B3, the accumulation of iron oxide is found sporadrcally. In such a soil, since the
accumulation of conglomerate and iron oxide hinders the growth of roots, it can be regarded
~ that good growth of afforested trees cannot be expected. Therefore, it is possible to determine
 that land with Philippia shrﬂbbery indicates land unsuitable for tree planting.

1- 3-2 Sorl solldlty and thlckness of effectlve sml layers _
A) Sorl sohdlty Soil sohd1ty in the part near the ground surface is related to vegetatton to
~ some degree (see Figure 11-2 and 3). Explanatlons classrfled by vcgctatron types are as
: follows The northern slopes that receive direct sunlrght heat grcatly and are dry and havc
high soil solrdrty On the contrary, we obtained the result that hamcssmg of the southcrn _
slope was low.
(1) Grassland _ :
Native grasses of 30 - 40 ¢m in herght grow on the ground surfacc As the densny ]S ot
high, drrect rays of the sun reach the ground surface. As a rcsu}t the ground surface is clry
and solrdtty is high. In addttlon scvcral mscrtod conglomcrate or lamlnar layers in the sorl
Iaycr make sorl solldlty high. '
2) Naturai forest : N . .
As few conglomeratc or 1am1nar 1ayers are contamed in the sorl sorl sol:drty shows low '
 values. : ' |
(3) Land afforested w1th eucaiyptuses .

The formation of a humus sorl Iayer by supphed 11tter makes sorl solldrty on ground
_surface low. T ' '

(4) Land w1th Phlllppla shrubbery and land afforcsted thh plnc trees T
The soil layer is thin and 1mmcd1atcly rcaches bodrock or a unweathercd conglomerate
* layer that has sohdrty srmllar to that of bcdrock Thcrefore, sorl sohdlty on the ground
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B)

surface is high.

Thickness of the soil layer: Except for places with extensive Philippia growth, the relation
between vegetation type and thickness of the soil layer is weak, As to the relation to
topographical parts, the following results were obtained,

(1) Convex slopes

The soil layer in the upper part of the slope is the thickest, and the soil layers tend to
become thinner toward the middle part and lower part. If tree planting is carried out on a
convex slope, as the thickness of the soil layer even on the upper part of a hill is high, it is
judged that sufficient growth of forest trees can be expected.

{2 Concavc slopes

- This topography is not often found in the investigation area. In the case of this topography,

the soil layer in the upper part of the slope is the thinnest, and the soil layers tend to
become thicker foward the mlddlc part and the lower part, Therefore, it is a case contrary

- to the above-mentioned type For tree planting, it 1s recommended to introduce pine trees,

which root shallower than eucalyptuses, in the upper part of the slopc where the soil layer
is thin, and to plant eucalyptusr;s in the lower part of the slope.
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Relation between the vegetation and hardness of the soil surface
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2 Watershed conservation from the viewpoint of socioeconomic conditions

The problem of watershed conservation depends the existing natural conditions, However, as
long as people reside in the area, problems due to human activities are of great importance.
The fo!lowing describes the actual situation.
a. Increase of land used privately
In the study area development is oriented into 2 directions: agricultural development from
north to south along the western bank of the lakes, and from west to east. Development
towards the south is relatively old and orderly accompanying the formation of hamlets. As we
go southward, land use tends to be extensive, concentrating only in relatively fertile areas. On
the west 31de of Mantasoa, where the populatlon has been mcreasmg, the land is used
| efficiently, up to full capacuy, unlike in the south. Dcvclopmcnt towards the east, except one
part, is relatlvely recent. Immigrants have arrived from the west after a reduction of their -
- property due to division in equal parts for inheritance and farmers ‘building their own farms
from the west. These are also some former tenant fanners looklng for their own land, and
those plannmg to produce marketable crops. S
In many areas, the increase in populatlon and the fall of land producuwty result in not only :
easy expansion of cultivated land but also dcnuddtlon These phenomena causcd the
watershed waste. Although there is the. p0531b111ty that the situation will advance toward the
rational use of limited land accompanymg the increase in populatlon it is also casﬂy 1magmed
that devclopmcnt from the west side to the east side will proceed casﬂy
In the eastern coast of the lako thc rate of 1andownersh1p is Jow. The forest must be_
' safeguardcd as a precious source of water for the lake. To secure the precmus capture zones in
the south, it is mdlspcnsable to establish a general ptan for the land use and aim for an
agncultural dcvelopment to balance with the safeguarding of the envxronment

b. Extensive use.of the land - _ . I :

Except for the west _side of Mantasoa zone, the extensive 1ai1d_ use is a phehomeﬁoh ge’néral'ly
seen. The increase in populatioh accelerates this situation, which then causes a shortening of
the fallow period, unnatural crop locanon and hard driving of the land. As a result, land -

productivity has fallen. This furthermore results in the disordered expansmn of cultlvatcd land. B

and the expansion of dcnudcd land. _ _ _ . :

In the west side part of the Mantasoa zone, the villagers commlt thcmselvcs to make rat1ona1
use of the land after having understood the importance of safeguardmg the water and soil.
This case is considered to be a good cxample of use of the land in the study area To

- safeguard the watersheds it will be very useful to dlssemmate this method to the south and the |
east. Undlsc1p11ned grazing in a portlon of the south where the pOpulatlon densny is 1ow may

- cause the erosion of soils and water pollution of the rivers due to absence of trees on the banks. o
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¢. Disorganized cutting of forests

Cutting in natural forests (including shrubs) and tree planting under the Ministry of Water and
Forests is visible everywhere. It is clear that this cutting is not authorized and prevents the
regeneration of natural forests‘.' If no measures are taken, the remaining forests will also suffer
degradaﬁon. In the future, this will lead to the exhaustion of water sources. Trees are cut
~ down restlessly in the tree planting and some are left out as mush.

d. Slash and burn practice .

Traditionally, the slash and burn method was carried out under certain restrictions within the
village society, In recent years, however, thrs v1llage society appears to have lost its control.
The slash and burn method has its purposes, i.e., development of agricultural lands, securing
fresh fodder, burning after the felling, etc. Ho_wever, the reSulting propagation of fires has '
been an obstacle to the watershed conservation. The slash and bum practice produces
negatrve effects on the safegnardmg of watersheds “such as the surface soil run-off,
deterioration of the ramwater infiltration capacity due to the hardenmg of the soil, and
: 'obstacles to renewal of natural vegetatron

Coe Condrtlon of prrvate forests

Tree planting progresses frorn the north to the south along the western shore of the Iake It
' started under the supervision of the Ministry of Water and Forests and continued by the
vrllagers themselves Their initiative is enormous, cven if it was mottvated by economic
reasons such as the demand for firewood and charcoal. In this area where vegetation has
always been scarce, the reasons for tree piantmg activities were to supply firewood and obtain
water for farming. There has been no degradation as mentioned above (paragraph ¢.). This
- shows an orientation of the Safeguarding ac_t.ivities of the watersheds.

f. Forest management system :

The area in the eastern shore of the Iake and lands afforested by the Mrnrstry of Water and
Forests are both ‘under the authonty of the mmlstry However, the evident lack of
management personnel has overloaded its employees wrth daﬂy work (1ssuance of cuttlng
- authorrzatlons, etc) Patrol work at the site has become pracncally impossible. Without
. transport means, the efficient management of an extended area is 1mpossrble Srnce 1t is not
'possrble to expect an mcrease in the management persorrnel it rnay be worthwhrle to study a
replacement scherne usmg creative means '

3 Evaluation of the"w'a.tershed B
| For:'e\'falnation' of the_'WateEr'shed:, discussion 'nras made from the View'point' of both function to
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cultivate water sources and the degree of risk of collapse in the target area. For function to
cultivate water sources, attention was given to the permeability of each vegetation type and the
amount of water ﬂewing in the dam lake in the small watershed. On the other hand, with the
number of places that had ceﬂapSe as an external criterion, the .degree of risk of collapse was
anticipated' by combining natural environ_mental factors which seem to be concerned with
causes of collapse. This basic knowledge gives subjects to be considered for uses of land and
serves as an aid of determination of the Watershed management plan.

3-1 Function to cultivate water sources

3-1-1 Results of the permeablhty test :
CAs to the relation the between vegetanon and permeabﬂity, as shown in hgure II-5 we
obtained the result that soﬂ of natural forests had remarkably higher permeablhty than that of
other Vegetatmn types Th1s supports the hypothesm that aggregate structure develops in the
soil profile of natural forests, and, as there are many vacant spaces, pr0v1des supenor functlon
to retain water, as mentioned above in 1-3-1 regardmg the soil prof‘ﬂe Conversely, we obtained
the result that permeability of grassland was the lowest As soil structure of grassland has not

developed and has few vacant spaces, its function o retain water is Judged 10w _

Reiationsh:p between vegetauon and per_meablhty ‘
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Figure I1-5 Relationship between land usefvegetation and permeability

312 Investlgatlon of ﬂow : . _ Lo _
' Seemg ‘the relation between the ratio of area of vegetationlland use and the ﬂow in each '
_' watershed (Flgure 11-6), the specxﬁc discharge i is larger in watersheds with the mgher area ratio
of natural forests where the crown density is 50 % or higher. On the other hand, watersheds _
with a higher area ratio of grassland have srnaller specd"u, dlscharge What is pomted out as the '
* water control funcuon of forests is a function to successxvely decrease the peak ﬂow durmg N
floods and a function to stably supply the flow. It was clarmed that forests had similar -
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functions also in the investigation area, In Fig. 1I-6, Type (a) shows the relation between the
arca ratio of natural forests with the crown density of 50 % or higher and the specific
discharge; Type (b) shows the relation between area ratio of natural forests with the crown
density below 50 % and the spcéific discharge; Type (c) shows the relation between the area
ratio of both natural forests and tree planting and the specific discharge; and Type (d) shows
the relation between the arca ratio of grassland and the specific discharge.

3-1.3  Summary of study results _
The study results up to the present have led to the following conclusions:

The natural forest has a high infiltration capacity which ensures a sufficient water

retention capac1ty However, the infiltration capacity in grassy areas is low, resulting in

msufflclent water retention capacxty In afforested areas, the water retention capacity lies

between the two. '

-+ There is a negative relation between the surfacc hardness of the soil and the infiltration

capacny The harder the soil, the lower is the infiltration capacﬁy o .

+  As the forested surface pcrcentage of the watershed i increases, the greater becomes its ﬂow
rate. ' .

+ A natural forest has a bctter soil and water conservatlon function than an amflclal forest.
A natural fo_rest with high peak den31ty provides even higher soil and water conservation
function. -~ '
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3-1-4  Evaluation of the conservation of watersheds based on resuits of the flow rate
study | _

By applying the phenomena mentioned above for the evaluation of watersheds, it was found
that the eastern part of the Lake Tsiazompaniry and the southern and eastern parts of the Lake
Mantasoa are important areas for safeguarding the dams since natural forests remain in these
areas. The aatural forest surface area is quite vast in the eastern part of the Lake
Tsrazompanrry as compared to other areas (see annex 50) The influence of these natural
forests on the soil and water conservation of the Lake Tsrazompamry is considered to be very
important, based on the absolute flow rate of these watersheds. For the Lake Mantasoa, even
if the natural forest surface area is smaller in the southern and eastern areas, compared with
other areas, the only remaining natural forest are found in these areas and they still play an
nnportant role for soil and water conservation.
In other areas such as the northwestern and western parts of the Lake Mantasoa and the
westerm part of the Lake Ts1azompan1ry, small natural forests remain on the peaks, and
cucalyptus and pme trees have been planted These play an essentral role in safeguardrng
water and soil. In partrcular, soil and water conservatron capacrtv of the cucalyptus forests,
even if lower than the natural forest, rs hrgh as compared to the grassy ZOnes, and thereforc
they still play an 1n1p0rtant role.
It must be noted that grasslands occupy a w1de surface in the southern and northern parts of
the Lake I‘srazompanlry and in the southern part of the Lake Mantasoa. In these zones,
' insufficient flow rate is expected durtng the dry season thus leadlng to serious water'
R exhaustron problems for farming,. Even it the southem arca of the l_ake Tsrazompamry
represents more than 50% of the water sources, the grassy areas occupy around 60% of the
surface, whlch may affect con31derably the water defrcrency problem of the lake during the dry
- season. For the efficient use of these lands, the grassy areas must be rapidly afforested to
ensure stable water resources Based on the points grven above, the following measures are
consrdered necessary for the establrshment of the watershed management plan.
R0 Natural forests play an essentral role for water and sorl conservation, and it is essentral to
_ : protect them i in order to safeguard the watersheds o :

@ It will be effrcrent to convert the present grassy areas rnto forests to increase the sorl and
| water conservatlon capac1ty of the 2 lakes.

3-2 Study of landslide possibilities

3 _' 321 Method and results of the study

- Traces of small landslrdes are visible in many areas around the Tsrazompamry and Mantasoa
 lakes (see figure II- . At present these areas are almost entlrely covered wrth grass which
prevents any 1rnnnr1ent risk of new landslrdes but care must be taken in the future. An
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important step for determination of a watershed management plan is to grasp the distribution
of the existing places of collapse and to estimate the degree of risk of collapse in this region.
For this study, we examined the aerial photos of the target zonc. Among the photos (scale:
1/20,000) taken during the study, and reports on landslide traces, we indicated these on a mesh
map, counted the number of landslide spots within each mesh, and established mesh data
indicating the number of landslide sites (see figure II-7). We also found a total of 8
environmental factors closely related to landslides: Orainfall, @eclevation, @slope,
@direction, ®micro-topography, ®hydrological system, @geological structure (soil) and
®land use/vegetation. Factors related to the relief (elevation, slope, direction, micro-
topography and hydrological system) were taken at a scale of 1/50,000 from a topographical
map (scale: 1/20,000) established separately in this study. For land use/vegetation, we carried
out the same procedure by applying a mesh on the map on soil/vegetation used at a scale of
1/20,000 established separately in this study. The most important clements of the meshes
were considered representative of these meshes. Existing data was used for rainfall and the
geological structure (soil). Natural environmental factors were divided into several categories
to establish a mesh map (see annex 45). A muitiple variable analysis was conducted as an
external standard on the number of landslide sites per grid, obtained above, to score each
category of natural environmental elements. The annex 46 gives a Table of scores for the
differcnt natural environmental elements obtained. The range and partial correlation
cocfficient obtained show that the contribution of the geological structure (soil) and the
soil/vegetation use is relatively high for the landslide factors. | N
We cstablished a mesh map of the expected sliding potential by calculating the score of each
category per grid (see Figure II-8). This mesh map shows that areas where landslide is
expected are concentrated in the south. If we consider the mesh map indicating the actual
ﬂmmgﬁm&tMsumeammmsmmwofmmcﬁw&mmmhdmmmmwwsmmtmnn%hHMpm
qupmdw.“&madmemmdmemﬁmmwbdwmnmemmmmofwmwmdﬂmmgﬂws
and the number of actual sites on this map (see Figure 11-9). It can be judged that areas where
a large difference is shown are those which "have the possibility that collapse will increase,"
that is, whose "degree of risk of collapse is large." '
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Number of expected landslide sites

SR
¥ e

Number of expected landslide sites
based on the total number of landslide
sites as the external criterion
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3-2-2  Evaluation of the conservation of watersheds based on the expected sliding
potential

(1) Mantasoa zone

Actual sliding areas are concentrated in the shrub and grassy areas of the southern part of the

Mantasoa zone (zone D). If we consider the number of expected sliding sites, even if there

are differences with the actual situation, they tend to be more numcrous in the southern zone,

In other zones, they tend to be .slightly higher than at present in the castern shore of the lake

Mantasoa. In the western shore of the lake Mantasoa, the number of actual sites and those

with sliding potential are both low. " '

If we consider the difference between the actual number and the expected number of landslide

 sites, the figures tend to be greater in the southern part of the lake Mantasoa.

* This shows that the sliding potential which remains high up to the present in the southern part

of the Lake Mantasoa, principallry occupied by grassy and shrub areas, must be taken into

account during the estabhshment of the plan. The second zone at risk is the eastern shore of

the lake (zone E) The area with the lowest sliding potentlal is the western shore (zones Band

C) with the potential dlmmrshmg in the order of the southern part the eastern shore, and the
westem part

' (2) Tsrazompamry zone . .

Around the Lake Tsmzompamry, the southern part of the target area (zone D) and the eastern
shore of the lake (zone E), contam many sliding sites. The expected shdmg sites tend to
concentrate in the southern part The tendency is also relatrvely strong in the eastern shore’
along the lake from the southern part However the number of actual slldmg sites is not as
many in the westem and northern parts (zones A to C). The same apphes to the expected sites.
In this zone however, the sliding is relatlvely srgmflcant throughout the length of the fault
practically in the north-south direction of the western shore of Lake Tsrazomparury and the
western part of Analamihoatra (zones C to D)(see Chapter 1 1-2-1 Topography Rehef) The
presence of these shdlng sites due to the fault also appears m the number of actuai slldmg sites.
This is unique of the western part where the shdlng snes must are supposed to be few. The -
difference between the number of actual shdmg srtes and the expected number shows that the
zones with hlgh flgures exist suceessrvely towards the southern part of the Lake -
Tsrazompamry at the eastern shore (zones D to E) In the surroundmg areas of the Lake
Tsiazompaniry, it was concluded that the number of shdmg sites is mgmfrcant from the
southern part of the area to the eastern shore of the lake _The number of expected landshdes is -
also high. Durrng the estab]rshment of the watershecl management plan the 1andsltdes in thrs‘
area must be taken into account. In other parts of the study zone, the actual shdmg potentral I8 '

low and is expected to remain 50 in the future, But as mdrcated above, in the western part of o
the study zone, there were a serles of landslides due to a fault. Thls factor must be taken into
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account for the zone on this line (lincar structure of the relief).
4  Problems in watershed conservation

The present safeguarding condition for the watersheds has been explained in the preceding
paragraph, with a summary in Table 1I-2.
If we consider the natural condrtrons, the fragility of the natural vegetatmn is a problem.
There is very few natural wood left. The predominance of shrubs and grasslands, or areas
wrthout trecs, has led to much surface erosron Furrow erosion on the hillside may develop
into gully erosion. First of all, it will be necessary to protect the existing natural forests and to
assure the renewal of vegetation artificially or naturally Although th'e"relief is complex' relicf
due to soil erosion, if we exclude certain areas where level difference i is minor and local1zed
this does not seem to have a major effect on the safeguard of the watersheds.
From the socioeconomic v1ewpomt we may cite problems such as land use, the absence of
forest managernent the population rncrease, and the relatwe reductron of cultrvated land due
to the increase in populatron ' '
Land use: : : :
Plantmg on slopes, exrstence of wide Spaces w1thout forests uncontrolled grazmg and slash
" and burn planting may be Ctted as problematrc orrgrnatlng from tradmons or customs, It -
~ leads to decreasmg land product1v1ty It will therefore be necessary to study more
'appropnate land use to ensure the ‘watershed management Improvement of land
produetrvrty is essential as well as the efficient land use. Effective watershed management. _
can be reahzed through a parttclpatory method that is des1gned to help the vrllagers
recogmze and solve problems by themselves ’
Absence of forest management
The 1llegal cuttmg of wood and forest fires are the problems to be addressed by the Mrmstry
of Water and Forests In reahty, however the lack of management personnel has led to

msuffrcwnt supervision. - Since an increase in personnel is not expected at present the

management capacity of the Ministry of Water and Forests is limited. Creative means to
resolve the problem such as the measures recommended by ZODAFARB must be apphed
Populatton problem : . o
- It can be consrdered that the factors of watershed waste are mapproprrate land use and an
| increase in populat1on One of the causes that forces inappropriate land use is the sudden
increase in populatlon Even if proper means for land use are applied, the purpose of
_ 'watershed managernent will not be achrevable Therefore it is necessary to start family
-,_ planmng as part of the watershed management act1v1t1es In order to reallze practlcally
‘Eeffecnve farmly planmng, what is 1ndrspensable is empowerment through the active
partrcrpauon of wornen m watershed management and executton of plannmg wrth'
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promotion of the improvement of women's social and economic status. It is necessary to
discuss original and inventive measures.
Relative reduction of farmlands due to population increase:
Demographic growth has led to the relative reduction of farmlands etc, This is why the
villagers easily migrate from west to east of the lake to find land where they can set up their
farms. Since use of the land in this vast region tends to be extensive, this has led to soil
erosion. Safeguardrng of the land to secure water resources in the future is partrcularly
recommended in the eastern part. Measures must be taken to grve priority to the
maintenance and rmprovement of productron from land already cultivated in the west to
' reduce the pressure for development towards the east.
The above .mentioned problems link directly to productlon actrvrtres of the 1nhabrtants
Watershed preservatron will not be effective if each of these aetrvrtres is 1nd1v1dually grasped
it must be worked on with the productron actrvrtles of the inhabitants regarded as an overall
and comprehensrve sub]ect Therefore it is consrdered that the ob]ectrve of thrs watershed
_ management plan is to work on problems extendrng over varrous frelds under a
comprehensrve plan with the partrcrpatlon of the vrllagers _ '
| The intensive land use mcludrng slope plantrng and tree planting to secure water resources
~are recommended to safeguard the watersheds is berng Camed out in the western part of the
Mantasoa zone Land use to safeguard the water and soil and the ratlonal use of slopes are
good examples and methods of the proper land use, which must be largely drssemlnated
Furthermore the vrllagers of this reglon actrvely support tree plantrng It wrll be necessary to
' establrsh a motrvatrng watershed management plan to encourage such support |

Table [I-2 Present conditions of watershed conserration
1 Obstacles R

.~ Present situation : Problem =~ = - - Context
Existence of wide spaces without e ' ‘
forests ' S e . .
Use as grazing land ' Increased surface erosion L Tradmonal land use
: * Pollution of rivers . o2 Absence of an overall plan for
L " Origin of forest fires '  land use -
Shrub/grass lands . _ o o .3 Absence of gurdelmes for land
: use

4, Insufficient fi nancrng for tree
planting (Mlmstry of Waler and

Foresls)
Planting on slopes o . R I S
Tanety in grasslands ' Outflow of soit - - - L Tradrtronal land use ‘ .
: : Decrease of land productivity 2. Absence of cultivation gurdelmes
S S - by farming teehnoiogy trarnmg
orgamism - -

. P 3 Populauon increase . '

. Yllegal cutting (national forest) : : R : Lo

‘Wood-shrubs/bushes : Reducuon of capacrty o regenerale 1. Galhermg of © maierials @ for .
' ' vegetation - : - charcoal ' a
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Wood - tall frees
Tree planting

Forest-country fires
Wood-natural tall trees

Wood-nafural bushes/shrubs

" Shrubs/grass lands

Uncontrolled livestock breeding
Slash and burn on grass lands

Absence of p-rolec.tcd forests

Migration, farming away

Afrom
" home B

Stash and burn plantin.g ..

2. Elements to be promoted
Present situation. _

~ Planting on slopes
Intensive land use

{Rational land use based on Slopcs)

Enlargemeht

of private tree
planting ' R

Tree planting of water source
. areas : : -

Rapid increase of grasslands
QOuliflow of soil

Reduced capacity for regeneration
Degradation of forests

Reduced capacity for regeneration
Degradation of forests _
Reduced capacity lo regenerale

~vegetation

Acceleration of transformation to
grasslands '

Accelerated surface erosion
Degradation of soils

Quiflow of soil and increased risk
of landslides

Pollution of rivers

Extensive land use

Private and uncoordinated land use

E Degradation pf natura} forests

Advantages at the watershed
management level

Minimized soil erosion

1. Prevention of soil erosion

_ 2. lmprovement of soil and water

conservation .

3. Increase in the 'percemage“of
. forests ‘

Recharged water reserves
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' 1.Reduced farmland

2. Lack of management personnel

3. Unawareness of villagers io the
common £ood

4, Collection of traditional materials
for family consumption

5. Complexity of the procedure 1o
obtain cutting license

1. Lack of forest
persannel _

2. Ignorance of villagers regarding
forest fires '

3. Reduction @ of the  self-
management capacity of the
village society

management

1. Supply of fresh grass

2.Absence of guidelines for
management of pasture o
3. Reduction of the self-

management capacity of the
~ village society :
due to
* population increase and division
into equal parts of inheritance
2. Absence of agricultural
guidelines '

1. Absence of forest management

2. Traditional planting methods

Context

1. Maximized land use in the region

following population increase

~ 2.Living ~ know-how based on

- experience

. 1. Fuel requirements in urban areas
2. Provision

of firewood = and
" construction wood for family use
3. Safeguarding of water and the
" soil

Water supply for agricultural use



Chapter III Initial environnienta! study

The Initial Envi'ronment_al Study (IEE) is a summary study to judge whether the environmental

impact assessment (EIA) is required or not. In other words, the potential effects of the

different activities in the participatory watershed management plan on the actual environment

will be mmaliy studied. Based on this study, the nccessny of an in depth env1r0nmental

impact evaluation will be determined.

This study covered the followmg pomts :

@ Act1v1tles under the watershed management plan in accordance with the ob]f:ctlves of the
present study : _

@ Environmental situation in the target zohc of the plan

® Potential impact on the different environmental elements
1 Content of the study and activities

The purposc ‘of the watershed managemcnt plan of thlS study i is to re- establlsh and safeguard'
deteriorated Watcrsheds through adapted land use in harmony with the natural environment of |
‘the watershed and as a whole. Land use will ensure the safeguardmg of the water and soﬂ by
the villagers. As such, the objective of the study is to formulate a participatory watcrshe_d _
management 'plan', based on local conditions and_an overall plan for the watershed and its
surroundmgs ' ' - o |
This will be concretized by 1mplement1ng the PS and the pr1n01pa1 components ‘obtained
during the first part of the PS study, as follows: o .

® Production of nursery trees: Nursery trees are produccd for tree planting, by small and

simple nurseries around the homes ' :

®

Tree planting: The objective is to produce flrewood charcoal, feed trees, and small
groves for grazing lands '

Cuttmgs Trees w1ll be cut to manufacture charcoal
Manufacture of charcoal: Afforested trccs are used
Agroforestry: Planting of quickset hedges in tanety piantlng areas

Transport of farm and forestry products I‘ransport to the markct of charcoal and forestry
products etc. : '

® e ®e

@ Clearmg of farmland: Clcarmg of f1elds and rice padd:es

Potential 1mpact on the envuonment caused by the 1mplementat10n of these plans w111 be
consxdered - :

e



2 Present environment

Paragraphs 2 and 3 of Chapter I provide details on the natural environment and the
socioeconomic environment of the target areas of the watershed management plan, with the
following particular characteristics.
Natural environment: |
Climate
The castern part of the central plateaus has a htghland MOonsoon chmate The watershed
area in the east has a rain forest climate. Annual average rainfall is 1500 mm, with an
annual average temperature of 17°C. ' |
Vegetation ' |
The natural forests are dlspersed near the watershed in the cast, and are grouped towards
the south-east. Many of these natural forests are covered with moss. There are many tree
: planting in the west. In oth_er parts, gra_sslands and shrub thickets extend _Wideiy. |
Rehef and topography ' ' .
Hills with an altltude of 1400 1700 m have complex foldmgs due to the effect of erosion,
The Mantasoa and Lake Tsmr,ornpamry are located in the eenter In prmmple, the nvers ..
flow from the south to the north, There is a medium- scale waterfall at the southern end of
- the Lake Tsiazompaniry, which creates a plcturesque site w;th the surroundmg natural -
_ forest. '
Hydrographlc network i .
The two lakes d1v1de mto varlous courses whlch flow into the Ikopa rtver crossing the
Antananarivo plam Rlvers from the northern end of the Lake Mantaeoa are used for
power generation, then flow into the eastern coast. Small watercourses ﬂowmg into the
- two lakes are used as important water sources for farrnmg actmtles The v1llagers use the
two 1akes for flshmg
Air :
“All roads in the study area are not paved and used by a very limited number of vehicles.
~As such, the effect of exhaust gas is m1n1m31 Durmg the dry season, dust clouds
_ produced by paSSmg vehxcles are cons;derabie but momentary -
B1010g10a1 environment . - _
The southem ‘end of the I_ake Tsmzompamry serves as a habrtat for aquatic blrds No
other precmus blologtcal entities requiring presawatron are found '

' Socioeconozmic environment;

Land ownershlp _ _
The westem part of the study area has Iong been pnvate propemes or used for prwate use
by the v1Ilagers Other lands are owned by the State, such as the Mlmstry of Water and
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Forests,
Land use _
~In the hamlets, lands are basically used as rice fields in the lower areas, as terrace fields,
tanety, tree planting and grazing. According to the density of hamlets, this model has
been largely deformed to be extensive. On the west side of the lakes, the villagers
express the need for tree planting, aud tree planting develops towards the south.
Migration or creation of farms by v111agers from west to east of the lake is progressmg
Economic activities .
Even if there are some leisure industries such as hotels ma]or activities are in the primary
sector: Agriculture, foresiry (principally charcoal production), f1sh1ng, etc. Cash revenue

is prmc1pally obtained from charcoal, potatoes and fishing products Some vxllagers are
wage earners. '

Local villagers - _ _ :
They belong to the Merina ethnic group, who prinolpally practices fanhing and grazing.
With natural forests i in the eastern shore of the lakes, there are few ethmc minorities who
traditlonally practice the slash and bum method.

Medlcal env1ronrnent ' ' '

~ Clinics are only found in the county town,

Educational environment

There are public and/or'private primary sc_:hool_s_ in the fokontanys.

Asa whole no zone 1n the watershed rranagement plan has spe01f1c envuonmental CORdlt]OﬂS

requmng speCJal attent1on, aside frorn the wild blrd sanctuary at the southern end of the I_ake
Tsiazompaniry.

3 Potential impact

We have studied the potentlal 1mpact of act1v1t1es under the watershed management plans, |
defined durmg this stucly for the env1ronment of the reglon at each stage of 1mplementat10n
and management, An envuonmental model (Table II- 2) was used to foresee these potent:al
cffects. In this model, the potentlal effects were d1v1ded 1nto 5 levels accordmg to thelr degree
of impact, as defined below h ‘

P: Pos1t1ve 1mpac:t is expected

A: Negatlve 1mpact is expected

B: Slightly negative 1mpact is expected

No md}canon. No particular impact
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Table I1I-1 Model to evaluate the environmental impact

Environmental factors

Activities

Nursery tree
production

Planting

Cﬁuing

Agroforestry

Charcoal
production

Transport
of
products

Development
of farmlands

1. Social activities
* Daily life of villagers
Forced migration
Unauthorized migration
Changes in way of life
Conflicts between villagers
Natives, minority ethnic groups
* Population problem '
Population increase
~ Sudden change in the
- composition of the population -
* Economic aclivities of villagers
Change in bases for economic
© activities
Reconversion of economic
- activities, unemployment
Increased differences in revenue
* System, customs
Rcorgamzahon of the land use
rights
Madification of the social
structure, reorganization, elc.
Renovation of existing cusloms
and systems -

2, Health and sanitation
Increased quanmles of pesﬂcndes
used - :
Emcrgcnce of endemic dlseases
Propagation of contaglous
diseases
Accumulation of harmfu] product
residues
Increase of waste materials

C- excrements

3. Landscape, etc.
Loss of precious scenic sites
" Influence on buried resources

4. Precious biclogical species,
ecosystems
. Change in vegetatlon _
Effect on precious species,
-~ characteristic fauna and flora
Reduction of planl diversity _

. _-Imroducuon and prollfcration of
" harmful organisms .
- Loss of humid areas, peat '
marshes :
. Degradation of the natural forcst

5 Soil, land’
*Soil .
" Soil erosion .
Soil salinization =
Loss of fertility -
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Soil pollution B ' B B
* Lands

L and destruction

Emergence of devastated lands

Reduction of functions such as

protection against wind, sand,

fires, etc.

Land subsidence

~ g
ja~Mie ]

6. Hydrology, water quality

* Hydrology :
Change in surface watercourses _ P B B
Change in watercourses and p '
levels of underground waters
Drying and floods - P P
Raising of the river bed P '
Effect on fluvial transport

* Water quality and temperature _
Water pollution, drop in quality P P ' B
Eutrophication ' o ' :
Penetration of salt water

Change in water temperature _ P

* Air _ . - -
Alr polluuon : ' o ' o B A
Generation of CO, - P : B :
Change in the micro-climate P ' _
Noise emission. ' . oA

7. Durability of forest resources,
functions of the forest
Durability of material resources P : :
Broken durability of functions to : I 4 SP
safeguard the environment ;

;In this section, the expectcd potential effect on the prcscnt env:ronment of the watershed |
" management plan is considered at 3 levels durmg cach stage of unplementanon and
management stage of the plan. '
a. Type and source of the effect :
'b.  Degree of influence on deflned environmental clements
c. Existence of 1mprovcmcnt measures, follow- up perlod frequency, scope and adaptatlon
of 1mprovcmcnt measures. '

The implementation of the plaxi may create the folloﬂving effects on the environm_cnti _ '

_ Land use: _ _ o _

Planned use of the land by the v1llagers themsclves w111 resolve the dlsordcrcd use of the
land at present Consequentiy, tree plantmg in grassy areas or those uscd extenswely W111
allow the renewal of degradcd soil and 1mpr0vc land productmty A51de fmm the

' --'ratlonal land use as shown in the western area of the Lake Mantasoa the prOmotxon of

' agroforestry w111 reduce top 3011 outﬂow of farmlancls and will 1mpr0ve product1v1ty of
the land. ' .
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The potential impact on the land will consist of the building of nurseries, development of
tree planting land, the provision of furnaces for charcoal production, the clearing of farm
lands, etc. Possible effects are the accumulation of eroded soil in small water courses, air
pollution from dust, etc. However, these operations are short, temporary and have already
been carried out. Their frequency will certainly be greater than in the past, but this is not
considered as serrous problem. The extension of agrrcultural lands will increase soil run-
off during the rarny season. The overall promotron of tree planting and the introduction
of agroforestry methods should improve the present extensive use of the land. Proper
management is necessary, for example, through measures against surface soil run-off by

~ planting trees based on contour farming on Vast pasture areas to protect the soil.

Water quahty

No road development activities are scheduled Only very small nurseries will be
establlshed Work will be carried out durmg the dry season. The proper clearmg and
levelhng of land w1]1 11m1t soil run-off during the rainy season to a minimum, and will

likewise protect the qualrty of water. The use of chemical products for planting is

possible temporarily, Proper management can reduce infiltration to neighboring areas.

The'present roads are mainly unpaved. As such, dust pollution is expected during the
transport of farm products to the markets. The development of artificial forests through

- tree planting must generally 1rnprove air quallty by enhanced of dust clarification.

Charcoal productron will also lead to air pollutron but it can srmllarly be considered as
minor problem. .

- Noise:

No particular noise with a negative effect on the environment.

Biological elements:

In this area, vegetatlon is very poor and naturaj forests are rare. Grass lands and shrub

| thickets occupy most of the surface area The rational land use will be promoted under -

this plan Unproductzve plantmg areas and grasslands will be transformed into tree
planting or farmlands. Thrs will modrfy the natural vegetatlon In addltlon conversron to
arbors is favorable to safeguard the watersheds The effect of _tree planting to the lake

- area and aquatrc organisms mcludlng fish, is likewise recommended. However,

' reservatlons for wild birds and the waterfall area at the southern end of the Lake

Tsiazompaniry must be excluded from the development zones.

SOCIOCCOIIOITI]C envrronment

Even ifin prmcrple the way of ]1fe of the vrllagers wrll not be modrfled by the extensmn

of tree plantmg and farm lands The increase in 3011 productlvuy, etc., wrll be

consohdated Cash income may be mcreased The wrlhngness of the thlagers to
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participate in the plan or not may lead to differences in revenue, Migrations to other
regions should be reduced, thus increasing the populatlon in the arca. To establish this

plan, measures to increase the population in the future must be studied.

These w111 be the potenual effects of lmplementmg the plan. Act1v1t1es under this plan will
include the development of the watersheds through rational use of the land. Procedures for
more rational land use to safeguard the water and the soil and the use of blotoglcal resources_
| wﬂl be promoted in the area occupied by the v1llagers This will not basically change the way
of life of the v1llagers but will 1mprove the present land use system. Consequently, the plan
will not basically change the actual environment but w111 contrlbute to the 1mprovernent of the
natural environment through the use of biological resources. The conversmn of damaged so11
due to unproductlveness to more productlve use must contrlbute to the development of the
regl()n _ ' '

The potentlal 1mpact of 1mplementmg the plan on the envuonment may " be minimal.
Therefore, it was ]udged that there was no p051t1ve reason for conductmg an env1ronmenta1 '
impact evaluation study (EIA) separately from this study
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Chapter IV Watershed management plan
1  Principle of watershed management

The watershed management plan is established for the target zone. The Mantasoa and
Tsiazompaniry watersheds play an important role as a water source for both the villager's in
the area but also for the Antananarivo metropolitan zone. The conservation of watersheds will
be ensured by coordinating the following local elements: forest,' water, soil and the way of life
of the villagers, In other words; the durable management of the watersheds will become
possible by globally ensuring the prevention of outflow of soil, water conservation, and the
way of life of the villagers.  The basic principle is proper land use to safegnard the
environment. Land use in all the watersheds including forests, must be balanced.
Therefore, the approach to the watershed management plan for which this investigation is to
be used should be 1rnplemented from the two points of view: a watershed management from
the viewpoint of the whole watershed and from the viewpoint of the lives of v1llagers who
live in this region. What is particularly important is the adoption of an approach based on the
Viewpoint of proper land uses that will lead to restraint_ of increase in population and to
: imprevement of land productivity, both of which arégSubjects_ of watershed preservation, In
order to harmonize the interests of the whole and of the i_ndividnals,'a participatory'watershed
management plan was made based on the results of pilot study (hereinafter referred to as
"PS") according to cias:31f1cat10n of watershed management v1ewed from a standpoint of the -
" whole watershed. (For p110t studies, see Part 2,) _
" From the viewpoint that factors of watershed waste are an increase in populatlon and
inappropriate land use, the part1c1pat0ry watershed management plan should be executed on
- the basis that villagers' lives will be improved through solution of populatlon probiems by
takmg measures against them and i 1rnprov1ng land productmty by appropnate land use. On the
other hand the security of durablllty is 1mportant for the watershed management plan and it is

- mdlspensable that watershed preservatxon activities w111 be anchored and executed in v1llagers

dally lives. For thls purpose women 's patttclpatlon and the 1mpr0vement of womens status
are espeaaily requlred R _ ' : ' : o
' ‘Therefore this plan should be made to contnbute to the 1mprovernent of womens status by
'_stlmulating their partlc:patlon in watershed management act1v1t1es ralslng womens ab111ty to
"partlclpate in socxal act1v1t1es and promotmg the 1mprovement of poverty al]evxatlon and
empowerment o o . s :

“Ttis considered that only when thls is achleved the practlcally effectlve famlly plan and

contmuous watershed management can be realized. '
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2 Procedure for the formulation of plans

The points below are defined as the concrete illustration of the watershed managemenr plans.
Division for the watershed management

Measures for the conservation of watersheds

Overall plan for the watershed marragement

Pamcrpatory management plan for watersheds

© e 8 00

Forest management plan

The study of these points will be carried out in the following order. |

Division for the watershed
management . -

| ‘ . -1 . Orientation for the
; _ conservation of watersheds

 Formulation of overall
plan for the watersheds

— ~_| Resulis of the pilot study .

 Villagers
" Formulation of the .

participatory management ——————
plan for watersheds :

Formulation of the forest
management plan

3 Zoning for the watershed m.a_nagémé.nt

For the watershed managemcnt in Mantasoa and Tsrazompamry, thc conservatron of forcsts
appears to be the ‘most 1mportant elemcnt 111 order to secnre water sources and to prcvcnt _
outflow of SOll Even if there are drfferences in populahon densrty per zone many vrllagers :
“live in the watershcds of these two lakes The watershed managcmcnt must therefore be
carrred out based on the living Zones of thc v111agcrs Smcc populatron dcnsrty varies
accordmg to areas, a umform developmcnt of thc watcrshcds wﬂl not be recomrnended It is
materially 1mp0381ble for thc v111agcrs to carry out a partlcrpatory plan w1th1n an area where' |
.they are not resrdmg As such we think that 1t will be realistic and ratlonal to manaoe thc

waltersheds by dividing them into major parts as mdrcated below bascd on the populatlon i
density (see Frgurc IV-1). , -

o Area for the participatory management of watersheds
@ Forest conservation zone -
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The watershed management zone with participation is an area where it will be advisable for
the villagers to develop their watersheds through their production activities. In this case, the
villagers will play a principal role in development. Since the villagers will manage their
watersheds w1th1n the context of their production act1v1ty, they will be responsible for
ensuring the conservation of the watersheds or not. Consequently, the establishment of plans
through the part1c1pat10n of the vﬂ_lagers and correct guidelines and implementation are
essential. [n the forest conservation zones, its relation with the daily life of the villagers is
very limited. In the future however, maintenance can be assured for the forest to provide
water resources from the lakes. To maintain the forest, if it is possible to carry out overall
management with the villagers based on topographical conditions, the methods for appllcauon
will be studied. In the future, it will be essential to guarantee the water resources in the lakes
by safeguarding the forest. The Ministry of Water and Forests will play an essential role for
the overall management. | |

Table IV-1 indicates the surface covered in the two zones.

Table IV-1 Surface per rnanagement division

- e Unit: ha
Management division Participatory management Foresl conservation Total
: : - of watersheds - : : :
Manlasoa 6,652 (72) 2,641 (28) 9,293 (100)
Tsiazompaniry - 32,479 (93 2,525 (7) 35,004 (100)
Total 39,131 (88) 5,166 (12) 44,297 (100)

Note: Water surface excluded. () indicate percentage (%). * Participatory watershed management includes
- ZODAFARB target area of 2,330ha (1,158ha of Mantasoa and 1,172ha of Tsmzompamry) which is
eastern area of the lake managed by Ministry of Water and Forests.

'If we consider all the watersheds, the zone covered by the participatory watershed
managernent plan represents 88% of the forest conservation zone and 12% of the total.

4  Guideline for the conservation of watersheds

~ Based on the ¢valuation of t.he watefsheds in Chapter I, the orientation to be considered for
land use to preserve natural conditions is as follows. The fol!owing'elements must be
'con81dered to estabhsh and 1mplernent the watershed managernent plan and the forest

management plan

Watershed management zone with partlclpatlon

(1) Mantasoa zone

The watershed management area with partlelpatlon whlch represents ‘around 70% of the 1ake
) supply watershed area, is stable from a topographlcal vlcwpomt except for the southern part _
| _ (zone D) The percentage of forest is also hlgh However these forests are amflclal ones
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created at the same time. There arc only few examples of natural forests in the southern part.
Rivers supplying the lake are big and almost all originate from the southern area and flow to
the north into the lake. To manage the watersheds, © Outflow of soil must be prevented to
safeguard farm lands. @ The percentage of forests must be increased and farming on steep
slopes must be avoided since the sliding potential is high in the southern area. These arcas are
covered with Philippia in the north (zone A), the soil layers are thin and not adapted to
agriculture. They should therefore be left as is while waiting for the introduction of new types
of vegetation. o o ' '
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(2) Tsiazompaniry zone

The participatory watershed management which represents around 90% of the lake supply
watershed area, has a huge influence on the conservation of the dam. In particular, the '
watershed surface is huge in the southern part (zone D), with a huge volume flowing into the
lake. For this area, we must ensure rnanagenrent of land use by the uillagers and the
conservation of water and the soil. In concrete terms, @ The natural rare forests subsisting in
the banks of small watercourses must be preserved. @ Tree planting priority will be given to
banks with no natural forests. As in the Mantasoa zone, the landslide potential is high in the
southern part of the Tsrazompamry zone. The percentage of forests must be increased, with
tree- plantmg around the field. Plantrng on steep slopes must be avoided. With the
~ displacement of the tanety to other areas after planting for 3 to 5 years, measures must be

taken to prevent the extension of gully erosion in ravines due to drainage canals built around
the tanety. ' ' '

Forest conservation area
(1) Mantasoa zone _ . :
~ The forest conservatron zone only represents around 30% of the Mantasoa zone Thrs is the
western part of the lake {(zone B) wrth pine forests for secondary residences. This vegetatron |
is expected to help the conservatron of the landscape In the eastern shore (zone E) natural '
forests can still be found even if their surface area is very small (around 3%) They play an
important role in soil and water conservatlon in the watershed to prevent outflow of soil.
'Vegetatron in this zone includes Phllrppra shrubs whrch represent the blggest portion of the
natural vegetation in the eastern shore Mantasoa. This small shrub is present in a thin layer in
these areas (see Chapter 4, 1-3 Soil properties in the target area), not adapted to farrnin'g and
the industrial tree planting of eucalyptus Consequently, in these Philippia zones, tree planting

must be re- -established by relying on nature with sufficient trme for growth to prevent forest
fires. ' '

(2) Tsrazomparnry zone : :

Natural forests in the southern part of the eastern shore of the lake (southem part of zone B) _
are the only 1mp0rtar1t natural forests in the target zZone. The watercourse flow from these _'
forests into the lake is relatrvely stable even durrng the dry season Even if the drfference in
herght of the watershed and the watershed surface is hlgh w1th respect to other zones, there is
no soil degradatron whrch may lead to landslrdes We may therefore say that the southern part
of the eastern Bank provides an 1mportant hydrologrcal contribution to the lake. The southem
end of the natural forest area constrtutes a habitat for aquatrc brrds Radlcal restnctrve
measures must therefore be taken such as the prohrbrtron of cuttmg in the natural forests of
'these zones to ensure therr consewatron The vast grasslands in this zone should be 1ncluded
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in the participatory watershed management project as a target area for ZODAFARB to
promote massive tree planting,

5 Overall watershed management plan

The 'objective of the overall watershed_ development plan is established under the principal
objective of achieving "a sound land use for the environment of the entire watershed." The
importance of the relation between the villagers and the zone is variable in all watersheds
The management method varies depending on whether it is the vrllagers or the State who
plays an essential role 'for' the 'management of the 'wate'rsheds For a general watershed
management plan, the region is divided into two areas as stated in "3" above; the area sub]ect
to partlcrpatory watershed management plan and the forest preservatton area. A general
watershed management plan suitable for each area is to be macle The size of each land area is

as shown in Table IV-2.

Table IV—2 Overall plan of watershed rn_anagernent

: : : . Unit: ha
Zone Participatory watershed management area Forest conservation zone Total

Mantasoa | Tsiazompaniry Sub-total Mantasca | Tsiazompaniry Sub-total :
A 514 - 4,304 4,818 0 -0 0] 4,818
B 1,461 0 1,461 1,461
C 1,772 : 4,755 - 6,527 6,527
D 3,208 17,850 21,058 - 21,058
E 1,158 5,570 6,728 1,180 2,525 3,705 10,433
Total - 6,652 32,479 39,131 - 2,641 2,525 5,166 { 44,297
Note: Water surface excluded. * Participatory watershed management includes ZODAFARB target area of

2,330ha (1,158ha of Mantasoa and 1,172ha of Tsrazompamry) whlch is eastern area of the lake managed
by Mlmstry of Water and Forests. .

‘For the part1crpatory watershed management arca, a watershed management plan centered on
~ the v111agers will be established. Zone E of the ’I‘smzompamry zone includes the Ankazotelo
: v1llage which was recently desrgnated as a fokontany. As such, the plan was established by
' 1nclud1ng thls vxllage Villagers of this area have created their own living surrounding and
carry out various activities for the conservanon of the watersheds within the content of their
: productlon activities. Therefore in this area, pro;ects that will be able to be generalized based
" on the results of PSs is to be selected and plans that will be able to be carried out by v1llagers '
s made : :
- The forest conservatlon zone is d1fferent from the part1c1patory watershed management area,
“which 1ncludes zones B and E. A forest conservatron plan will be and shouid be establrshed.
for these areas by the Ministry of Water and Forests Zonc B is centered on secondary
E resxdences and will therefore be easy to conserve as a forest area. These zones include very

_ few natural forests T he art1ﬁ01al forests pr1nc1pally have eucalyptus and pine trees where
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birds and animals are rare. This zone will be covered by a landscape beautification program.
Zone E is already managed by the Ministry of Water and Forests. Homes and farms of the
villagers located elsewhere are very few, ex'cept in the Ankazotelo village. Since this situation
includes very few cases, the Ministry of Water and Forests will have to take responsibility for
these. _
The forest management capacity of the Mlmstry of Water and }'orests are limited. As such,

ZODAFARB measures are introduced into areas manageable by the v1llagers from the
topographlcal viewpoint. The villagers themselves must plan their own forest management
system (bas_lc approach). Forest management by the villagers seems to be_effectwe We
consider that forest management jointed with resident management is effective approach.
Then the participatory watershed managemeht plan includes grasslands as target of
ZODAFARB. Zone E of the Lake Mantasoa includes LAVAUDEN-V zones, with the
expected transfer of land rights. Since tree plantmg is obligatory on slopes of more than 8%
(angle of 3.5 %), the biggest part of this zone must be planted with trees. A global forest
management plan will be established by mtegratmg this zoae into the forest conservation zone.
The scheme of the general watershed management plan is shown in Flgure IV 2.
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