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CHAPTER ONE: INTRODUCTION

This report  presents  an ecclogical
analvsis o1 envirepmental problems in
the Ruhengeri Frerecture of Kuanda,
The Ruhengeri envirocament consists or a
particular combination of phv_ical,
biological and sociceceromic attribures
which gives the region its  unilque
character . Ecology is cthe study or
these components, with particutar at-
tention to the interactions among them,

Human beings, together with tLheir
social, technological and institutional
Ccreations, are key elements in the
functioning of almost any ecosvstem.
Humans use and transiorm the primarv
resource base of land, water, minerals,
plants and animals to an unmatched
degree in the course of their never-
ending effort to maintain and inprove
their personal and collecti = well-
being. when this process is carried
out in a manner which permits resource
renewal and provides continuing bene-
fits over the long-term, it is appro-
priately called sustainahle develop-
ment, When resources are overex-
ploited and abused, true development
cannot occur and ecological imbalances
result,

Today, throughout the tropics, efl-
forts to satisfv the subsistence needs
and development aspirations of rapidly
growing human populations have been
fueled by increasingly intensive ex-
ploitation of remnant natural rescur-
ces. In many instances, the immediate
benefits of this approach are positive.
All too often, however, the long-term
result has been an unfortunate combina-
tion of environmental degradation, dim-
inished returns on investment and an
actual increase in human suffering.

Ruhengeri

In many respects, conditions in the
Ruhengeri Prefecture of Rwanda are re-

presentative of this situation, though
there are three important differences,
First, the regional r_source base 1Is
considerably richer thap the tropical
average. Within 1ts nearls 1700 km2 of
rugged terrain, fuhenoerg contains a
biolozically unique montane forest ro-
serve, a  coaplex networl of wetlands,
lakes and rivers, and o mosaic of high-
ly productive aproecosvscems. In addi-
tion, the ~verall recional ecosvstenm
has demonstrated considerable resil-
1ence 1n the face of ctress, and con-
tinues to function and provide ecssen-
tial serviceo. Tinally, several initi-
atives have been taken in recent vears
to limit environmental leoradation.,

Or. the necative  side, howvever, its
rural populction Jdensity of more than
380 people per km2 places Ruhengeri
among the world's most densely popula-
ted areas. The efforts of this popula-
tion to satisty its basic needs have
already led to considerable deforesta-
tion, wetlands wmodificaticon and soil
degradation on marginal farmlands. As
population growth continues at a rapid
rate and regional development efforts
intensify, pressure to further exploit
remaining resources can only increase.
And  conflicts between environmental
conservation and development interests
are inevitable.

Historical Perspectives

It is important at this point to re-
member that the situation in Ruhengeri,
thouph disquieting, is not unique. A-
cross the world, people and their gov-
ernments are faced with similar con-
flicts. And evervwhere the dual task
is the same: to find the means to im-
prove the quality of life for present
populations throuch the developmeat
process. while also conserving a suffi-
cient share of the common resgurce her-
itage for fulure generaticns.

The human species has shown itself to
be remarkably adept in the techniques



of increasingly efficient resource ex-
ploitation and the development of pro-
gressively more producrive economies,
Parallel success in sustaining environ-
mental health und inteprity, however,
has proven to be a more elusive ypoal.
And bistory teaches us the high cost of
failure to balance these two essential
processes.

Several ancient civilizationc are
remembered for their comparatively high
level of development, but much less is
known about their ecological failures.
Whereas wars and other disasters are
commonly cited as  primary causes of
their fall, evidence now indicates that
rapid population increases followed by
overexploitaticn of wood, water and
soils were ulsu key factors in  the de-
cline of the. great river wvallev cul-
tures of Mesopotamia, India and China,
as well oz of the Mayan kingdom of Cen-
tral America.

In Europe, during the late Middle
Ages, a different set of problems arose
with regard to growing populations and
their changing environment. Negative
impacts of air pollution were first
noted in 13th century London, where
rapid urbanization and the uncontrolled
burning of wood and charcoal combired
to create a sometimes deadly hazard.
By the following century, unhealthy en-
vironmental conditions in newly created
towns facilitated propagation of the
Black Plague epidemic, which eventually
killed tens of millions &across the en-
tire continent,

In the 19th century, deforestation
reappeared as @ source of trouble in
and around the Alps, where excessive
clearing of steep slopes resulted in
massive erosion and downstream flood-
ing. Meanwhile, across the Atlantic,
the uncontrolled exploitation of mon-
tane forests in North America was caus-
ing comparable damage and even threat-
ening the water sources of major ea~nt-
ern cities. Fortunately, the authori-

ties and populations of these two areas
began preservation and reforestation
activities in time to rectify and sta-
bilize the rapidly deteriorating situ-
ation.

During the early part of this centu-
ry, both the United States and the Sov--
iet Union adopted policies which fa-
vored the opening of their vast semi-
arid prairies to mechanized agricul-
ture. This permitted a brief increase
in agricultural productivity, but the
removal of the natural vegetation cover
exposed already poor soils to rapid
degradation and wind-born erosion. The
"dustbowls" thus created caused consid-
erable social and economic disloca-
tions, and large areas in both coun-
tries remain nonproductive more than 50
years later,

We have learned much from past mis-
takes, but ecological balances remain
precarious across the worli. while the
more industrialized nations have tended
to stabilize their populations and lim-
it certain forms of environmental deg-
radation, hyperintensive uevelopment in
these countries has created new sets of
problems. Acid rain, toxic waste dis-
posal, nuclear radiation, and even the
possibility that our combined activi-
ties are changing the plobal climate
pose management difficulties of an
unprecedented nature and scale.

For the vast majority of developing
countries, however, the problem set re-
mains more traditional, though aggra-
vated by high population growth rates.
Deforestation, soil erosion, watershed
degradation, and diminished biological
diversity thus represent issues of pan-
tropical importance. Examples include
Nepal, where montane deforestation and
inappropriate agricultural practices
have resulted in catastrophic flooding
on the plains below; laiti, where popu-
lation pressures have led to Yhe clear-
ing and degradation of much of the land
resource base; and China, where all of



chese problems were considered quite
severe until a disciplined national
consarvation effort becan to reverse
the negative trends.

Perhaps nowhere is the situation more
critical todayv, however, than in sub-
saharan Africa. The repeated drougnts
¢t the 1970s and 80s devastated veo-.t
areas of the African continent and :he
resutltant human sutfering transfixed
the world's attention. Yet while cyc-
lical climatic change was an important
factor in this ecolcgical disaster,
human atuse of the natural resource
base was in many ways more important.

As population pressures have grown
over the past century, African farmers
and herders have been forced to move
onto increasingly marginal lands, where
they have generally cleared existing
forests. The removal of this natural
vegetation cover and application of
inappropriate agricultural practices
has frequentlv resulted 1in rapid soil
degradation and cnronic hvdrologic im-
balances. Uell hefore the recent eco-
logical disaster in Lthiopia, field
reports described conditions there as
extremely serious, with the majerity of
mountains, hills and ravines denuded
and susceptible to further rapid deter-
ioraticn. When climati. conditions
changed, the disaster occurred. Rut it
was man who prepared the terrain throu-
gh his acticns; and it was man vho suf-
fered the consequences.

While the subsistance and survival
activities of millions of individuals
can be seen to have a destubilizing
impact, national governments and the
international donor community have also
contributed to ccological imbalances.
In their collaboration to promote deve-
lopment through the introduction of new
technologies and more intensive means
of resource exploitation, they have
achieved some notable successes. Their
efforts have also resulted in numerous
failures, however, due to insufficient

attention to both socioceconomic and
ecologic aspects of development., The
promotion of intensive peanut cultiva-
tion in Searcal  withiout accompanving
soil conservation measures: the dril-
ling of wells arrnss the Sahel without
adequate  luowledos  of he ezology of
local grazing svstems; unsound wetlands
drainage projects; and currently wide-
spread efforts to convert remnant na-
tural forest systems to "more produc-
tive'' uses without <cufficient pricr
research on forest dvnamics or alterna-
tive values are all examples of the
latter.

Is the situarion 1in Ruhengeri conm-
parable to that in Ethiopia or in other
environmental crisis areas across the
tropics? In gpeneral, ro. Its farming
population appears to take gnod care of
the land, the resource base remains
productive, serious conservation ef-
forts have begun, and regicnal develop-
ment activities have thus far been 1i-
mited in both their scale and impact.
Still, the extremely high population
densities found in Ruhenueri have al-
ready exerted considerable pressure on
the region's soil, water and wood re-

sources -- pressure which can enly
increase with <continued population
growth,

The purposes of this brief historical
reviewv are multiple: to place current
conditions ir Ruhengeri 1in a larger
context; to suggest tha: environmental
preblems cannot be considered as merely
academic iscues, but rather fundamental
concerns of & very practical nature; to
demonstrate tiat while development is
essential to human wellbeing, there are
nevertheless certain limits to resource
exploitation; and, finally, to point
out that people evervvhere are confron-
ted by comparable problems. QTb reduce
these problems, in Ruhenperi as else-
where, more ecologically sound approa-
ches to development must be followed.



Toward Eco-Development

Conservation and development have
historically been viewea as conflicting
processes. This 1is largely due to the
fact that the two have often focused on
the same resource base with radically
different objectives in mind. Propo-
nents of development have certainly
tended to see resources only in terms
of their potential for exploitation,
without much concern for negative im-
pacts nor the sustainability of their
actions. Conservationists, on the
other hand, have too often opposed any
form of development activity, especial-
ly where natural areas and their compo-
nent resources are concerned. The re-
sult has been a general perception of
mutual exclusiveness between the two.

Several facters have combined in re-
cent years, however, to modify this
situation. First, the individuals and
institutions concerued with both devel-
opment and conservation have learned
some important lessons from their re-
spective experiences in- the field.
While the former have seen numerous
projects fail due to insufficient at-
tention to ecological aspects of devel-
opment, the latter have also become
increasingly aware that conservation
must be seen in a context which consi-
ders human, as well as wildlife, inter-
ests.

As a direct result of these exper-
iences, parallel changes emerged in the
theories and models which guided both
fields. Then, in 1981, a unified theo-
ry of "eco-development" appeared in the
form of the World Conservation Strate-
gy. This document, prepared by repre-
sentatives of national and internation-
al development and conservation agen-
cies, laid the philosophical groundwork
to recognize the two efforts as com-
plementary and 1interrelated processes
which share a common goal: the long-
term well-being of man.

This model includes two important
changes. From the development side
came the recognition that while resour-
ces are there to be used, it is never-
theless difficult to maximize their
exploitation without encountering ser-
ious ecological constraints., This is
especially true with regard to renew-
able resources such as plants, animals,
soil and water, which can reproduce or
replenish themselves if not subjected
to overexploitation. Management stra-
tegies are therefore 1i1equirad which
optimize rescurce wuse in ways which
generate sustainable benefits over the
lpng term.

The second important element in this
theory is the recognition that people
must be able to satisfy their basic
needs and reach a certain level of de-
velopment before they can give suffi-
cient attention to long-term conserva-
tion interests. It 1is difficult to
expect families that do not have enough
land or wood to conserve these resour-
ces for the future: as the cronomist
Keynes once remarked, "man does not eat
in the long run, he must eat today".
In addition, it is clear that improve-
ment in people's economic status redu-
ces their dependence on traditional
local resources (for example, the
spread of metal roofing in the Ruhen-
geri Prefecture has reduced demand for
the bamboo and grasses used in the
past). Finally, development includes
an educaticnal component which 1is also
of critical importance for conserva-
tion. To be supportive, people must
first come to understand and appreciate
that which they are expected to con-
serve.

The changes described above form the
basis of an appealinyg theory of conser-
vation and cGevelopment as parallel and
complementary processes. The test of
any theory, however, comes™ with its
application to real-life conditions.



The RRAM Project

The first practical applications of
the new theory appeared in the form of
changes in the legislation and guide-
lines which control the activities of
development agencies. By the mid-
1980s, most of the najor bilateral and
multilateral donors were required to
ctarry out environmental impact acsess-
ments prior to the initiation of any
development project. In addition, sev-
eral agencies took the offensive in

implementing policies and  projects
which aimed to reverse environmental
degradation and restore ecological bal-
ance. For manv developing countries,
where ecologically  unsound practices
had alreadvy had a negative impact, the

change wvas a wolcome one.

In 1980, the United Stuates Agency for
International Development (USAID) took
the initiative to establish the Envir-
onmental Training and flanagement  in
Africa (ETMA) program. Over the fol-
lowing wvears, dozens of subprojects
were carried out across the African
continent tu promote improved training
of personnel .ud strengthering of in-
stitutional cap.citics to conduct re-
source inventories and implement effec-
tive environmental management poli-
cies,.

The Ruhengeri Resource Analysis and
Management (RRAM) Project was conceived
in 1983 as an attempt to combine and
integrate the lessons of the ETA pro-
gram in a single aeographical region.
Ruhengeri was selected as the pilot
site for this effort due to its combin-
ation of ecological diversity and prob-
lems related to high population densi-
ties and intensive land use, all within
a limited administrative unit.

In June 19385, an acreement was signed
between the government of Rwanda and
USAID which approved implementation of
the RRAM Project. Management responsi-
bility for project execution was as—

signed to the South-East Consortium for
International Development (SECID) as
part of its overall ETMA program.

The primary objective of the RRA
Project is to assist the government of
Rvanda to minimize environmental prob-
lems associated with intensified popu-
lation growth and development in the
Ruhengeri Prefecture. In its initial
phase of 18 months, the project was to
move towards this goal through two
principal activities:

l. The development and assessment of
an integrated data base concerning the
natural resources and environmental
problems of the prefecture; and

2. The provision of technical assis-
tance to improve individual and insti-
tuticnal capacities within the govern-
ment to deal with ressurce management
issues.

In addition, the execution of the
RRAM Project's first phase has been
guided by the following series of con-
cepts:

1. Conservation and development ac-
tivities need not be in conflict and
should, in fact, be mutually beneficial

2. Complex problems cannot be treated
in isolation, but require an interdis-
ciplinary, comprenensive appronach.

3. A relatively complete and accurate
base of information is required before
effective management plans can be deve-
loped.

4. Analysis of the information base
must be both quantitative and qualita-
tive in nature: we need to know not
just how murh of something we have, but
also its utility or effectivengss.



5. Solutions to problems shouid be
flexible and specific to particular
sites and circumstances, in accordance
with the complexity of local condi-
tions.

6. Given that environmental problems
are frequently interdependent and re-
quire interdisciplinary analysis, it
follows that approaches to their reso-
lution must also require improved com-
munication and collaboration between
the ministries, agencies and indivi-
duals concerned,

Conclusion

This report is the primary product of
the inventory and assessment component
of the RRAM Project's initial phase.
The following chapters present an over-
view of the Rubengeri environment, an
analysis of issues in the different
resource secctors, an identification of
both existing and potential problems,
and options for managing these problems
through either direct interventions or
further research to fill critical gaps
in the existing information base.

Beyond its value as a product, it is
also hoped that this report will con-
tribute to the process of increasing
awvarenesc of, and attention to, ecolo-
gical aspects of development, With
this in mind, information has been se-
lected and produced -~ in the form of
text, tables, graphics and maps —— in a
manner to help concerned authorities,
advisors and technicians better under-
stand the complex issues which they
confront, and thereby assist in the
formulation of effective resource man-
agement policies.



CHAPTER TWO: THE BIO-PHYSICAL
ENVIRONMENT

Introduction

Ruhengeri Prefecture is situated in
the northwestern highlands of Rwanda.
It is one of 10 administrative units in
the countrv and is subdivided into 16
communes and 177 sectors. The town of
Ruhengeri is the political and economic
center of the region (Figures 2.1 and
2.2).

Ruhengeri covers an area of roughly
1685 km2 (see note below), or 6.67 of
the total national territory. The
region 1is characterized by extremelv
rugged relief, with an overall altitud-
inal range from 1400 meters in the
south to more than 4500 m in the north-
ern mountains (Figure 2.3). The inter-
position of hills and valleys creates a
mosaic of ecological microniches, most
of which are now occupied and exploited
for agricultural purposes. Despite the
difficulties posed by steep slopes and
high elevation, the combination of
relatively productive soils and ade-
quate rainfall has [avored the settle-
ment of this area at an average density
of more than 380 persons per km2.

The principal areas not in agricul-
ture include the Virunga chain of
volcanoes, with its rainforest ecosys-—
tem protected as parkland along the

Note: Several estimates exist for the
actual size of the prefecture. Offi-
cial statistics continue to refer to an
area of 1762 km2, although planimetric
studies made in 1973 by NINAGRI showed
an area of 1687 km2. Planimetry done
by the RRAM project supports the latter
figure. In addition, major errors were
detected in the official sizes  of
several communes. For purposes of
internal consistency, RRAM totals for
the prefecture (1685 km2) and communes
are used in this report.

northern border with Zaire and Uzanda,
and a complex network of lakes and
wetlands to the east. Runoff from both
systems fluws into the fukunawa river
basin, wvhich drains nearly Q07 of the
prefecture.

Numerous environmental problems stem
from the fragile ecolenical  balance
which exists between the human popula-
tion of Ruhengeri and the recource base
on  which their existence depends. To
deal with these  problems, however,
first requires a better understanding

of the environment under consideration.
Physical Characteristics

Climate. The Ruhengeri region has a
generally cool, humid climate. Temper-
atures range f{rom an average of 18° C
in the lower MNukungwa valley (1500 m)
to only 12° at the base of the Virunga
volcanoes (2500 m). Frost and freezing
temperatures occur at night in the park
above 3000 m, and transient snow cover
can be seen periodically on the summit
of lit. Karisimbi (4705 m). VWhile it is
generally true that temperatures de-
crease with increasinp altitude across
the region, it is nevertheless impor-
tant to note that siznificant varia-
tions alsc occur in relation to topo-
graphic ieatures.

Average rainfall increases from a low
of rcughly 1103 mm/year in the north-
eastern corner of the o»rafecture to
nearly 2000 mm/yr in the acrthvestern
mountains (Figure 2.4). !l stv agricul-
tural lands receive 1200 -~ 1600 mm/vyr,
although considerable variability again
appears as a function of local relief,

Rainfall is distributed bimodally,
with the primarv wet season occuring
from March through tay and a secondary
season from September thouch December
(Figure 2.5). The principal d¥y season
lasts from two to four months between
mid-May and mid-September, whereas the
"short dry season" of Januarv-February
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Table 2.1
Annual Precipitation

{(in mm)
Stations
Year Ruhengeri Rwankeri Ruhunde Nemba Kinoni Farisoke
1985 1,174 1,270 1,169 1,385 1,234 --
1984 1,072 1,005 1,021* 1,416 1,034 1,673
1983 1,244 - 1,200* 1,570 -= 2,000
1982 1,448%* 1,194* 1,397 1,697 - 2,038
1981 1,201 1,251 1,277 1,569 1,075 2,220
1980 1,665 1,039 1,258 1,384 1,169 1,722
1979 1,619 1,373 1,287 1,643 1,152 2,096
1978 1,e01 1,290 1,262 1,534 1,165 --
1977 1,579 -= 1,401 1,724 1,183 --
1976 1,568 - 1,054 1,372 987 -
1975 1,895 1,388 -— 1,545 1,201 ~-=
1974 1,679 ~= 1,297 1,850 -- --
1873 ° 1,495 1,104 1,424 1,734 1,110 -
1972 1,558 -- 1,450 1,501 1,371 -
1971 1,764 1,537 1,30 1,350 1,226 --
1970 1,282 -- 1,255 - 1,128 --
1969 1,693 1,026 1,405 —— 1,235 -
1968 1,453 -- 1,734 - 1,144 -
1967 1,278 1,102 1,832 — 1,144 -
1966 1,345 1,329 1,468 - 1,148 -
1365 1,309 1,293 1,445 - 1,176 -
1964 1,399 1,342 1,398 - -- -
1963 1,801 1,449 1,432 - -- -
1962 1,440 1,172 1,104 - - -
1961 1,406 - 960 - - -
1960 1,120 -- 797 - - -
1959 1,218 1,232 1,214 - - -
1958 1,261 1,022 1,471 - - -
1957 1,254 1,020 1,451 -= - -
1956 1,320 1,409 1,191 - - -
1955 1,409 1,210 1,344 - - -
1954 1,304 1,181 1,079 - - -
1953 1,481 1,353 - - - -
1952 1,015 1,353 - - - -
1951 1,579 - - - - -
1950 1,081 1,169 - - - -
1949 1,110 1,135 - - - -
1548 1,009 1,040 - - - -
1947 1,615 1,314 -- -- - -
1946 1,003 1,224 - - - “~e
1945 1,141 1,257 - - - -
1944 1,077 1,083 - - - -
1943 1,161 1,155 - -- - -
1942 1,366 1,382 -~ - - --
1941 1,292 1,590 - -- - -
(continued)
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Table 2.1
Annual Precipitation (cont.)

(in mm)
Stations
Year Ruhengeri Rwankeri Ruhunde Nemba Kinoni Karisoke
1940 1,200* 1,240 - - - -
1939 1,081 1,218 - - - -
1938 1,207 1,232 - - - -
1937 1,393 1,519 - - — _—
1936 1,234 - - - - -
1935 1,127 - - -_— - -—
1934 1,532 - - - - —_—
1933 1,136 -~ - - - -
1932 1,279 - - -— - -—
1931 1,126 - - - - -
1930 1,428 -— - -— - -—
1929 1,222 - - — . _—
1928 1,259 - - - - -
Total 77,628 48,502 40, 380 23,274 20,882 11,749
Count 58 39 31 15 18 6

Average 1,338.41 1,243.64 1,302,558 1,551.60 1,160.11 1,959.17

Source: Roark and Dickson 1986,
* Extrapolated or interpolated data.
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is more appropriately considered a time
of reduced rainfall.

Weather systems generally move from
€ast to west across the prefecture,
although ridges and valleys have ob-

vious effects on circulation. In the
Virungas, transpiration from the natur—
al veretation combines with orographic
factors ro maintain that area's parti-
cularly humid microclimate.

Prolonged drought has not posed a
serious threat in Ruhengeri during
recent times. tvidence from numerous
studies, however, indicates that the
regioral climate has undergone repeated
radical change over the past 30,000
years., According to these stuvdies,
most of trepical Africa experienced
significantly colder and drier condi-
tions during the period 21,000 - 12,000
years ago, fnllowed by a piolonged
period of increased rainfall and higher
temperatures., Precipitation began to
decline again after 4000 B.P., but not
to previous levels.

Current trends are more difficult to
discern, although there is considerable
speculation that conditions in Africa
continue to get drier. Yet while it is
certain that parts of the continent
have recently experienced serious and
prolonged droughts, records from the
past 58 years in Ruhengeri are ambiva-
lent with regard to this theory (Table
2.1). The period from 1928 to 1960 was
characterized by generally lower than
average rainfall, while more humid
conditions predominated during the
1960s and '70s. The first half of the
present decade has again been drier,
with a particularly bad year for farm-
ing in 1984, coincident with the gener -
alized African drought of that year.
Current data 1indicate that 1986, how-
ever, will be wetter than average.

Geology. The entire basement forma-
tion of the region consists of Precam-
brian rocks from which harder litholo-

gies have obtruded and softer ones
eroded. In addition, this underlying
structure has been significantly alter-
ed over the millenia by faulting,
vulcanisn, tectonic movements and
alluvial depesition.

The vast majority of the prefecture
is underlain by the Burundian series of
schist, mwicaschist and quartz forma-
tions (Figure 2.6). The quartz veins
tend to be harder than the others and
are evident in the major north-south
ridges of the eastern half of the
region. Schists and associated roci
structures are move commonly found on
side~-slopes and valley bottoms, where
they are covered by alluvial deposits.
Rock formations of the Burundian series
around lakes Bulera and Ruhondo provide
the principal sites of mining interest
in the prefecture.

The late Tertiary and Quaternary
eruptions of the Virunga volcanoes
spread successive layers of lava over

the Precambrian bedrock of northwestern
Ruhengeri. One-third of the prefecture
is covered by this relatively uniform
rock of recent volcanic origin. Con-
tinual weathering of the soft parent
material has produced extremely fertile
soils across most of this zone, al-
though its high porositv has also
precluded the presence of significant
surface water resources.

The southwestern corner of the pre-
fecture is comprised of Ruzizian series
metamorphic rock. Ihis ancient forma-
tion was uplifted during the Tertiary
period to form the horst of the western
Rift Valley, along which it extends for
the full length of Rwanda, forming the
divide between the Zaire and Nile
watersheds. The northern terminus of
this mountain range occupies only a
small portion (9.5%) of the Ruhengeri

region, and consists pr¥marily of
schists and quartzites mixed with
significant outcroppings of granitic
rock.

o\



Ruhengeri's tortured topography is a
function of multiple factors. Initial
lithologic contrasts were compounded by
the violent actions of tectonic move-
ment and vuilcanism, Yrosinn and the
subsequent tformation of u dense hydro-
Ingic network scrved to  furcher modify
the landscape into 1its present form.
These same factors have also largely
determined the nature of the regional
soil resource base (with bioctic tactors
of vegetative cover and human activity
te be considered in later sections).

Soils. The major soil types of
Ruhengeri generally derive from their
underlying parent rock material, with
boundaries vhich follow the pattern of
geologic zonation described above. The
four principal source materials are
thus lava, schists, granite and quartz,
The alluvial und colluvial soils, which
are also widespread across the prefec-
ture, represent the compound products
of erosion from these primary sources
and/or accumulated organic matter.

Soils of wvolcanic origin (andepts)
cover roughly 55,000 ha, or 33% of the
region. They are concentrated on the
extensive lava flows of northwestern
Ruhengeri. Soil profiles are not weli
developed due to the relatively younrg
age of the wunderlying rock structure.
Accelerated decomposition of the lava
has combined with humus formation under
forest cover, however, to create a
relatively deep A thorizon in many
areas. [utrophic soils of volcanic ash
are mixed with more shallow lithosols
on the most recent lava flows.

High concentrations of organic matter
and high pH make the andepts of Ruhen-
geri very fertile. Characteristics of
these soils include high natural mois-
ture, low bulk density, high cation
exchange capacity and high phosphorus
sorption. On the negative side, there
are risks of magnesium deficiencies,
low acidity retention, and excessive
phosphorus-fixation capacity. Erosion

is not a serious problem in most of the
lava zone, however, due to its general-
ly moderate slopes and the excellent
physical properties of the volcanic
soil itself.

Soils of schist origin occup" approx-
imately 51,000 ha (297) of Ruhengeri.
They occur primarily in the eastern
half of the prefecture, although they
are also found in the southwestern
sector in cembination with quartzitic
elements. Oxisols are the dominant
soil order across this broad region,
interspersed with more shallow lithic
entisols on quartzite ridges.

Oxisols tend to be well-drained and
acidic, with excellent physical charac-
teristics. Av  the same time, their
chemical properties are poor. They are
thus considered to be good for cultiva-
tion, provided that nutrient and organ-
ic matter levels are maintained. They
are also highly susceptible to erosion
of the A horizuu, however, which re-
sults in signifizant reduction of both
water retention and fertility.

Quartz-derived soils cover nearly
25,000 ha, or 14% of the prefecture.
They are concentrated along the north-
south ridges of eastern Ruhengeri,
where they are classified as lithic
entisols, These soils are generally
characterized by their poor texture,
shallow profile, limited agriculcural
potential and high erosion risk. On
surrounding slopes, quartzites mix with
schists to form oxisols with properties
similar to those described above.

Granitic soils are limited to about
8,000 ha 1in isolated pockets of south-
western Ruhengeri. Enriched by volcan-
ic ash deposits and humus development
under recent forest cover, these oxi-
sols tend to have good agricultural
potential when first put inte cultiva-
tion. The combination of relatively
shallow profiles, low saturation levels
due to high clay content, and steep



slopes, however, creates high erosion
risks and resultant declines in produc-
tivity across this region.

colluvial soils cover
the thousands of hectares of marshes
and bottomlands spread throuvphiout the
non-volcanic parts of the prefecture.
Most of these young mineral soils,
formed by the actions of hillside
erosion and subsequent deposition in
valley bottoms, are classed as fluvents

Alluvial and

within the order of entisols. They are
generally characterized by their high
fertility and excellent agricultural

potential, provided that proper manage-
ment techniques are cpplied.

Histoscls represent a much smaller
class of alluvial soils in the prefec-
ture. They are "ound primarily ‘in the
extensive peat formations of the Rugezi
marsh, with  smaller bogs dispersed
across the landscape. These organic
soils are difficult to manage in their
natural state  because of nutrient
deficiencies and waterlogging. They
are also highly susceptible to piudlems
of subsidence and excessive drying
following inappropriate drainage and
exploitation practices.

In summary, the soils of Ruhengeri
derive from a variety of sources and
have generally good agricultural poten—
tial, Serious problems of erosion
control and fertility maintenance,
however, are widespread and require
careful attention. A detailed treat-
ment of these 1issues is presented in

Chapter 4.

Water. Kuhengeri as a whole is rich
in water resources. Abundant rainfall
feeds a diverse and well-developed

hydrologic system of rivers, lakes and
wetlands in most areas of the prefec-
ture. There are nevertheless problems
with regard to the management of these
water resources; and improved under-~
standing of this system is essential to
stable regional development.
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The vast majority of the prefecture
lies within the Mukungwa watershed
(Figure 2.7). Another 122 is comprised
by the Base-Nyabarongo system in the
south, while a miniscule portion drains
nertheast into Byumba. The Mukungwa is
not only the largest, but also the most
complex of these watersheds. 1In fact,
it is best understood as four sub-units
of the same system.

To the northeast of the prefecture
lies the Rugezi marsh at an elevation
above 2100 m. This wetlands complex
fills an eliptical basin nearly 30 km
long, surrounded by quartzite ridges.
The marsh itsesf covers 0294 ha and
drains an area nearly triple its sice,
including a small portion of the pre-
fecture of Byumba.

entire  Kamiranzovu
north and most of its

areas have been cul-
tivated, more rhan half of the Rugezi
remains in a natural state. This
central portion of the marsh contains a
major water reserve, covered by a
permanently-saturated peat formation
and associated vegetation. In terms of
its hydro-ecological role, the Rugezi
is best considered to be a large lake
with a giant sponge floating in it:
both serve to hold considerable amounts
of water and to regulate its release
throughout the year to downstream
systems.

Although the
branch in the
extensive border

only one
From there,
of 1.3

The Rugezi  complex has
natural outlet, at Rusomo.
water flows at an average rate

cubic meters/second down a series of
falls and cascades to lakes Bulera and
Ruhcndo.  This lakes basin represents

the second major sub-unit of the Mukun-
gwa watershed.

Lakes Bulera and Ruhondo were formed

as o result of the Virunga yplifting
and  subsequent lava flows. These
actions served to block the formerly

northern flow of most river systems in

~
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Ruhengeri, forcing them to scek outlets
to the south. In the case of Bulera,
entire valley systems were flooded to a

depth  of 173 m, creating Rwanda's
largest internal 1lake with a surface
area of 5,184 ha. A fracture in the
Quertz  ridge which forms its western

edge provides an outlet to Lake Ruhondo
(2,598 ha), 100 meters below. Ruhondo,
in turn, gives rise to the Mukungwa
River wvia a similar breach along its
southwestern rim.

lakes cover 4.67% of the
prefecture and drain an area of nearly
500 km2, In addition to rainfall and
in-flow from the Rugezi marsh, they are
fed by subterranean infiltration from
the Lava zone and runoff from surround-
ing hills. This surface tributary
network is not very dense and consists
primarily of seasonal watercourses.
Several permanent rivers do exist,
however, which replenish broad bottom-
lands with their sediment loads before
emptying into the lakes.

The combined

Approximately one-fourth of the total
water velume flowing through the lower
Mukungwa River comes from the lakes
basin system. The regular release of
this water not only serves to regulate
downstream flow, but also drives tur-
bines at the outlet of each lake which
generate the major share of Rwanda's
entire electrical energy production.

The two remaining sub-units of the
Mukungwa watershed 1lie to the west of
the lakes basin and feed directly into
the Mukungwa river. In the northwest,
the rain-drenched Virunga forest serves

as the water tower of the region. More
than 220 million cubic meters of rain
fall annually on the 125 km2 of park-

land, with much of this amount being
held by the so0il and vegetation for
slow release throughout the year.

Unfortunately, the water tower analo-
gy falls apart when one considcrs that
there are almost no permanent water
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sources on the lava plain outside the
park. This anomaly is due to the fact
that the volcanic soil and underlying
rock structures are highly permeable,
permitting rapid infiltration. What
water does flow through the region's
many stream bheds tends to come in the
form of brief but destructive torrents
following periods of heavy rainfall.

While the lack of surface water and
torrential runoff patterns pose serious
problems for the local population (see

Chapter 6), the water from the lava
zone is not lest to the rest of the
prefecture. Rather, it {lows under-

ground to reappear as base flow 1in the
Munkungwa River itself, »nr else rises
to the surface in the form of multiple
springs along the contact line between
the lava zone and the harder bedrock
strata to the south. In the south-
western corner of the prefecture,
several small lakes (Karago, Bihinga,
Nyirakigugu and Cyunyu) have formed in
depressions along this contact zone.

The fourth and final sub-unit of the
Mukungwa watershed is characterized by
a dense network of permanent streams
and rivers which drain the steep hills

of southwestern Ruhengeri and parts of
neighboring Gisenyi. To the west,
sources high along the Zaire-Nile
Divide give rise to numerous streams
which cascade nearly 1000 meters down
abrupt slopes to the 1lower Hukungwa
valley. The drop is 1less severe (400

m) from eastern quartzite ridges, down
a series of step-like valleys, then
passing  through extensive alluvial
plains before joining the Mukungwa. 1In
addition to its streams, this region is

also rich in perennial springs.

The Mukungwa system terminates at its
confluence with the Nyabarongo River at
Ngaru. From there the Nyabarongo flows
east until it is joined by th® Base, at
which poinc it turns south. The com-
bined Base--Nyabarongo system not only
forms the prefecture's southern border,



but also drains its second major water-
shed.

The DBease-iivabarongo basin covers an
area of roughly 200 km2 within the
prefecture, with an even laryer irain-
age area outside of its borders. Its
line of separation from the tlukungwa
system follows a series ol quartzit
ridges rrom the scvutheastern end of the
Rugezi marsh, through Mt. Kabuye and
Ngaru to the west.

The tributary network of the Base-
Nvabarongo is characterized by a higher
density of streams in the east, versus
steeper slopes in the west. Although
there are no lakes in this region, most
of the watercourses flow vear-around
and springs are relatively abundant.
In addition,  the broad wetlands of the
central DBase provide excellent condi-
tions for raised bed agriculture.

In sum, Ruhengeri is particularly
well-endoved with surface water resour-
ces in the torm of its lakes and marsh-
es. Most areas of the prefecture also
contain a relatively dense network of
perennial streams and springs. Prob-
lems remain, however, with regard to
water supply in the lava zone, water
quality 1in several areas, and wvater
control (flooding, irrigation) across
the region's extensive wetlands. These
issues are discussed in more detail in
Chapter 6.

Biological Resources

Historical. Just as
landscape of Ruhengeri has undergone
considerable change over time, so too
has its biological environment. The
major difterence has been that plant
and animal communities have changed
more frequently and rapidly in the past
-- and that humans have played a much
more important role in their recent
modification and transformation. Long
before there was any significant human
presence in Ruhengeri, however, there

the physical
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was a fully functioning
natural ecosystem. And
indicates that this

predominantly forested.

and dynamic
all evidence
environment was

Under current climatic conditions,
Ruhengeri's altitudinal  range  of 1500
to 4500 neters corresponds  almost
perfectly to the established limirts of
the afromontane vesetation zone. Under
this zonation scheme, true montane
forest in Africa bepins at around 1600
m and continues up tvo 2000 m, This
dense forest then g.ves wav to an
altitudinal succession of bamboo thick-
ets, more open woodland and, finally, a

limited mix of afroalpine associations
at the highest clevarions,

In pre-historic times, Ruhengeri's
natural vegetation cover changed dras-
tically in relaticn to the longer-term

climatic cycles described above.
During periods of «colder and drier
conditions, forest limits contracted at

both altitudinal extremes, to be re-

placed bv more open vegetational com-
munities. VWhen warmer and moire humid
conditions prevailed, the forest ex-
panded to <cover the ec¢ntire region,

except where edaphic conditions favored
the establishment of marsh vegetation.

Natural areas. Today, less than 103
of the prefecture remains in primarily
natural conditicen. The biologically
diverse lower montane f{orest zone,
between 10600 and 2600 m has been sys-—
tematically eliminated by human settle-~
ment and clearing, leaving Dbehind only
its contribution of organic matter to
enrich the soil capital of the region.
Wetlands, toc, have undergone extensive
conversion and drainage for agricultur-
al purposes. As these areas have been
transiormed, most of the plant and
animal species which they harbored have
also disappeared.

*

The principal remaining natural area
in Ruhengeri 1is the Volcances HNational
Park, which occupies 7.4% of the pre-



fecture. Its 12,500 na within the
Virunga rance contain the upper stages
of the afromontane vesetation sequence
described above: bamboo, open voodland,
sub-alpine and alpine associations.
These plant communities in turn provide
habitat to 4 surprising  variety of
animal species, In addition to more
than 100 species of birds, the park
contains elephant, buffalo, bushbuck,
duiker, giant forest hog, = leopard and
four types of primate. Among the
latter are the rare golden monkey and
the highly endangered mountain gorilla,

A second major natural area 1s com-
prised of the non-cultivated core of
the Rugezi marsh. There, remnant
vegetation communities, dominated by

Miscanthidium, Papyrus .
species, cover roughly 3000 ha, or less
than 27 of the entire prefecture.
Despite occasional impacts of burning,
grazing and harvesting, these grassland
associations continue to function as
wetlands habitat for resident popula-
tions of mammals and birds.

No other large areas in Ruhengeri
remain in essentially natural condi-
tion. Small patches of undeveloped
marsh vegetation and riverine forest

still exist in certain valleys, and a
number of native tree species still dot
the countryside. These are generally
in regression, though, as man continues
to modify the regional landscape.

Ecological Zones

The concept of ecological zones has
proven to be a useful tool for resource
planners and managers in many parts of
the world. In brief, it requires that
divisions and groupings be made on the

basis of bio-physical differences and
similarities among regions. This in
turn permits research and development

activities to be focused on relatively

distinct geographic units, from which
results can then be extrapolated to
other areas with shared character-

and Cyperus
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istics. In Ruhengeri, at least five
general ecological zones can be distin-
guished in this manner (Figure 2.8),

Virunga parkland. Tts combination of
steep mountains, high elevation and
natural vegetation cover sets the
Virunga ecosystem off from the rest of
the Ruhengeri prefecture. In addition,
its status as both a national park and
an  international biosphere reserve
places this 125 km2 arca under a radi-
cally different manapement regime., Mo
direct exploitation of any  kind (farm-
ing, grazing, hunting, wood—cutting) is
permitted within the parl limits, and
all other human activities (tourism,
research) are strictly reeulated. The
agricultural potential of this harsh
ecosystem is considered to be minimal,
especially in comparison with the

significant revenues and employvment
generated by tourism and the overall
biological value of the park (see
Cha»ter 7 for more detailed informa-
tion).

Lava Zone. The volcanic plain which
completely surrounds the Virungas and
extends more than 30 km down the Hukun-
gwa valley to the -south constitutes the
lava zone. Excluding the parklands,
it covers 426 km2, or 257 of the pre-
fecture. It includes the entire com-
mune of Kinigi, most of Mlukingo, Nkumba
and Kidaho, and major parts of Kigombe,
Nyakinama and Nkuli.

The lava zone has several distinctive
attributes. It has the highest average
rainfall and the richest soils (due to
their volcanic origin and high organic
input from recent forest cover) in the
prefecture. In addition, the geomor-
phology of the region is significantly
different from any other part of Rwan-
da. It can generally be characterized
as a broad piedmont, with relatively
moderate slopes. These factcPs combine
to make farming 1in the lava zone ex-
tremely attractive. At the same time,
however, reduced temperatures serve to
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limit the productive potential of many
staple crops at higher elevations, and
surface water shortages constrain human
settlement.

Zaire-Nile Divide. The largest
ecological zone in Rwanda, the Zaire-
Nile Divide (ZND) covers only 9.5% of
Ruhengeri. Its 159 km2 consist of
highly mountainous terrain in the
southwest corner of the prefecture,
plus several isolated granite domes
witiin the lava zone. The ZND includes
most of the commune of Nvamutera and
major parts of Nyakinama and Nkuli.

below 1600 m
to more than

Elevation ranges from
along the Mukungwa valley
2500 m in the central highlands of the
ZND. Vhile extremely steep (often more
than 60%) slopes are characteristic of
this entire region, there 1is an impor-
tant geomorphological difference be-
tween the abrupt eastern escarpment and
the more moderate western sector. Yet
even in the latter, differences of 300

to 400 meters between valley bottoms
and surrounding ridges are common.
When factors of relatively high rain-

fall (1200 - 1500 mm/yr) and unstable
soil formations are added, high erosion
risk is the inevitable result.

Additional problems across the ZND
include an uneven distribution of water
sources and an entirely inadequate road
network. The region 1is nevertheless
settled at an extremely high human
population density.

Central Plateau. This northern
terminus of a more extensive national
ecological zone covers 372 km2, or 22%
of Ruhengeri. It includes virtually
all of the communes of Cyabingo, Ga--
tonde and Ndusu, most of Nyarutovu and
a small part of Nyamugali. Divided
into almost equal parts by the Kivuruga
ridge, the northwestern half of the
Plateau region lies within the Mukungwa
watershed, while the southeastern
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section feeds
system.,

into the Base-Nyabarongo

Although the 1label "plateau" is a
definite misnomer for a region of
numerous hills and valleys, it helps to
distinguish this zone from fthe more
rugged  ZND. Elevation differences
across the plateau range from below
1500 m at the confluence of the Base
and Nyabarongo rivers to an upper limit
of only 1900 m (except for a few quartz
summits of 2300 - 2600 m which mark the
northern boundary of the zone). Dis-
tances from valley bottoms to ridgetops
are thus reduced, averaging roughly 200
neters; yet slopes of 40 - 607 are not
Jncommon.

The
have
acteristics.
barriers which
and organic

valleys of the Central Plateau
particular geomorphological char-
Formed by quartzite
tend to bleck sediments
matter behind them, they

often descend in step-like fashion
before joining larger river systems
below. These steps range in size from
a few hectares to dozens of square

lkilometers in major valleys such as the

Mukinga. The latter are generally
distinguished by their concave edges
tapering to broad, flat and fertile
bottomlands.

Although the plateau soils are of
good quality, and relief factors are
less important than in some other
areas, erosion 1is still a considerable
threat under conditions of high rain-

fall (1300 -1600 mm) and intensive land
use, Similarly, though the lack of
water sources and access roads is less
of a problem than in the ZND, both
serve to 1inhibit settlement and devel-
opment of the plateau region.

Highlands. The last of
Ruhengeri's major ecological zones is
the Buberuka highlands regiomin the
northeast, which extends over 600 km2,
or more than one-third of the prefec-
ture. If the combined surface areas of

Buberuka



lakes Bulera and Ruhcndo and undrained

parts of the Rugezi !Marsh are subtrac-
ted from this figure, however, a more
accurate land base total of 492 km2
(29.4%) emeroes. This still malkes
Buberuka the largest =zone, covering

most of eastern Ruhengeri including the

entire communes of Cyeru, Butaro and
Ruhondo, almost all of MNyamugali, and
parts of dlyarutovu, Ndusu, Kidaho,

Nkumba and Kigombe.

The most striking feature of the
Buberuka 1landscape 1is unquestionably
its plentiful surface water resources
in the forw of lakes and marshes. Its
total hydrographic network is less well
developed than that of the Plateau
region; but what permanent rivers there
are tend to flowv through extensive
valleys which contain more than.half of

the agricultural bottomlands of the
prefecture.

The 1long, rectilinear valleys of
Buberuka are formed by the parallel

a second
the

quartz crests which represent
distinctive characteristic  of

region, The sides of these valleys are
generally steep, with slopes of 60 to
70%2 quite  common. Although mean

annual rainfall is lower (1300 mm) than
in other parts of the prefecture, it is
nevertheless high enough to combine
with relief factors to crcate condi-
tions of high erosion risk. This, plus

the danger of wvetlands mismanagement,
represent the major ecological con-
straints on regional development in
Buberuka.

Ecological microniches. The five
regions described above represent the
principal ecclzzical zones of the

Ruhengeri prefecture. llowever, just as
any natural ecosystem contains numerous
niches -- localized combinations of
biophysical attributes which favor
certain kinds of exploitation by dif-
ferent species -- so, too, does the
Ruhengeri environment present a variety
of microniches for human exploitation.
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A further refinement and subdivision of
this regional zonation scheme therefore
seems essential from a management
perspective.

The overall distinguishing feature of
the Ruhengeri region 1s 1its extremely
rugeged relief. Oueside orf the lava
zone, all parts of the prefecture are
characterized by an endless succession
of hills and valleys. In prehistoric
times, the natural vegetation which
covered the prefecture would have
differentially colonized the microzones
available in this landscape: marsh
communities in the bottomlands, dense
forest on the lowver and more moderate
slopes, and more open communities on
the upper slopes and ridges. Although
the former natural vegetation no longer

exists, these =zonal microniches along
an altitudinal transect remain. And
humans -- as the modern agents of
colonization -- <continue to exploit
them 1in a systematic and consistent
manner.

Land use patterns in the prefecture
can thus be differentiated within five
distinct micro-zones: bottomland, lower

(concave) slope, middle slope, upper
(convex) slope, and ridgetop. These
represent significant subdivisions of
the major ecological zones described

above, excepting the parklands and lava
zones, and their particular attributes
must be considered 1in any effort to
better understand and manage resource
problems in these areas.

‘\}



CHAPTER THREE: HUMAN ECOLOGY
AND LAND USE

their complex
other elements

Human beings, through
interrelationships with
of the environment, are key factors in
the functioning of any ecosvstem. This
is certainly the case 1in Ruhengeri,
given their major role in transforming
the regional landscape and their inten-
sive wuse of wvirtually all available
resources, The following sections
describe the evolution of human settle-
ment of the region, demographic trends,
current land use patterns, health
issues, and people's perceptions of the
environment,

Settlement and Land Tenure.

setﬁlers of
pygmies. The

The unquestioned first
Ruhengeri were the Twa
wild animals and plants of the predom-
inantly feorested region provided ample
resources for their hunting and gather-
ing lifestyle. In addition, their low
numbers and high mobility precluded any
serious problems of resource overex-
ploitation. Today, however, there are
barely 1000 Twa continue to live in the
region, and no trace of their former
predominance remains.

The next wave of immigrants to arrive
in northerr tvanda not only displaced
the Twa, but also left a more definite
and permanent mark. More than 2000
years ago, ancestors of the modern Hutu
introduced the iron-age tools and the
agricultural technology necessary to
transform the Rwandan landscape from
forest to  farmland. Initially low
population densities, however, favored
an approach generally referred to as
shifting cultivation. Under this
system, agriculturalists would clear
sections of forest or woodland (ceded
by or taken from the Twa), cultivate
the land for a few years, then move on
to repeat the process at another site
while permitting the forest to recolon-
ize their former fields. This served
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as an extended fallow period until the
original site was again put to use many

years later. In this mapner, farmers
avoid both the extra labor demands and
the risks of resource degradation and
depletion associated with permanent

clearing and maintenance of fields.

The ecological soundness of shifting

cultivation, though, is largely a
function of population pressure in
relation to the available resource

base. As long as population densities
remain low, rotational cvcles can be
long enough to permit adequate regener-
ation of the natural vegetation cover
and subsequent restoration of soil
fertility. By the 16th century, how-
ever, political and land use conflicts

with the pastoral Tutsi in surrounding
areas led to increased immigration of
agriculturalists into northern Rwanda.

There, in the rugged terrain of Mulera,
Bugoyi and Bukiga (modern Ruhengeri,
Gisenyi and Byumba), independent Hutu

kingdoms were established. Yet this
political liberty was accompanied by
increased ecological constraints as
larger numbers of people placed greater
demands on a limited land resource
base.

By the end of the 19th century,

population pressures had already re-
sulted in major modifications in land
use aind associated tenure systems.

Shifting cultivation had disappeared in
all areas except the remnant forest
fringe, to be replaced by various forms
of more permanent agriculture. And the

ubukonde tenure system had developed to

assure long-term wuse rights to the
initial landholders and their descen-
dants. Clans retained use rights to

large blocks of land which could then
be subdivided among male members of the
lineage in later generations through
subdivision, inheritance or gift.
Other immigrants could sti¥®l obtain
land in Ruhengeri, but only as tenants
(abagererwa) of the original lineages
and their land chiefs.



The
marked
It was
system already
of QRwanda and,
aree,  certain
tenure vstems,

arrival of the colonial period
the effective end of ubukonde.
replaced by
in force over the rest
to a more limited de-
components ol Huroapean
Neither the pastoral
orientation of the *ormer nor the
private property emphasis of the lat-
ter, however, was anpropriate for the
combined social, economic and ecologi-
cal context of northern Rwanda. And
neither  could adequately fill the
regulatory role of the ubukonde system
with regard to land use.

Following independence, elements of
the traditional system were restored in
tuhengeri  (though all patron-client
relationships were legally abolished as
undesireable  vestiges of a feudal
past). Yet just as ubukonde originally
evolved under the stress of earlier
population pressures, so, too, would it
be forced to change dramatically in the
face of the demographic realicies of
the late twentieth century. The ulti-
mate form of land tenure in Ruhengeri
is currently 1in question; but there is
no doubt that it will evolve in re-
sponse to the demands of a rapidly
expanding population on a limited land
base.

Population and Demography.

In 1984, the porulation of Ruhengeri
totaled approximately 619,000 and
occupied the Jand at an average density
of 368 persons per square kilometer
(Table 3.1) If only arable land is
considered, then this density figure
rises to 524 per square kilometer. In
addition, the distribution of this
population is very uneven, with certain
sectors surpassing 1000 residents per
square kilometer (Figure 3.1). At
these levels, the situation is already
alarming; yet further consideration of
the population's growth rate and struc-
ture provides additional cause for
concern,

the Tutsi ibikinei
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The evolution of the
lation over the past 20 vears is pre-
sented in Figure 3.2. From a base of
roughly 229,000 in 1936, the population

Ruhengeri popu-

suffered a siegnificant deciine due to
famine-induced mortality and emigration
during the early 1940s, By 1950,
however, numbers had returned to ear-
lier levels and a long period of rapid
growth began which resulted in a doub-
ling of the population to roughly

458,000 by 1970. This translates invo
a 3.57 average annual rate of increase
over the intervening period.

The reasons for such a phenomenal
increase are quite straightforward.
Birth rates have historically been high
in all areas of Rwanda, and a recently
completed fertility study (ONAPO 1986)
found, in Ruhengeri, an average of 9.9
live births per woman Ly the end of her
reproductive years. Traditionally,
this productivity was offset to a large
degree by extremely high mortality
rates. In more recent times, however,
improved health and nutritional condi-
tions have served to significantly
reduce infant and juvenile mortality
and to extend life expectancy.

The phenomenon of a '"population
explosion" following radical improve-
ments in the health and nutritional
status c¢f given populations has been

observed in most parts of the world.
After a certain lag time, however, it
is usually followed by a decline in the
birth rate. It is therefore disquiet-

ing to note that birth rates in Rwanda
remain at traditionally high levels --
and that the national populaticn con-
tinues to grow at an annual rate of

roughly 3.5%.

The actual growth rate of Ruhengeri's
population has been markedly lower than
the national average over the past 16
years. This is primarily due, however,
to emigration. Between 1970 and 1978,
Ruhengeri contributed a high percentage
of migrants to the newly-opened fron-



Table 3.1
Population Densities By Commune

Population Total Area Population Corrected Corrected

Commune 1984 (km2) Density Area* Density*
BUTARO 46,719 141.6 330/km2 128.4 364/km2
CYABINGO 50,197 86.6 580/km2 86.6 580/km2
CYERU 51,296 180.9 284/km2 156.6 328/km2
GATONDE 32,108 76.3 421/km2 76.3 421/km2
KIDAHO 29,494 89.4 330/km2 73.4 402/km2
KIGOMBE 42,169 71.3 591/km2 71.3 591/km2
KINIGI 35,077 171.6 204/km2 113.4 309/km2
MUKINGO 27,544 106.3 259/km2 62.5 441/km?2
NDUSU 37,143 92.2 403/km2 92.2 403/km2
NKULI 32,209 117.8 273/km2 103.4 312/km2
NKUMBA 33,704 101.3 333/km2 83.1 406/km2
NYAKINAMA 44,117 66.6 662/km2 66.6 662/km2
NYAMUGALI 39,243 126.6 310/km2 126.6 310/km2
NYAMUTERA 28,979 56.9 509/km2 56.9 509/km2
NYARUTOVU 45,462 125.3 363/km2 125.3 363/km2
RUHONDO 43,609 74.0 589/km2 57.2 762/km

omn 619,00 16847 3/mmn 1410 siarees

* Based on total area minus area in lakes and park.
’

Source: Ruhengeri Official Statistics (population)
RRAM Project planimetry (area)
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As this
colonists

of the Bugesera,
area became saturated ‘and
reported poor farming conditions,
however, migrants focused on the more
open spaces of eastern Kibungo: spaces
which today are nearly all filled.

tier region

Thus, emigration to the few remaining
internal frontier areas plus some
movement across international boundar-
ies limited Ruhengeri's growth rate to
a modest 1.9% between 1970 and 1978,
and an estimated 2.9% 1in more recent
years. Yet a survey conducted by the
RRAM project in 1986 found that only 7%
of the prefectural population continued
to view emigration as a viable solution
to the regional land shortage. Thus,
if .nigration is eliminated as an outlet
for population pressure, Ruhengeri's
intrinsic growth rate (births minus
deaths) will lead to more rapid popula-
tion increases 1in the future. At 3.5%
per year, this would result in a doub-
ling of the regional population to more
than 1.2 million by the year 2006.

Adoption of birth control practices
by a significant proportion of families
could obviously help to 1lower the
growth rate and prolong the doubling
period. Yet the current structure of
the Ruhengeri population mitigates
against any rapid change in this re-
gard. Nearly half of this population
is now wunder 20 years of age, and the
number of individuals in *this group is
double that in the 21 to 40 age cate-
gory. As this large group moves into
its reproductive period over the next
20 years, it will have double the
growth potential of the group it re-
places. Thus, even a halving of the
birth rate will produce the same number
of children. It 1is this demographic
inertia contained in the present pop-
ulation  structure which guarantees
continued growth weil into the next
century. It also guarantees continued
land and other resource use conflicts.
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Land Use.

As noted 1in the previous chapter,

very little of the Ruhengeri region
remains unchanged by human activities.
Unoccupied areas such as the park,
lakes, watercourses and undcveloped
wetlands total just 23,282 ha. The

remaining 86% of the prefecture has

been settled, cultivated, and trans-
formed to an exceptional degree by
man, Discussion in the following

sections focuses in more detail on the
principal components of this land use.

Agriculture,

The vast majority of
is in some form of
An earlier study on "Land Use and
Availabilitv in  Rwanda" (Prefol &
Delepierre, 1973) estimated a theoreti-
cal maximum of 138,946 ha which could
be used for agriculture in the Prefec-
ture. From that total they subtracted
another 20,842 ha of land which were
considered inappropriate for farming
(due to slope and soil characteristics)
to arrive at a potentially arable land
base of 118,104 ha. According to the
authors, this land could support ap-
proximately 107,000 families on "mini-
mal" farms averaging 1.l hectares.

land in Ruhengeri
agricultural use.

In 1984, the
Survey found that nearly
lies in  Ruhengeri had
which totaled 120,616 ha,
one hectare per household. This aver-
age is misleading, however, as further
analysis reveals that fully two-thirds
of all families have less than one
hectare; and of these, nearly 503 must
live off of holdings of less than fifty
ares (0.5 ha). Thus, the arable land
base cited in the preceding study has
already been surpassed and a far great--
er number cf families than projected is
living off of this 1land. Ihis does
not, however, mean that the study's
conclusions are wrong. The farmers of
Ruhengeri are simply working on in-
creasingly smaller and more marginal

National Agricultural
125,000 fami-
landholdings
or not quite



plots of land: with long-term prospects
that are troubling tc consider.

In addition to  their =mall size,
Ruhengeri larms arce characterized by a
high Jdecrce 0 frasmentation. Lach
family  farm  is  subdivided into an
average of more than © parcels, often
separated by  several thundred meters.
flore than 7570 of these ficlds are used
primarily for agricultural production,
with the 10m~1ndpr set aside for wood-
lots, grazing plots, and the household
complex (rugo) itself.

Food production on Ruhengeri farms is
generally similar to thdt found in
other parts in other parts of Rwanda,
in that most farmers try to produce a
mix of staple subsistence crops. At
the same time, ecological conditions 1in
this high ¢levation zone serve to limit
production of certain crops and favor
specializction on others.

Similarities appear when one con-
siders that beans, bananas and corn
occupy nearly two-thirds of the region-
al farmland over the course of the
entire agricultural yvear (this includes
two planting seascns, so totals are
higher than the actual land base; in
addition, only 40T of these crops are
planted in pure formations, with the
remainder in associations of two or
more cultures). In terms of total
production (in tons) bananas rank
first, tollcwed by whire potatoes,
sweet potatces, beans, corn and sorghum
(Table 3.2).

In terms of specialization, Ruhengeri
appears to have a comparative advantage
over other areas for the production of
certain crops. In particular, the
prefecture produces more than 303
the national wheat crop (predominantly
in the Buberuka and Lava ecological
zones); 48% oIl the vwhite potatoes (in
the Lava and Zaire-wNile Divide zones);
nearly 235 of the peas (Zaire-ilile
Divide and Buberuka zones); and 19% cf
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Table 3.2
Production of Selected Crops
in the Ruhengeri Prefecture

Area Production 7 Nat'l
Crop (ha) (tons) Prod'n
Bananas 42,751 134,270 6.8
Beans 50,477 23,045 9.0
Maize 32,170 ”l,ll/ 19.0
Sorghum 19,518 13,2C2 7.8
Potatoes 19,950 122,023 48.5
Sweet
Potatoes 17,180 67,927 9.3
Peas 11,979 3,812 22.6
Wheat 2,750 2,349 80.1
Source: National Agricultural Survey

ITHAGRT 1986

the national maize production (primari-
ly in the ZiD and Lava zones). Produc-
tion levels for bananas, Leans, sorghum
and sweet potatoes, while important for
Ruhengeri, tend to fall within expected

ranges for a region which represents
6.6%Z of the national territory and
which contains 10.6% of the national

population.

ecological
appear

With regard to cash crops,
conditions in the lava zone
favorable to the production of both
pyrethrum and tobacco. TIn 1975, nearly
2000 hectares in Ruhengeri were planted
with pyrethrum and generated the major-
ity of ~Rwandan export rovenues from
that crop. ‘lore recently, however,
foreign demand for this natural insect-

icide has declined and no more than
1200 ha are currently under cultiva-
tion. Tobacco, on the other hand,

for the domestic
one thousand
&ts produc-

remains a valued crop
market, though fewer than
hectares are dedicated to
tion.
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Table 3.3

Selected Land Use Categories By Agro-ecological Zone

AGRO- TOTAL RAISED BED TILLED RAISED BED
ECOLOGICAL AREA* BOTTOMLAND PASTURE FIELDS UPLAND BANANAS PAYSANNAT
: ZONES (km2) (ha) (ha) (ha) (ha) (ha) (ha)
ZND 159 296 212 9547 . 2453 2472 0
(% zone) (2) (1) (60) (15) (16) (0)
PLATEAU 372 1786 454 24870 122 7634 0
(% zone) (3) (1) (67) (<1) (21) (0)
Lava 426 276 1944 1812 25734 3918 4732
(% zone) {<1) (5) (4) (60) (9) (11)
BUBERUKA 492 2652 260 34737 944 3312 0
(% zone) (5) (<1) (71) (2) (7) ‘ (0)
TOTALS 1449 5010 2870 70966 29253 17336 4732

* Does not include parkland, lakes or Rugezi Marsh

Source: RRAM Project aerial photo-interpretation




For other export crops, the Ruhengeri

environment appears less favorable.
The region produces less than 4% of the
national coffee harvest (Rwanda's
principal source of foreign revenue},
on fewer than 1500 ha of low elevation
farmland. Production of tea, the

sezond mujor source of agricultural
export revenves, 1is even lower, al-
though cultivation 1is now expanding in
the Nkuli-Nyakinama area. This expan-
sion has led to conflicts with the
lrmal population over land use, how-
ever, and future growth remains uncer-
tain.

As indicated above, the vast majority
of Ruhengeri farmers make tneir living
from extremely small plots of land --
virtually gardens -- on which they grow
a mix of primarily subsistance crops.
Despite this - relative hoerogeneity,
however, some distinct regcional differ-
ences do appear. From the selected
land use categories presented in Table
3.3, bananas <can be seen to occupy a
much more important role in the Central
Plateau and ZHD regions, especially
along the flanks of the Mukungwa val-
ley. This valley also contains a high
percentage of the Lava zone's banana
plantations. Lower temperatures limit
cultivation of this economically impor-
tant crop, however, in the upper Lava
zone, as well as across much of the
Buberuka region.

Raised bed farming in bottomlands
(principally of sweet potatoes and
white potatoes) is another feature of
the Ruhengeri landscape which shows
important regional differences. Of the
5000 ha under this form of explcitation
across the prefecture, more than half
are lecated in  the extensive valleys
and vetiands of the Buberuka region, A
similar percentage (5%) of the Cenvral
Plateau 1is also planted in bottomland
raised beds, but physical conditions in
the ZND and Lava zones limit the extent
of this practice.

Upland raised bed cultivation, how-
ever, is a distinctive and widespread
practice in the Lava =zone. The vast
majority of crops (especially potatoes)
in this region are grown on large
linear mounds, due to the particular
water retention qualities of the vol-
canic soils. These formations are also
common in the paysannat sector of the
Lava zone, which 1is characterized by
both the regularity of 1its layout and
the continued presence of pyrethrum.

One major land use category in most
parts of Africa which is almost totally
lacking in Ruhengeri is that of pasture
lands. As a result of pressure to
convert available land to crop produc-
tion, the prefecture's natural pastures
declined from 2,870 ha in 1980 to only
120 ha 1in 1684, according to official
statistics. In addition, private
grazing plots averaging only 2 ares per
household covered another 2000 ha.
This renresents a totally insufficient
resource hase for a region in which 76%
of the population owns livestock, even
though most of these are sheep and
goats (Table 3.4).

Table 3.4
Ruhengeri Livestock Populations
7% Average Total
Type Own  Number Population
Cattle 13.1 2.4 39,518
Goats 42.4 2.6 136,239
Shzaep 54.9 2.1 143,717
Pigs 7.3 1.8 16,431
TOTAL 76.5 3.5 335,905

Source: National Agricultural Survey
MINAGRI 1986

b d

Ruhengeri's ability to maintain this
population up to now is due primarily



to the extensive use of roadsides, crop
residues, forest plantations and other
sites not in agriculture as alternative
grazing sites In addition, two more
intensive techninues have been intro-
duced to the region. Increasing num-
bers of farmers now plant grass crops
of Setaria, Trvpsacum
along contour lines with the double
objective of controlling erosion and
providing additional forage for live-
stock. Permanent stabling is also now
practiced by 207 of all cattle owners.
Both of these practices must continue
to spread at a rapid pace, however, if
Ruhengeri is to maintain its current
livestock populations in the face of
steadily decreasing avallability of
traditional grazing lands,

Forestry.v Another major category of
land use in Ruhengeri is that of forest
cover. Official statistics from Ruhan-
geri state that 10,353 ha were under
tree cover in 1985. This represents 7%
of all land in the prefecture, except-
ing the park and lakes. Studies car-
ried out by the RRAM project, the
National Apricultural Survey and other
sources, however, indicate that this
total may reach as algh as 15,000 ha,
or 105 of the regional lsnd base (See
Chapter S for a detailed analysis of

this and other forestry issues).

The wood resources of Ruhengeri occur
in three principal forms: large planta-
tions, small private woodlots, and
individual trees dispersed across the
landscape. Plantations range in size
from a minimum of one hectare to nearly
200 ha. They are primarily owned and
managed by the communes, which benefi-
from the use and sale of their wood
products, with a small percentage run
by private enterprises or the national
Forest Service. Roadside plantations
are also included in this general
category. Homogeneous stands of Eucal-
Yptus species predominate in virtually
all of the large plantations, though

and Pennisetum
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pine production hus increased in recent
years.

Private woodlots represent the major-
ity of forest cover in PRuhengeri.
According to  the 1984 Agricultural
Survey, these stands cover a tuiol area
of nearly 7,500 ha, vet average less
than 6 ares per family. A RRAM project
survey of 660 households in the prefec-
ture found that more than 807 of all
families maintained their own woodlot,
but m et felt that it was insufficient
to meet their needs. This wood shor-
tage was felt especially  strongly in
the Buberuka anG  Zaire-Nile Divide
zones. Eucalvptus is again the predo-
minant species found in private wood-
lots, though cvprus and a few native
¢pecies are also present.

trees represent the final
category of forest resources. Their
dispersed nature, howaver, makes quan-
titative estimates of their total cover
very difficult. What can be said is
the following: that the majority of
farmlands contain such trees; that they
exist as a diverse mix of primarily
native species; that they satisfy a
variety of needs, bevond that for fire-
wood, as sources of medecine, food and
construction materials; and that they
represent the foundation of traditional

Isnlated

agroforestry svstems. Thus, while
their total cover may not be very
great, it is certain that dispersed
trees are a resource of considerable
value,

In many respects, forestrv trends in
Ruhengeri are  positive. Based on
historical accounts, photographs and

of longtime residents
of the prefecture

the observations
of the region, more

is now covered by trees than at any
other time in this centurvy (with the
qualification that forest cover in

earlier times was far greateg and that
natural forest has continued to decline
up to the present), Reforestation has
also increased significantly in recent



years. Official figures show that the
total planted area has grown from 4,282

ha in 1975, te 5,317 ha in 1980, to
10,353 ha in 1955, The major part of
this increase «more than 4,400 na) has
come from planting Ly private indi-
viduals on their own lands., In addi-
tion, 1t is quite likely that these

figures underestimate the total forest

resource base.

Yet even the most optimistic esti-
mates of forest cover indicate an
annual vield of 0.23 m3 of wood per

person per vear: less than one-third of
the estimated annual demand.  This
means that the capital of standing wood
volume 1is being exploited to meet
demand: a trend which is unsustainable
in the long-term. lHowever, at a time
vhen agricultural land is at a premium,
it is highly questionable whether
forest 1lands can be tripled to meet
this demand without incurring serious
land use conflicts. And the 6007
increase required to satisfy the needs
of a projected one million people
living in Ruhengeri in the year 2000 is
problematic in the extreme.

Another important
humans transform the
through their creation

urban centers, indus-
trial  complexes, etc. Ruhengeri's
infrastructure of this sort is rela-
tively less developed than that found
in many other parts of the world and
represents a  minimal component of
regional land use. Yet with continued
population growth and development, it
will certainly expand.

Infrastructure.
way 1in which
environment 1is
of road networks,

A network of 1,827 km of roads repre-
sents the repgion's most extensive form
of infrastructure development. Dased
on average widths of 10, 15 and 25
meters for communal (1303 km), national

(424 km) and paved (100 km) roads,
respectively, a total area of 2189 ha
is covered by this network. In addi-

tion, large areas along these roads are
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unusable due to associated erosion and
roadside tree plantations. Still, the
present road system covers less than 2%
of the prefecture; and although it will
necessarily grow in coming years,
proper planning could assure 1its bene-
ficial aspects while limiting negative
iimpacts.

The only significant urban concentra-
tion in the prefecture 1is the capital
city of Kuhengeri, with an estimated
population of 20,000. Covering an area
of less than 2 square kilometers,
Ruhengeri includes a commercial dis-
trict and market, a government office

complex, a major hospital, a military
camp, a prison, and a recional air-
port. Plans for the rational future
expansion of the city are now in pro-
gress.

Villages are virtually non-existant

in Rwanda.
found in

in Ruhengeri, as elsewhere
The closest approximation 1is

the northern Buberuka region, where
scattered examples of "grouped habitat"

can be found in lineav formations,
generally on sloped ridges. Yet the
housing inits required by more than

128,000 dispersed families nevertheless
occupy a certain amount of space which
should be taken 1into consideration.
Assuming an average of 200 m2 per
traditional rugo enclosure (still used
by one-third of the population) and 150
m2 for the newer rectangular struc-
tures, a total of 2,125 ha emerges as a
rough estimate: nearly the same as the
area covered by roads. Thus, while the
promotion of villages or grouped habi-
tat may improve ti.e provision of servi-
ces, it should not be seen as a means
of reducing this already low level of
land use for housing.

Ruhengeri's few industrial complexes
are visually striking, but of minimal
importance with regard to overall land
use. The two principal wolfram mines
in the prefecture cover barely 2 km2 of
denuded hills. In the case of the
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Table 3.5

Incidence of Selected Illnesses

Health Eco- Population Respir. Intest, Malaria Malnu- Bilhar-
Center zone Illness Illness trition zia
Gasiza Lava 21,742 7.2 10.6 0.9 0.20 0.00
Kinigi Lava 23,757 4,8 22,3 0.6 0.21 0.00
Bisate Lava 11,325 19.0 6.6 0.4 0.10 0.00
Shingiro Lava 18,343 18.5 8.3 0.9 0.30 0.00
“Ruhengeri Lava 51,329 8.1 13.6 2.8 0.03 0.02
Gitare Lava 28,296 12,7 12.5 2.4 0.41 0.40
Kinoni Lava 25,742 10.3 11.7 1.5 0.15 0.04
Busogo Lav/2ZND 21,172 20,6 30.5 0.7 0.09 0.00
Rwankeri Lav/2ZND 33,227 7.3 8.3 0.7 0.43 0.00
Nyakinama Lav/ZND 31,120 7.6 8.9 1.6 1.52 0.00
Ntaruka Lav/Bub 18,762 10.7 5.9 2.6 0.07 2.00
Rwaza Bub 37,545 2.8 4.5 1.6 <0.01 0.01
Butaro Bub 26,252 5.6 12.1 4.0 0.15 0.05
Kinyabaha Bub 15,081 8.4 9.5 1.6 0.11 0.01
Rusasa Bub 12,843 16.0 15.8 1.6 2.80 0.00
Rwerere Bub 30,646 1.7 4.1 4,1 0.10 0.01
Mucaca Bub 33,265 2.0 1.6 1.3 0.07 <0.01
Nyamugali Bub/CP 21,705 4.4 9.6 1.2 0.11 0.00
Nemba CP/Bub 80,828 2.8 13.5 0.8 0.08 <0,01
Cyabingo CenPlat 35,313 3.5 5.7 1.4 0.08 9.00
Gatonde CenPlat 28,694 7.1 15.4 1.9 <0.01 0.00
Janija CenPlat 15,964 5.7 15.0 1.4 <0,00 0.00
Busoro CenPlat 15,205 3.6 10.5 1.5 <0.01 0.00
AVERAGES 7.3 10.8 1.7 0.32 0.08

Source: Région Sanitaire de Ruhengeri (1985)
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around the ‘akes and wmarsh complex of
northeastern  luhengeri, ihich provide

excellent habitat for tho aquatic '=tarm
of the mosauito vecto salaria rates

are also hian in ?uhenqcri Louwn, wher

6]

@ hiah populaticn vofavors tan
spread nf i nga [ren nearhy sigoes
of standing

Bilharzia iz much nore localized,

o significant ceaters, both
around Lake Pulera. This debilitating
disease was introduced in the 19708 ts
the lakes recaion, wvhere

mansonl parasite  found a

with only tw

suitaale host

LI Sy

in the srail population of Zjompha airia
pfeiferi, whick inhabite the narshe
lake edge Sromo there it - infectod
humans  freyncnting  the lake, who then

returned whe parasite’s coqs to tie
vater  wvia - Loelr fecal catter. This

cyele can cinly bhe  broken in o vavs:
through elininatinn of the enails G
their habitaz, or throuszh outensive

public heaith  oducation Lo Trnroe s
sanitaticn gractices. 0 the case of
Lake Dulera, the laotter appreach has

incidence ot

in all arens
cdge  in 1GAEU
1982), o
U.&Z in
o L.arUu\l .
serious eradi-
we until this

served to reduce
Bilharzia from acarl:
bordering ite .est
(Bilharzia !iission

only one sit higher than
198s, The rate o[ 57 at
hovever, indicates

cation efforts must conrin
discase is eliminatad.

Report,
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The final disease

this section 1is ¢l

for which tihere are
vl

catenory treated in
at of malnutritien,
only two sienifi-

cant centers in prefecrure: livali-
nama and Rusasa. !either one, however,
appears to L linked to anv particular

ecological conditions, sor do the Lo
have wmuch in common. The HNvakinamna
center services residents of the [iubun-
swa vallev as well as People living

the eastern tflank of the 23D, Uhila
the former area is quite productive

much  of the land is in bananas as a
cash crop and subsistence crops mav
therefore e nealccted. For those from

the Schisrnsnmn
=L Etosn

ihe surrounding hills, a= “nll as for
the Rusasa population, the iiost iilely
explenation far "ﬂjnurr"1vw is that of

cither land Sh‘)l"_'f‘.l'l'.‘f:' O rovergy.,

VSl comment oan oo Deallh sitna-
tion uhennari i vhag Lhn32 nnsy
sericuziyv affectoii ! ilsenza are
generally the vouna, “jlo it i truo
5 F o PR S T ", ' [
that infant MOriaLit, -n awanda Las
1 R . H -
declined by alwost hai

[ since the earl-
f

1950s, neérly 1270 A7 111 chiléren

continuc  to die lefere their first
birthiar and 227 live less than {ive
vears (GHAPO 100y, and for manr who
do survive, the eliacis  of o 192 o

gricuzly retard  Lhei dfovelopnont and

tentribution to

Attitudes Toward Coviranmental Issues
gennrally considered

people's relation to

‘luman ecolory is
to be the studv »f

amil use of  the lio-phvsical rossurces
of & gorricular vouion.  Unvieenmental
problems occur when (mhniunces  n this

relationship are observed. Although
cchnical analvzes v sreciniiste can
reveal these preblems, it is also
importznt to consider hew thev aro
perceived by the coreral nublic.

the RRAT proiccr carried our ¢
survevs in Ruhengeri in nn  off
better understand this nestion o
vopular attitudes and awareness. Tooie

3.5 presents the resulis of o surver of

320 thouscholds <+ which people vere
asiied to  list, in rrioricy order, the
ma jor problems which they  perceived at
three  different levels: thei,  own
household, the curront popu]at‘on of
their cemmune, and  this same ceommunal
populatien 10 vears (rom now. ‘“*1\615

of these results roveals that certain
environmental issues are considered to
ve very important across the entire
prefecture, althouuh reaiona™.Jifferen-
ces elso arise,
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Table 3.6
Ranked Perceptions of Priority Problems
by Ecozone

Family Region Future
Rank by Ecozone Rank by Ecozone Rank by Ecozone
Problem LAV ZND BUB PC TOT LAV ZND BUB PC TOT LAV ZND BUB PC TOT
Lack of

Land 3 1 2 1 1 2 1 1 1 1 1 1 1 1 1
Poverty 1 2 1 3 2 3 4 3 3 3 3 4 3 4 4
Soil Erosion, :

Degradation 6 3 3 2 3 6 3 2 2 4 6 8 7 5 6
Water 2 4 4 6 4 1 2 4 6 2 7 - 10 - 9
Wood 7 6 6 4 5 7 6 6 5 5 10 9 - & 8
Food 8 5 8 5 6 13 7 7 8 7 4 3 4 3 3
Pastureland 5 7 7 7 7 9 10 10 7 9 12 7 10 10 10
Health 9 8 5 8 8 7 11 5 13 11 7 5 - 8 7
Housing 4 9 12 9 9 5 15 13 - 12 9 - - - 12
Education i1 10 9 11 10 12 8 8 9 10 5 6 5 7 5
Overpop-

ulation 14 12 11 10 11 16 9 9 4 8 2 2 2 2 2
Lack of

Roads 15 11 13 12 12 4 5 11 10 6 - 9 - 8 15
Dowry 16 14 10 14 13 11 14 12 12 14 - - 6 12 11
Animal

Damage 10 - - - 14 10 - - - 15 11 - - - 13
Climate 17 13 14 13 15 14 12 15 11 13 - 11 8 10 14

Note: Lower numeric values indicate higher priority rankings.
Totals (TOT) represent weighted rankings for the entire prefecture.

Source: RRAM Project Survey 1986




the surveyv, the number
one problem faced by most househnlds in
Ruhengeri is lack of land. This is
supported bv Jindines from the =cc
RRAM  project , vhich
nouseholds whether their farmianls voere
sufficient Lo zatisfy curront  and
future needs (Table 3.7). The ros:
indicate that iess than 203
population fecels that their cur ‘ren
farms are sufficient; and only 1]
believe that the next generation vil
have sufficient land. Regional differ-
ences  appear quite strongly, with
residents of the Zaire-¥ile Divide and
the Central Plateau most pessimistic in
this regpard.

According to
[»]

survey

&
o
-
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Table 3.7 .
Sufficiéncy of Tarm to Meet Needs

Lava ZND  DUB CP TOT\AL
4 % A % Z
Current
Yes 33 15 34 22 256
No 67 85 66 75 71
Future
Yes 13 0 14 10 11
No &6 100 35 38 a8
Don't
Know 1 0 1 2 1

In addition to the highest priority
land problem, results from Table 5.5
indicate general aqreement that pover-
ty, soil erosion/degradation, lack of
good water, and wnod zhortages are ziso
critical problems for current house-
holds. The izl of food and pasturoe-
land, as well as inadequate health,
housing and cducational facilities,
appear as a secondary set of concerns.

Despize
however,

agreement on thesez issues,
there 2are certain renional
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tifferences whick also emerge  from the
survey results. Peverty and the lack
ol water race hizher prierity than land

shortazes in the lava zone, and the
]“c“ ol suitavlic  lousing material
(ciayv) is th= surth oSt f‘euuanJf
cited problem in that area. Lava zono
residents who live near the park also
cite wild animel lamage 1o crops as a
significant issue. In the Central
Plateau area, s2il erosion and wood
shortages rank fhigher “han in other

areas. [inally, health
more [amilies in the
in apparent confirmation of

lesues concern
Buberuka region,
the techni-

ccl assessment sresented  in  the last
section.

vhen individuals were =shed to thinlk
bevend their on concorns  and consider
the entirc population nf their conrunce,
the problem set reomained constatt, bhut
certain priorities chanced. In parti-
cular, water issues rove up teo secon:d
place ahcad of rproblers relorel to
poverty and soil denradntion, In
ailddition, the lack of acccss roads and
overpopulation anpear 2sg rmore stionifi-
cant 1ssues gt the crmunal  level.
Regional differcnces are also evident
at this level, «with hicher pricrity
given to water in the /UD and Lava
zZonres, crosicn  in Duberubn and  the
Central Plateau, health <n Zuberuka,
an. overpopulaticn ia the Plateay.

The most dramatic chanoes, havever,
appear in  reaard to  futur: problens.
vhile land remains the prisary concern,
overpopulation an. faod sihortaces climb
to the secend and  third positions,
follewed by poverty and the lack of
educational opportunities. he inpres-
sion that emerces from (his is that
people thinlk  about more ceneral jssues
as they consider the future. Nesional
differcnces also appear to nive way to
about a

nore homogcneous concern g
future in which there sare too many

people growing insufficient food on too
little land.

W
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It is clear tnat the rural population
of Ruhengeri 1is aware of the critical
environmental and resource management
problems which <confront them. Land,
soil, water, wood and overpopulaticn
all rank high on people's priority
lists -- lists which appear to be in
close accord with those derived from
more technical assessments., These, and
other sources of information, are
considered in more detail in the analy~-
sis and recommendation chapters which
follow.
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CHAPTER FOUR: SOIL L[ROSION
AND DEGRADATIOXN

1s a natural and vorid-

"Soil erosion
wide phenomenonn.

—— D.J. Greenland

"Civilization can survive the exhaus-
tion of o0il reserves, but not the
continuing vholesale loss of topsoil."
-~ L.R. Brown

In these ztatements can be found two
fundamental truths about soil erosion;
and in their apparent contradictions
lies the reason vhy this problem is so
difficult to treat. Erosion is cer-
tainly a universal and timeless natural
phenomenon. “ithout crosion, the earth
would be a barren hunk of rock, incap-
able of supporting life. Yet the same
process of erosion, which combines with
that ol organic decomposition to create
soil, can get out of control and des-
troy the thin layer of topsoil on which

virtually all plant and animal life
depends. The differcnce is that natur-
al erosion is usually a slow process
which acts praincipally on exposed rock
surfaces; accelerated erosion occurs
where vegetative cover has been removed
—= generally by human activities -- and
acts most destructively on the exposed
topsoil. ‘Vhen this topsoil is serious-

ly degraded, its productivity inevitab-
ly declines.

Thus, in  Ruhengeri, the erosion
process which created its rugged land-
scape over cons has Leen accelerated

by human activities over recent timc.
The majority of the regional land base
which is in aqricultural use is repeat-
edly stripped of its vegetative cover
each year and exposed to the erosive
effects of rainfall. Deforestation,
mining and construction activities can
have an  even greater, though more
localized, effect.

From =2ll indications, erosion and
other forms of soil degradation repre-
sent one of the hiphest prioritv prob-

lems in Ruhenaeri. Sheer, riil, aullvw
and stream bank ernsion are present in
almost all areaos:; landslides occur nn
the most susceptible sites;  and point-

source erosion is obvious around mines
and along roads. The following sec-
tions present different diagnoses of
the erosion problem and recommendations
for its treatment.

Analysis.
Diagnostic assessments of soil ero-
sion and depradation problems in che

Ruhengeri region are seriously limited
by the «<ceneral lack of quantitative
data on the subject. 1In particular, no
detailed soils rmap vet exists {or the
prefecture, which precludes refined
analysis of soil erosion risks. In
addition, the existinn topographic map
does not permit sufficiently precise
slope calculations. Joth of these oaps
are critical; vet thev should be filled
with the publication of national soil
and topographic maps within the coming
year. In the meantime, valuable obser-
vations can nevertheless be made from
the compilaticn and analvsis of avail-
able information sources.

Prefectural Assessment. In recent
years, the Awandan aovernment aas
required the creation of commissions to

assess the advancenent of erosion
control efforts in each prefecture of
the countrv. As elsewhere, the Ruhen-

geri conmission has proceded by touring

each of the 16 conmunes to observe
conditions in the field. From these
tournées, estirates are made of the

total area protected bv various erosion
control structures such as infiltration
ditches, hedgerows and terraces.

In 1985, 53% of the prefecture was
estimated to be protected by these
Structures, with communal rates ranging
from 34%2 to 075, Dy the end of 1980,



the regional average was determined to
be 877, with a range of 80 to 94%. To
a certain degree, this 66% increase re-

flects the considerable effort vhich
the Ruhengeri population has put into
erosion control recently. At the same

time, however, criteria were changed in
1986 to include the "natural protection
of low relief", especially in the Lava
zone. Vhile the concept of lower risk
factors is certainly relevant, it
nevertheless changes the basic equation
and makes trend analyses fairly mean-
ingless.

vith the
serve to limit
it does not
determine the
erosion itself.
attempt to assess

Two additional
prefectural assessment
its usefulness. First,
include any attempt to
degree or extent of
Second, it does not

problems

the effectiveness of the erosion con-
trol! structures that it measures. To
be sure, these two activities are not

among tne commission's official respon-
sibilities. Their inclusion, however,
would greatly enhance the diagnostic
value of the commission's annual re-
port. l!leans of moving toward this goal
are included in the Recommendations
section below.
Agricultural Survey. The ilational
Agricultural Survey is an on-going
effort to provide reliable statistics
on agricultural land use and production
in Rwanda. As such, it includes sever-
al components of relevance to soil ero-
sion and management. Information is
broken down by prefecture and ecologi-
cal zone; but since the latter areas
extend beyond prefectural boundaries,
they are not entirely reliable for
analysis of conditions within a single
prefecture. All Survey results pre-
sented below are for the year 1984.

Although hard data are still lacking
on qualitative aspects of soil degrada-
tion (as opposed to physical erosion),
certain Survey results help to shed
some light on this subject. Slightly
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more than 507 of the farmers in Ruhen-
geri felt that the productivity of
their fields was declining. Roughly
19% attributed this decline to the
effects of erosion, while 59% said it
was due to over-cultivation (especially

in the Lava zone). This 1is hardly
surprising given several related find-
ings. First, more than one-thiruy of
all Ruhengeri  fields have been in
cultivation for at least 50 vyears.
Second, only about 14% of fields are
fallowed each year -- and then only for
increasingly shorter periods. Tinally,

fewer than half of all farmers reported

using fertilizer or mulch on any of
their fields. Under such conditions,
it is not at all surprising that pro-

ductivity is declining on a majority of
farms.

A second area in which the Agricul-
tural  Survey provides some useful
information concerns the erosion risk
factors of slope, crop cover and pro-
tection. Approximately 70% of all
cultivated fields in Ruhengeri are
located on the upper and middle slopes
of hills. As a direct result, nearly
half of these fields are on slopes of

than 37 percent (unfortunately,
this is the highest slope category in
the Survey and fails to reflect the
true steepness of many fields). 1In
addition, several of the principal
crops srown on these fields (especially
maize, potatoes, sorghum and peas) are
among those most susceptible to erosion

more

(Table 4.1). Bananas, on the other
hand, are noted for their soil protec-
tion qualities; but most banana stands
are on lowe., more moderate slopes.
Finally, Survey results indicate that
approximately 40% of all agricultural
fields and 207 of those fields not in

crops were protected by erosion control
structures in 1984. This figure is
lower than that of 53% estabdished by
the Prefectural Commission in 1985, yet
the difference could easily be ex-
plained by progress in erosion control
over the intervening year.



The most recent Agricultural Survey
study ("Pertes de terre dues a 1'éro-
sion", SESA/MINAGRI 198G) is also the
most relevant  for the purposes of this
chapter. Combining the field data
described above with direct measures of
erosion on [00) sample fieclds, and then
applying both to the Universal Soil
Loss Equation (USLE), this preliminary
report represents a significant contri-
bution to the quantitative assessment
of erosion in Rwanda.

The USLE (Vischmeier & Smith 1965,
1978) was developed as 2 tool for esti-
mating soil losses under a broad range
of field conditions. Although derived
from studies in the United States, it
has been nmodified for applications in
numerous tropical countries. The basic
formula for the cquation is represented
as:

A = R¥KFL*SECHP

where

A is the quantity
per unit area;
the rainfall erosivity factor;
the soil erodibility factor:
the length of slope factor;
the slope gradient factor;
the crop cover factor: and
the erosion control factor.

of soil lost

RSN 2N - .

Values for the length
slopes were obtained
sures of the
fields. These
crop cover and
values for these
modified bascd

and gradient of
from direct mea-
Survey's 10,000 sample
also provided data on
erosion control, but

factors were then
on results from the 100
erosion monitoring  sites. Painfall
erosivity and soil erodibility values
vere determined from existing maps of
general climatic and lithologic fea-
tures.

Results {rom this pilot study reveal

a serious average soil loss in Ruhen-
geri of 13.3 tons per hectare per
year. The breakdown of this total loss
in Tables 4.] - 4.4, however, indicates
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potentially even more scvere problems.

Table 4.1
C-Values by Tyne ot Crop or Association

(higher values = more erosion)
Crop/Association C-Value
Coffee .ovviiiiiiiiinnnnnn, 0.02
Dananas ... o i 0.04
Bananas/Beans .................. .. 0.10
Non-cultivated Field ............. 0.10
Soy/Bananas ... ol 0.11
Deans/Bananas ....... ... . ... ... .. 0.12
Pananas/Taro .....o.vuuiuuoo ... 0.13
Bananas/Sorghum .............. .... 0.14
Sweet Potatoes/Beans ............. 0.14
Maize/Bananas ...........ouun.. ... 0.15
Peas ..o, 0.15
Sweet Potatoes/Pananas ........... 0.15
Sorghum/Taro w..ovvuvuuunnnn.. .. 0.17
Sorghum/Bananas ........ouuu...... 0.1S
Taro/Bananas ...........ooovoinn.. 0.19
Beans w.ovviiiiiiiiii 0.19
Beans/Manioc ......viiuiiinl. ... 0.20
Beans/Peas ...vuvvuiuiiinnnnnn ... 0.2
Beans/Potatoes ....... .. ... ... ... 0,20
Beans/Sweet Potatoes ............. 0.20
Manioc/Taro .o.vuuvunuuunoo .. .. 0.20
Pyrethrum ............ reee et 0.20
Sorghum/Sweet Potatoes ........... 0.20
Potatoes/Maize v.ovvvivuuunnun. ... 0.21
Manioc/Beans v.vvvveueuunnnnnn. ... 0.22
Manioc/Sweet Potatoes ............ 0.22
Potatoes ............ e eete e 0.22
Sveet Potatoes .vuveveeeeeunn.. .. .. 0.23
Finger Millet ......ovvuuuunnnn... 0.25
Maize/Sweet Poatoes .......... vee. 0,25
Hanioc wueivieiiiinnnnnn 0.26
Beans/lMaize .......... e, 0.30
Maize/Beans ..uvveveuinnnn... ... 0.30
Maize/Peas .......... e .. 0.31
Sorghum/tanioc ...ovvuvu.... .. eee. 0431
Maize/Tolacco vvvvvvnnnnvnnnnn... . 0.32
Taro wvevevinnnnn.... et eeea. 0.35
Maize weuuiviiinnnnnnnnnnnn.. «o. 0.35
Sorghum/Maize ............. e 0.35
Sorghum ‘..., Ceeaeenn 0.40
Tobacco veveveunnnnnnnnn. . .. D 0.45

Source: MNational Agricultural Survey
MINAGRT 1986




in Table 4.1
of Ruhengeri's
sorzhum,
potatoes)

The figures presented
demonstrate that most

principal crops (especially
maize, potatoes and sweet
have high C-values which indicate a
high potential for erosion. Bananas
are a notable excention, vhile fields
under beans and bean associations fall

into a moderate risk category.

converts these C-value

actual soil losses per
From these figures, and
crop production data, it can be
than one-third of Ruhen-
are in the hichest loss
S T/ha/vyear.

Table 4.2
r.11sses 1into
hectare.
earlier
seen that more
geri's fields
category of 13

Table 4.2
Average Soil Losses by C-Value Classes
(Tons/Ha/Year)

C-Value Class Soil Loss
0.02 - 0.09 ......0u... S I |
0.10 - 0,14 .o.vunn.. ceenceaenenss 1.8
0.10 = 0.2 ittt iieiennans . 11,4
0.25+ ...... eeeen eerecnerneees 18.5

A further subdivision of the erosion
study provides soil loss averages for
different  slope categories. These
data, presented in Table 4.3, demon-
strate the significant correlation
between high slope values and increased
erosion. The results are particularly

Table 4.3
Average Soil Losses by Slope Class
(in Tons/Ha/Year)

Slope Class Soil Loss
O -9 percent ...iviveaenn B A
10 - 18 percent ...... ceraeas ceeaes 4.2
19 - 36 percent viieeevcescnenssss 11.9
37 4 POrCeNL wueveverenneeennonass 25,7

troubling for Ruhengeri, where 35% of
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all agricultural fields and 587 of
non-agricultural fields fall into the
»>37% slope category, in which soil

losses average 25.7 tons/ha/yr.

the erosion
loss differ-

A final treatment of
study data concerns soil
ences among Rwanda's 12 ccological
zones (Table 4.4). Thesc results show
the Zaire-Nile Divide region to have
the highest average erosion rate of
21,7 T/ha/yr. The second and third
worst rates were found in the Lava and
Buberuka zones, with 13.6 and 12.3
T/ha/yr respectively. The Central
Plateau (8.8 T/ha/yr) was the only zone
present in Ruhengeri below the national
average of 10.1 T/ha/yr.

Table 4.4
Average Soil Losses by Ecological Zone
(in Tons/Ha/Year)

Ecological Zone S0il Loss

Zaire-Nile Divide s.eeieveneenanss 21.7
LAVA tieiirrreeeeneocaanncnnenaees 13.6
Buberuka ¢.eeeveveieeenenneanaeaes 12.3
KivU sviveenvennenssascasssseeenass 12,0
Imbo vttt riiiiiieeeeteenneeeeas 114
Impara vieeveeecesessenoncaeaeneaans 11.3
Central Plateau ....ceeeeeeeceeeaes. 8.8
Granite Ridge ...iiviievennnecnacass 6.2
Mayaga cveiennennans . T |
Eastern Savanna .....ceeeee.. ceeess G5
Lastern Plateau ..eeeeeeeeeeenesese 3.3
BUgESera v.vievveeeisvecsscnscannae 2.0
AVERAGE 1iiieiineneecanacanneconas 10,1

The results presented above come from
a pilot study. As such, their accuracy
and utility are somewhat limited by a
number of factors: a lack _of site-
specific rainfs1l and soil character-
istics data; questions about precise
modifications of the Universal Soil
Loss Equation for Rwandan conditicens;



and, finally, limits on subreoional

analyses due to a small sample size of
100 erosiun wmonitocing sites. Still,
these Survey  findines add considerably
to our uanderusianding of erosion icsucs
in Rvanda  aad hielp Lo indicate soveral
potential problem areas specific to Lhe
Ruheneeri reeion, In particular, they
highlieht the fact that sipnificant
arcas of the prefecture -—-— notably
those with steep slopes and/or under
certain {orms of crop cover -- require
priority attention [or crosion control.

RRAM Project Studies. s part of its
general inventory ol environmental
issues in the Ruhenceri prefecture, the

RRAT project conducted two separate
studies which concern soil ecresion.
The first was a survey of 650 house-

holds which' dealt with popular percep-
tions of the problem. In the sccond, a
series of technical maps was compiled,
then combined 1in an attempt to deter-
mine priority problem sites.

One scction of the RRAL survey ashked

a series  of questions about snil pro-
ductivity, erosion and erosion con-

trol. Table 4.5 presents responses te
the questien: "low has productivity on
vour hillside fields changed in recent
vears?'""  Results show that a large
majority of 823 of the population feels
that their land has become less produc-
tive. The most nesative responses come

Table 4.5
Perceived Changes in Soil Productivity

Lava ZND  BUB CP  TOTAL

% A A A py

Better 14 0 13 21 14
Sane 17 6 10 17 13
Werse 09 94 77 62 73

from the Zaire=iile
wiile conditions appear
in the Plateau rone.

Divide recion,
most positive

The reasons most  commentys  cited for
tncreased  or stable  praductivity are
the use of compost  (393) and improved

erosion control methods (2°7), [0 the

Buberuka region, erosion control is
rated a more important factor. The
principal reasons cited ftor declining

productivity reduced  fallow per-
ieds  (50%), erosion  (247)  and  the
perception  that  the soil is "tired"
(117%). Regional differecnces on this
point are ot stenilicant, al-
though residents of the 00 and the
Plateau cite erosion nore frequently,

are:

vory

Vith regard  te erocion and its con-
trol, regional Jdifllcrences cmerce (uite
clearly in resnonse to several aues-
tions. Asked whether sizns of erosion
were visible on their fields follovinn
a heavy rainfall, 23 ol Lioese {rom thn
ZiD responded ves. the TI'lateau and
Buberuka regions vere next  most affec—

ted (064 and 627, respectivelv), wvhile
only 48% of those from Uhe Lava zone
perceived erosion problems of this
order.

Virtually all farmers report using
some form of erosion control on at
least some of their fields. Of those
using a single wmethod (297), arass
hedgerows are cited as the preferrod
Lechnique by 697, The majority of

farmers, however, prefer o combination
ol hedgerows, infiltration ditches, and
terraces (in the broadest sense of the
term; not to be confused vith radical
terraces). Ihe hedaerow - teorracoe
combination is most prevalent in the
ZiD reaion, whereas infiltration ditch
combinations are more widespread  in
duberuka and the Centrai Plateau. A
surprising findinn is that (117 of al)
farmers report usinu trees s part of
their approach to ecrosion control on
fields. flost of the latter come from
Suberuka, though, where an azroforestry



extension effort has been underway for

several years.

Nearly two-thirds of the population
feel that their erosion control efforts

have a positive effect, with little
variation among regions. Among those
who experience failure, steepness of
slope 1is most commonly given as the
reason. This is especially true in the
ZND  zone, where 77% state that slope
conditions render their methods inef-
fective.  Slightly more than half of
those from Buberuka cite similar prob-
lems. One additional reason given for

erosion control failure is peculiar to
the Lava zone, where 297 of the farmers
report significant damage  to their
hedgerows by animals from the park.

project contribution
to the analysis of erosion problenms
involves cartographic methods. In this
approach, certain types of information
are ranked as risk factors for erosion,
then put into map form. These base
maps are then combined to make a final
map of high-risk erosion sites. This
is generally referred to as the Geogra-
phic Information System (GIS) approach.

The final @ RRAM

GIS analysis of erosion
risk sites would involve mapping of
information on several key variables:
soil types, slope, rainfall, vegetation
cover, and population density. Given
current gaps in the available data
base, however, the RRAM GIS uses a more

A complete

limited set of variables. Slope and
general soil surface characteristics
are combined to first make a map of

natural erosion risks, then population
density data are applied to arrive at a
final map of theoretical erosion risks.

Figure 4.1 shows the Ruhengeri pre-
fecture broken down into six general
slope categories: (1) ««%; (2) 2 to
<7.5%; (3) 7.5 to <15%; (4) 15 to <30%;
(5) 30 to <060%; and (6) more than 60%.
As these categories are derived from
the topographic map in Chapter 2, it
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should be recognized that they repre-
sent general groupings within a range,
They are nevertheless suificient for
the purposes of this analysis, and
serve to identify the major areas at
risk due to a high slope factor.

Lacking a suitable soils
tive soil erodabilitcy
derived from lithologic
Figure 2.6 in Chapter
silt:clay ratios, and
tions. Thus, until
classification map 1is ready, the re-
sulting categories permit a first
approximation of different soil forma-
tions' susceptibility to erosion:

map, rela-
values were
factors (see
2), general
field observa-
the new soils

1. Low Risk: Those areas covered by
the Virunga lava flow;

2. Medium Risk: Soils evolved primar-
ily from quartzite;

3. High Risk: Soils evolved primarily
from substrata of mixed
schist and granite;

4. Very lligh Risk: Soils evolved from
sranite.

The combination of slope and soil
characteristics produces a map of
Natural Erosion Risks (Figure 4.2)

based on the following matrix:

Natural Risk = Slope + Soil Value

Very Low = (1,1)(2,1)(1,2

Low = (3,1)(4,1)(2,2)(2,3)(3,2
(1,3)(1,4)

Medium = (5,1)(4,2)(3,3)(2,4)

High = (6,1)(5,2)(6,2)(4,3)(3,4)
(4,4) M

Very High = (5,3)(6,3)(5,4)(6,4)

e
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The Natural Frosion Risk map high-
lights three areas with potentially
serious problems: almost the entire
Zaire-dile Divide region, most of Ndusu
and lyarutovu communes in the Central
Plateau, and the belt of schist-quartz
ridges vhich  surrounds the lugezi
depression. [f the gpeneral rainfall
figures presented in Chapter 2 were
considered, this factor would provably
accentuate erosion risks in the first
twvo areas, and serve as a moderating

11fluence in the eastern Buberuk
region,

Phyvsical characteristics alone,
however, do not represent tue entire
range of ecrosion risk factors. Land
use factors are also extremely impor-
‘tant. As described in earlier sec-
tions, onlv. two areas in  RQuhenzeri
remain in more or Jless natural condi-

tion: the Volcanoes Park and the Rugezi

Marsh. The former is aenerally pro-
tected by its dense vegetation cover

(although landslides do occur on its
steepest  slopes), while the latter is
protected by both its vegetation and
minimal slope. Jeyond these airecas,
however, the landscape has been trans-

formed by human activities and agricul~
ture is the predominant form of land
use.

Despite certain regional differences
with regard to crop selection, the
agricultural landscape is also rela-
tively homonencous. lor this reason,
population density was selected as a
primary indicator of human impact on
the land for the RRAM GIS analvsis. As
can be scen in Figure 4.3, this popula-
tion has its highest concentrations 1in
the central part of the prefecture,
witi additional pockets of high density
in the eastern Lava zone and northwes-
tern Buberuka.

The combination of population density

with the factors of slope and soil
erodability produces the final map of
Theoretical Erosion Risks in the GIS
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series (Tigure 4.4). This map shares
several similarities with that of
natural erosion risk, Lut is nalso
different in  certain important ro-
spects.  The major part of the Znire-
dile Divide remains a hich risk aren,
as does the vestern edue of the I"latenu
region. In Suberuka, however, the
population factor brings most orf the
land to the west and south nf Lake
Ruhondo, plus the area  nartheast of
Lal: Bulera, into this highest risk

categery. A similar chanae also occurs
on the southeastern {lank of t. Jivha-
bura in the Lava zone.

Conclusions.

potentially  wore
The avera-zn

Ruhenseri has =«
serious erosion problem.
soil loss of 13.3 T/ha/vr, as deter-
mined by the Aariculturn] Survey, is
considered to e a preliminary -- and
quite conservative —-- f[ioure by those
responsible fnr the study, It is
virtually certain that erosion monitor-
ing trials now underwvay in different
parts of the coutnry, includina Ruhen-
seri, will reveal hicher losses.

In addition, erosion risks are not
homogeneous across the nrefecture. The
Zaire-Nile Divide region is clearlv at
highest risk, followed by nmajor parts
of Duberuka and the Central Plateau.
Within these reaions, those
steep slopes, pnor sojl structures,
nigh population densitics and a predom-
inance of certain crops  have sianifi-
cantly higher soil losses. The Aori-
cultural Survey finding of hiah erosion
rates in the Lava =zone appears to
contradict other indicators of lower
risk in this particular area. Yet
there is general agreement  that quali-
tative soil degradation, as seen in
declining productivity, is as serious a
problem in the Lava zone as in others,

b J
With regard to soil desradation, it
should also be remembered that the

majority of Ruhengeri farmlands have

areas with

)



been in almost constant cultivation for
more than 20 years; that fallow periods
have been reduced or eliminated in most
areas; and that inputs of fertilizer
and  orcanic macter  are  inadequate,
Mder  these conditions, it is not
surprising that tfour out of every [ive
farmers report declining productivity
on their lands: a subjective measure
for sure, but one which perhaps best
reflects the current state of affairs.

A final conclusion 1is based upon
consideration of the diverse conditions
described above and the f{act that
Rwanda dees not have the means to
attack the soil problem at all levels
in an  optimal manner. Given this
situation, a triage approach to the
problem may be appropriate.

The practice of ctriage, developed
under wartime conditions, calls for the
differential treatment of the injured.
Those with  minor injuries vwvho are
likely to survive without assistance,
and those with critical wounds who are
likely to die no matter what, are left
untreated S0 that limited medical
resources can be directed toward those
wvho will respond most positively to
their use.

In Ruhengeri, as elsewhere in Rwanda,
the government has declared war on soil
erosion; vyet it has limited resources
at its disposal to deal with the prob-
lem. Under these conditions, a modi-
fied triage approach is required, in
wvhich no areas are totally abandonned,
but priority attention 1is given to
those sites where the trade-off between
potential and risk is such that protec-
tive benefits are optimized. The
details of such an approach, as well as
other recommendations, are presented in
the final section below.

Recommendations.

Action is required at three different
levels to deal more effectively with
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soil erosion and degradation problems
in Ruhengeri. This includes improved
methodologies for conceptualization,
analysis and planning; applicd research
to provide essential information vhere
it 1s lackina; and action to be taken
immediatelv, based on the best avail-
able knowledge of field conditions.

Methods.

l. A modified form of the triage
system should be applied to problems of
s0il erosion and degradation. To this
end, the limited resources available
for analysis and manazement should be
first applied to those areas vwhere
serious problems have been identified,

vet the potential remains [or correc-
tive action.
Tn Ruhengeri, this means that both

research and erosion control activities
should focus primarily on arable lands
wvhere there are steep slopes (between
20 and 60 percent) and a combination of
the following factors: soils with a
high susceptibility to erosion; high
population densities; and/or crop mixes
which include a high percentage of
erosion-prone cultures. The likely
result of this approach will be a focus
on the ZID region and other high-risk
areas of DBuberuka and the Central
Plateau. Yet attention mnust also be
aiven to the ccological nicro-zones
described in Chapter Tuvo. U'nder this
zonation scheme, ridgetops and the
upper slopes of most hills should come
under more strict management practices
than lower slopes and vallevs.

The triage approach does not mean
that other areas should be abandonned.
For those areas or sites with lowver
risk ratings, a certain wminimum effort
must continue to assure that they
remain productive. As for_high-risk
(more than 607 slopes) or already
degraded sites, alternative land uses
such as forestry should be mandated.



2.  The Geographic Information System
approach should be used for the prelim-
inary determination of priority erosion
control sites, These sites must still
be examined in the field. but the GIS
analysis can help to focus attention on
potentially high risk areas.

The iimited GIS developed by the RRAM
project has demonstrated considerable
potential for analysis and planning
purposes, despite a serious lack of
data. As additional information be-
comes available, however, it can be
readily integrated into the existing
GIS structure. The use of computer
technologies in this regard can also
greatly increase the speed and facility
with which this updating and modifica-
tion can be carried out (for a more
complete description and presentation
of the computerized GIS program uased by
the RRAM project, see Appendix I). A
final advantage of the GIS appreach is
the cartouraphic format of its pro-
ducts., ‘laps are currently underutili-
zed in Rvanda. Yet they have a proven
value as tools which permit resourze
managers to rapidly visualize and
understand a given situation and fu
plan appropriate action within a spa-
tial context.

Research,

3. Some of the most important research
for improved understanding of soils and
their erosion potential has recently
been completed by the National Soils
Classification  and Mapping project.
When this informaticn becomes avail-
able, it should be incorporated into
the GIS data base. The same applies to
the new topographic map of Rwanda,
which will permit more refined and
precise slope calculations.

4,

If the new

tner than

30ils map goes no fur-
classification, then addi-
tional research will be required to
determine  soil erodability values.
These can be determined from analyses
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of sand content, organic soil

structure and permeability,

matter,

5. New sources of remote sensine
information must he acquired and an-
alyzed as soon as possiblo. The exist-
ing aerial photos are at ieast 7 vears
old and no longer reflect the reality
of field conditions. The major uses of
new imagery would be: 1) a rapid and
accurate quantification of the extent
of the current erosion control effort
(thus reducing much of the work now

done by the Prefectoral Commissions);
2) the 1identification and classifica-
tion of current erosion sites; and 2)

the production of a land use map which
would both reflect current conditions
and permit an anlysis of changes since
the 1978 - 1980 yperiod covered by the
RRAM mapping effort.

The best source of this information
would be a new set of 1:20,000 aerial
photos from low level overflights.

Satellite imagery should not be ruled
out, though, despite certain nroblems
of cloud cover and <cale. 1In partic-
ular, such imagerv can be obtaiunsg
obtained more quickly and cheaply than
traditional aerial photns.

6. Additional information is also
required from field studies. W%hile the
pilot Soil Loss survey las provided
some useful preliminary information, it
is still true that far too little is
known about the nature and scale of
erosion in Rwanda. The best wayv to
obtain this information 1is to measure
soil losses under a variety of field
conditions.

be made at two
monitoring of

Such measures should
scales: large-scale
sediment transport within watersheds
and more localized measures of soil
losses from individual fields or other
specific sites. The  fofmer would
permit gross quantification of soil
loads carried by rivers and essentially
lost from the agricultural system. If



sufficient care 1is taken in the selec-
tion of representative watersheds, then
results from one site could bLe extrapo-

lated o other areas with similar
characteriztics., 'nder  the  best of
conditions, nowever, tilis  aponroach
would not  be ol umuch help to determine
the specific sources of the measureid

sediment.

For this
micro-scale
tial. These
of so0il traps

nore specific information,
{ield measures are essen-

require the installation
under a varicty of condi-
tions (e.z. different sloves, land
uses, ecrosion control systems, ctc.).
A great advantage of this approach is
rthat it permits the modification of
certain variables, such as different
erosion control technicques and spac-
in2s, over tiue to assess their rela-
tive effectiveness. There are also
disadvantages in that the measures must
be made at multiple sites over several
seasons. Vet the information to be
gained 1is ol such critical importance
as to warrant the expense ol both tine
and effort.

Action,

. The
vement

erosion control and soil im-
pro campaigns conducted by the
government over recent years have had
an overall  beneficial effect. Yet
certain practices, such as infiltration

~1

-
i

ditches, have proven to be counter-
productive on high-risk sites, while
others have not been fully eifective
due to their inappropriate installa-
tion, spacing and maintenance. To

improve this situation, the following
guidelines are recommended:

- Combinations of physical and bio-
logical  techniques offer the best
possibility of  success in erosion
control. Progressive lerrace formation
structures sinould thus be reinforced
with solid rows of permanent vegetation
cover (ideally a mix of grasses, shrubs
and trees);
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- illuch more attention nust be given
to the maintenance of both phvsical and
biolozical erosion control structures
if they are to be fully ciicctive:

- The width and spacing (vercical
intervals) of erosion crntrel struc—
tures should vary in relation te the
slope;

- tlulehing, compostina, mixed crop-
ping and cultivation along contour
lines should continue to be encouraned,
as these practices both inhilbit erosion
and improve soil qualities;

- Infiltration ditches  should be
discouraged oun steep and unstable
slopes.

o. Agroforestry techniques should be
vigorously promoted as a kev element in
intensified erosion control in those
areas identified as nigh risk sites.
These techniques should be modified in
the following wavs in relotion to

degree ol risk:

- Yoody shrubs and
species should be wmixed with arasses
along contour lines in all moderate to
high risk areas. This should result in
increased stability due to deeper root
structure, nitrogen-fixzation ({rom

appropriate tree

leguminous species), improved organic
content 1in soil from leaf-{all, and
increased wood or other secondary
products (see Chapter 3 for a more
complete description  of this tech-
nique);

- In areas with very steen slopes vet
established farming populations (espe-
cially in the Z! region), more com-
plete mixing and rotation of trees and
crops, alonz the lines ol the taunaya
system, should Dbe tried as an altern-
ative to tne conversion of farmlands to
forestry. -

9. Reforestation is the most appropri-
ate corrective action to be taken on



risk and already degraded

include ridgetops, gul-
lies, landslide sites where some soil
remains, roadsides, and  abandonned
mining sites., Lew approaches  are
required in this effort, however, uwhich
emphasize the establishment oi more
complete ground cover (nrasses, shrubs)
and the wuse of tree species which
promote soll conservation objectives.
In the particular case of roadsides, it
is absolutely essential that spills be
recolonized with arass and shrub cover
as soon as possivle after construction
activities are conpleted.

the highest
sites. These

10, Stream ban't erosion appears to be
on the increase in all parts -of the
prefecture as a result of the removal
of riparian veasetation and subsequent
cultivation richt up to the stream

edae., A crosion control zone of at
least 3 wnmeters should be established
along each side of all waterwavs.

Cultivation within this zone should be
forbidden in favor of re-establishing
around vegetation and tree cover. In
the particular case ol torrential
erosion in the lava zone, this approach
will have o be reinforced by the use
of gabions to halt extreme bank de-
struction in certain areas (e.g. in
Ninigi, where the Rwebeya

threatens to
cut the commune's principal road in
tvo).

11. Specific soil conservation and
management puidelines should be devel-
oped for the FRuhenzeri prefecture,
based upon existing information, as
well as that vhich can be derived (rom
the preceding recommendations. These
guidelines should be presented as a
series of {lexible options which are
adapted to specific site conditions and
which can be understood, accepted and
implemented by the rural population.

12. Expanded and
education are
coherent and
control strateqy.

improved trainine and
required to implement a
comprehensive erosion
This effort must aim
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at three critical levels: advanced
training of central government planners
and technicians who establish policies;
both Dbasic and c¢vclical trainineg of
those field technicians in  the prefec-
tures and comnunes wivo must aversee the
implementaticn ol these stratecics: and
the development of appropriate exten-
sion education provrams for the seneral
public which should be the primary
executor and beneficiary of an improved
erosion control progran.



CHAPTER FIVE: FORESTRY

For rural populations in developing
countries, trees are g critical re-
source. Their vprimary use is as fuel-

wood for cooking, while
essential for

they are also
195t construction needs,

In addition, trees orovide several
important tertiary products such as
medicines, Jdyes, rope, utensils, and
food for people and animals. Lastly,
trees play very iaportant roles in the
maintenance of  ecological stability
through their reduction of erosion,
their vetantion of exces vater, and

their contribution of orzanic matter to
soils.

The peonlz of Rwanda and their lead-
ers are highly aware of the wvalue of
trees and have made major efforts to
protect r=miant natural forests and to
reforest formerly doenuded areas. Yet
the 1information nccessary for better
planning  and managemen in this re-
source sactor 1s  seriously deficient.
General estimates have been made of
wood supply and demand at the national
level; but these suffer from questions
about their completeness and accuracy
-— and they provide little help for an
analysis of conditions within a more
restricted ragion such as the prefec-
ture of Ruhenperi.

B
&)
R

Sufficient information Jdoes exist,
however, to iadicate that Ruhengeri
faces a potentially serious wood short-
age problem due to population growth
and land use conflicts. The following

sections present an analysis of this
situation and  recomnendations  for
priority rescarch and intervention

actlivities.
Analysis.

Recent trends
very positive in
1985, the
nearly

Official Statistics.
in reforestation are
Ruheng.:ri. Between 1981 and

total area planted in trees
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doubled
according to

from 5,487 ha to 10,354 ha
official statistics from
the prefecture (Table 3.1). Of the
current total area, 4,355 ha (42%) are
in the Jorm of large plantations of at
least cne hectare and  up to a maximun
of 200 hectares. These ure prinarily
managed by the individual communes,
with private enterprises and the cen-
tral governnent owning significantly
smaller areas. Another 623 ha are
planted along the regional road net-
work. The majority of the total for-
ested area, however, consists of thous-
ands of much smiller private woodlots.
Eucalyptus snecies make up an estimated
907 of all trees currently growing in
the prefecturc; but this percentage has
dropped in recent years as cypress has
gained in popularity (23% of all trees
planted in 1984),

Unfortunately, official statistics do
not include any information on either
the standing volume nor the annual
grovth of Ruhengeri's forest resource
base. Taking consumption figures from
a national forest survey, it is none-
theless clear that the 10,353 ha cited
above do not come close to satisfying
current annual demand (see supply -
demand discussion below). Other sour-
ces of information, however, indicate
that these official totals underesti-
mate the true forest cover and wood
availability in the regpion.

Agricultural Survey. According to
the Agricultural Survey, there were
nearly 7,500 ha of small woodlots
(average size = 5.5 ares) on individual
farms in Ruhengeri in 1984, This
figure is triple that wgiven for the
same year in Table 5.1. Additional
information presented below supports
this higher figure, and the discrepancy
is best explained by past dependence on

inaccurate inventory techniques for
small woedlots and dispersed tree
clusters. Large plantations did not

figure in the Survey analysis.

-
So -



Addicicnal Survey data on  snall
woodlots indicite that these occupy
more than 70. of the 10,500 ha of
non-cultivated rfields in the prefec-
ture, This percentage is more than

double the rational average, indicating
the hizh value chat  the populition of
Runenyeri places  e¢a Lroees, It also
velects the licio of siternarive nublic
sources o wood for domestic consump-
tion.

Due to the linmited sample size of the
Agricultural Survey, it is difficult
and danierous to use their Jata for
analvsis of conditions within sub-
ragions ol tie  prefecture. Tt is

revealiang, faovever, to note certain
regional dilferences which appear from
such  an  analysis. In particular, the
_Lava zone appears to  have the higzhest
vercentaze  {145.0%) of fields in vood-
lots, followed Ly the Central Plateau
(10.150), Buberuica (5.172) and the Zaire-
dile Divilde AT For the ZND,
Howev> this 1lcw fijure neverthelesc

UYL-uAtS aore  than 997 of the uncul-
t1v1cad lond i that ecozona,

RRAM  Project. Thrae different types
ol forest resource studies were carried
out by thne 2RRML project: an aerial
photo assessnent of tree cover, sample
field me2asures of standing volume and
HrouLh, and a survey of rural percep-
tions oi the forestry situation. These
studies provide some of the iaforamation
needed cto  f£ill certain 3aps, but also
raise alilitional juestions for further
investization,

aerial photo analysis

The aerial photo analysis covers the
period up to 1980, the latest Jdate for
which imagery is available. ‘leasures
were made of all  forest plantations of
more than one hectare, dispersed tree
clusters of <1 ha, 2nd linear forma-
tions along roads and rivers. Results
of this analysis indicate that more
than tvo  and cne-half times the offi-
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cially reported area was under forest

cover as of 1980.

A1l forest surfaces larger than 1 ha
vere identified from acerial photos and
mapped at a  scale of 11130, 200 (see
Fizure 5.1 for a sampla fros che sout
ern  part  of  the  prefazzure).
vere  divided into thr: ootedories

ccording to crovn cover:

-~
[0

lov = 20 - 50 covoer
medium = 51 - 707 cover
high = > 70% cover.

The total area covered by cuch large
plantations was found to H2 9,630 ha
(Table 5.2). tven if the low density
area is halved to refloct its lower
standing volume, the correcced tstal of
8,415 ha remains more than Jcuble the
3,992 ha reported in Tablz 5.1.

Similarly, calculations of linear
treo formations (mostly vn]i ide plan-
tations plus a faw
vere made by converting 1
aerial photos tn equivalent hec
The results shov a total »¢ 337 ha of

Y‘3~

such formations across the prefacture
This, too, is siznificantly greater
than the reported figure of 170 ha for

1980.

Finally, disperse:d tree weasures vere
also made from the aerial photo analy-
sis. These involved the rouping of
all visible trees, not :lready counted
as plantatlonb or linear foraations,
into three  density cateariss  and
subsejquent extrapolation «of 2quivalent
forested areas per w2, as 7ollows:

low density = 1.5 ha/iam2
medium density = 7.3 ha/kum?2
high density = 195 ha/ln2.

The result of this calculation i3 a
total of 5,542 ha of jpredominantly
small woodlots and isolated trees: an
increase of 4197 over reported figures
for the same period.



Table 5.1

Evolution of Forest Cover in Ruhengeri

1980 - 1985
(in ha)

Large Roadside Small
Year Plantations Plantations Woodlots Total
1980 3,992 170 1,325 5,487
1981 3,838 170 1,379 5,387
1982 3,991 201 1,458 5,650
i983 3,997 244 2,385 6,626
1984 4,474 356 2,532 7,362
1985 4,358 629 5,367 10,354

Source: Official statistics of

Ruhengeri Prefecture
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Table 5.2
Forest Plantation Areas by Agroecological Zone
(includes only forested areas larger than 1 ha)

AGROECOLOGICAL LOW DENSITY MEDIUM DENSITY HIGH DENSITY TOTAL 3
ZONES FOREST (ha) FOREST (ha) FOREST (ha) FOREST AREA

RN

ZAIRE-NILE DIVIDE 186 394 384 964 6.1
CENTRAL PLATEAU 1086 1316 990 3392 9.1
LAVA ZONE 501 762 820 2183 5.1
BUBERUKA HIGHLANDS 651 1098 1342 3091 6.3

<RAND TOTALS 2424 3570 3636 9630 5.7

Source: RRAM Project land use analysis of
1978 - 1980 aerial photography
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The aerial photo analyses also permit
the determination of regional differ-
ences within the prefecture, at least
as of 1980. Thus, a much higher con-
centration of large plantations appears
in the Plateau region (9.1%), whereas
the lava zone has the least coverage of
this kind. On the other hand, it is in
the Lava =zone that the highest concen-
tration of trees in small woodlots is
found -- a finding which supports that
¢ the Agricultural Survey. Linear
formations appear to be the most evenly
distributed across the prefecture. The
spatial distribution of plantations and
woodlots is presented in Tigures 5.2
and 5.3 in computerized map format.

wood resources inventory

In order to calculate the available
supply of wood resources in Ruhengeri,
the RRAM project also carried out an
inventory of both standing volume and
annual growth in various tree forma-
tions. More than 40 plantations and
100 other sites were sampled on a
systematic basis (see T. Weber, 1986,
for methodology) to provide this infor-
mation.

Selected results of the wood re-
sources 1inventory are presented in
Table 5.3. Small private woodlots
emerge as the most productive interms

of both standing volume (200 m3/ha) and
annual growth (12.6 m3/ha/year). These
are followed by larger plantations, for
which volume and growth averages were
calculated to be 168 m3/ha and 8.7
m3/ha/yr, respectively. Linear forma-
tions were found to have the lowest
volume and growth rates.

however, these
extrapolated to
of the prefec-
demand factors
and per capita
calculations are
Supply and Demand

To have any meaning,
figures must be first
the total forested area
ture, then set against
of total population
consumption. These
presented in the
section below.

40

Table 5.3

Standing Volume and Growth
in Woodlots and Plantations

Volume Growth
Category (m3/ha) (m3/ha/year)
Plantations 167.7 8.7
Individual
woodlots 199.9 12.6
Roadside
plantations 130.4 6.9

Source: RRAM inventory with volume
tables from D-G Forestry

public perceptions

The third RRAM activity related to
forestry issues was the project's
survey of popular attitudes and percep-
tions. Selected results from this

survey are presented in Table 5.4,

Most rural households (83%) in Ruhen-
geri have a small woodlot on their
property, with little variation across
regions. Fewer than half (447) of
these woodlots, however, are able to
fully satisfy the family's needs. This
is especially true in the Plateau and
Zaire-Nile Divide zones, where only 29%
and 30%2 cf those surveyed perceived
their woodlots to be sufficient.
Self-sufficiency in wood was raported
by 57% of all households in the Lava
zone, In addition, more than three-
fourths of those surveyed reported
isolated trees elsewhere on their
property. A list of these predominant-
ly native species is presenteq‘in Table
5.5.

Slightly more than 607 of all fami-
lies planted trees on their own land in
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Table 5.4

Responses to Wound Resources Survey
by Ecczcne (n=660)

Lava Zaire-Nile Buberuka Plateau TOTAL
(%) Divide (%) (%) (%) (%)
1. Do you have a family woodlot on your land?
Yes 81.8 91.3 79.9 86.9 83.4
No 18.2 8.7 20.1 13.1 16.6
2, 1Is woodlot sufficient for family needs?
Yes 57.4 35.7 46.8 28.9 43.6
No 42.6 64.3 53.2 71.1 56.4
3. TFamilies with isolated trees on land:
63.6 62.9 76.2 94.5 76.3
4. Families which planted trees on own land in 1985:
53.0 74.2 62.6 62.3 650.7
5. Species planted*:
Eucalyptus 75.2 95.6 89.5 - 70.2 80.9
Cypress 39.0 47.8 20.1 - 32.5 31.8
Fruit trees 20.9 4.4 17.9 24,5 19.0
Grevilea 0 2.2 13.4 6.1 6.5
6. Principal sources of firewooud*:
Family
woodlot 73.7 80.7 74.8 79.8 76.5
Gathering 28.2 14,6 46.7 26,2 32.4
Purchase 25,7 25.9 19.7 30.0
7. Gther sources of energy*:
Banana
leaves 4.5 0 19.2 4.4 8.9
Sorghum/
corn stalks 6.6 6.4 1.9 1.6 3.6
Shrubs 3.0 0 6.1 2.2 3.6
Reeds 0.5 1.6 2.3 6.6 2.9
Bamboo 5.6 0 0.5 0 1.8
Charcoal 4.5 1.6 0 0.5 1.7

* Includes multiple responses



Table 5.5

Native Tree Species Found in Agricultural Areas
in Ruhengeri Prefecture

Local names

Scientific names

Umuvumu Ficus spp. *

Umurehe Ficus vallis-choudae
Umwongo Polyscias fulva

Umukore Dombeya goetzenii
Umugano Arundinaria alpina *
Umusave Markhamia platycalyx
Umuko Erythrina abyssinica
Umuhati Dracaena afromontana *
Umuravumba Iboza riparia *
Umubilizi Vernonia amygdalina
Umucundura Erythrococca fisheri *
Umwumba Prunus africana
Umuzibaziba Mitragyna rubrostipulosa
Umuhanga Kotschya strigosa
Umuhondohondo Dracacna steudeneri *
Umusene Dasylepsis racemosa
Umubonobono Ricinus communis
Umushishi Symphonia globulifera
Umushwati Carapa grandiflora
Umnushayishayi Harungana montana
Umusckera Macaranga neomildbraedina
Umutagara Senecio manii *
Umutobotobo Solanum aculeastrum
Umuyogera Crotolaria spp.

Umuyoka Cassia occidentalis
Umuyenzi Euphorbia tirucalli *
Umusibya Apodytes dimidiata
Umuduha Euphorbia candelabrum *
Umufatangwe Caesalpinia decapetala

Umuhonobono
Umuhulizi

Croton macrostachyus
Podocarpus milanjianus

Umuhumuro Maesopsis eminii
Intomvu Lobelia giberroa
Umugeshi Hagenia abyssinica
Umukoni Synadenium grantii
Umukoli Markhamia obtusifclia

* multiplication by cuttings; all others by seed



1985, Farmers in the ZND region were
most active 1in this regard, while only
53% participated in the Lava zone. The
vast majority (81%) of these trees were
Eucalyptus species, followed by cypress
(32%), fruit trees (19%) and Grevilea
(6.5%). The latter two categories were
least common in the ZND, while Grevilea
was planted more frequently 1in Buberu-
ka, where a USAID project was promoting
its use.

Asked to name their principal sources
of firewood, 77% of all respondants
listed their family woodlot first, with
little variation across regions.
Nearly one-third of all households
reported gathering dead wood and other
plant matter (with a high of 47% in
Buberuka versus 15% in the ZND), while
25% said that .they sometimes needed to
purchase fuelwood. Among other sources
of combustible energy, banana leaves
were most commonly cited, especially in
Buberuka (197). Sorghum and corn
stalks were preferred 1in the ZND and
Lava zones, bamboo in the Lava zone,
and reeds in the Plateau region.
Charcoal purchases were reported by
nearly 5% of all families in the Lava
zone.

species for all uses
Table 5.4.
the list with

Preferred tree
are also presented in
Eucalyptus again heads
58%, followed by cypress (34%) and
various fruit trees (26%). The native
species Markhamia (umusave) is consid-
ered desireable by 17%, with a higher
percertage in Buberuka where its trunk
is valued for dugout canoe construc-
tion. Grevilia, Cedrella and Ficus
species were also more commonly cited
in Buberuka, while cypress and pine
ranked highest in the ZND. Two other
plant species were also cited as impor-
tant within certain regions: bamboo in
the Lava zone and reeds in Buberuka.

Supply and Demand.
of Ruhengeri's wood
within its

The vast majority
supply comes from
prefectural beundaries. To
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quantify this supply, however, requires
reasonably precise estimates of the
current forested area, as well as its
standing volume and annual growth,

The current forested area of Ruhen-
geri 1is «certainly ygreater than indi-
cated by official statistics. This

conclusion is supported by complementa-
ry findings from both the National
Agricultural Survey and the KRAM aecrial
photo analysis., Problems arise, how-
ever, from the fact that the former was

limited to on-farm woodlots, while the
latter was based on imagery from 1980.
Certain extrapolations from combined

information sources can nevertheless
be made.

Accepting the RR/YM photo analysis as
reasonably accurate, there were 14,495
ha of forested land (not counting the
park) in Ruhengeri in 1980. This total
included 5,542 ha of dispersed trees,
primarily in small woodlots. As of
1984, the Agricultutal Survey deter-
mined that such woodlots covered a
total of 7,498 ha. This represents an
increase of 1,956 ha over four years,
or an average annual increase of 8.87.
Using a more conservative rate of 5%
for the following two years, one ar-
rives at a total of 8,267 ha in 1986.

Extrapolations for large plantations

and linear (roadside) formations are
less certain, as they lack supportive
data from the agricultural survey.

Using results of the photo analysis as

a starting point, however, there were
8,416 ha of large plantations and 537
ha of 1linear formations in 1980.

According to official statistics (see
Table 5.1), an additionil 366 ha of
plantations and 459 ha of roadside

plantings were made over the following
five years. Assuming a continuation of
these trends, there were 8,855 ha of
plantations and 1,088 ha of* linear
formations in Ruhengeri in 1986.



Adding the small woodlot figures from
above, a total of 18,210 ha of current-
ly forested land 1is thus reached for
the entire prefecture  (Table 5.6).
This estimate appears to represent a
reasonable fisure for further calcula-
tions.

a national survey con-
Direction-General of
in 1982, per capita
wood products in Rwanda
m3  per year, more than
90% of which is used as firewood. 1f
this figure 15 applied to Ruhenperi,
then set avainst the production totals
above, a simple supply:demand ratio can
be established.

According to
ducted by the
Forests (DGF)
consumption of
averages 0.9]

Ruhengeri's 18,210 ha of forested
area contain 3,279,432 m3  of wood.

This represents a resource hase of five
m3 per person, or nearly six years of
supply (though it should Dbe noted that
the peneral population does not have
equal access to all of thesa forested
areas, especially  the laryer planta-
tions). Wood, however, is a renewable
resource and this standing volume
should be treated as the capital which
produces an annual increment which can
then b2 exploited on a recurrent bas-
is. TIf the capital 1is depleted, pro-
ductivity declines wuntil the entire
resource is consumed., It is therefore
the annual 3rowth, or the sustainable
yield, which 1is of interest to forest
managers and planners,

From Table 5.7, it can be scen that
the annual  growth from Ruhengeri's
forests now provides only 0.29 m3 per
person, or lass than one-third of the
current  demana. Certain hypotheses
could help to explain this apparently

large deficit. VFirst, people could be
exploiting the standing volume of the
region to make up the difference. This
would represent a total of 406,408 m3,

or the equivalent of 2,257 ha cleared
each year. Yet while some of the wood
capital 1is certainly being exploited
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region's older stands
should be cut to permit new growth and
greater productivity), there is no
evidence of such wilespread clearing at
this time.

(and many of the

A sccond explanation is that standing
volume and productivity are areater
than assumed. Standard volume tables
only consider the trunlk and do not
include branches which may represent 10
to 207 of the available wood. In
addition, these volume tables have not
yet been adapted for use in Ruhengeri,
where ecological conditinons may favor
greater growth. Furthermore, it 1is
certain that the people of Ruhenperi
use other plant matter in addition to
wood for making fires (although it
should be noted that this practice
contributes to declining soil fertil-
ity). And finally, per capita consumnp-
tion levels may be lowver than helieved.

All of the above wmay combine to
reflect 1 more positive supply:demand
ratio in the region at this time. As
shown in Table 5.7, thowever, simple
projections of population growth indi-
cate that the current forest resource
base will be totally inadequate to meet
future demands. If presently accepted
figures are accurate and conditions do
not change (sec Assumptions 1in Table
5.7), then one-half of all available
land in the prefecture would have to be
forested to provide the necessary wood,
on a sustained yield basis, for Ruhen-
geri's population in 1996. T1f one
projects conditions to a period 40
years from now, then every sjuare
centimeter of the prefecture would have
to be forested to satisfy the neceds of
2,000,000 people with no place to live
but the city of Ruhengeri.

This scenario will not
Some of the bhaseline data are almost
certainly inaccurate and cowrditions
inevitably change. Whether they change
for the better or the worse, however,
will depend on current efforts in

come to pass.



Table 5.6

Wood Supply and Productivity in Forested Areas
of Ruhengeri (1986)

Type Average Average Total Total
Forested Area Volume Growth Volume Growth
Area (ha) (m3/ha) (m3/ha/yr) {(m3) {(m3/yr)
Plantations 8,855 167.7 8.7 1,484,984 77,039
Wooclots €,267 1eg.@ 12.6 1,652,573 104,164
Linear

Plantations 1,088 130.4 6.9 141,873 7,507
TOTAL 18,210 180.1 10.4 3,279,432 188,710

Table 5.7

Wood Demand in Ruhengeri: Current and Projected

(1) Current
(2) Current
(3) Current
(4) Current

population growth rate (2.9%) unchanged. -
forested area and annual growth (10.4m3/ha) unchanged.
per capita consumption (0.91 m3/yr) unchanged.

annual growth and per capita consumption unchanged.

(2) (3)
Current Available Required (4)
Forested Annual Annual Required
(1) Area(ha) Growth Growth Forested
Year Population (1986) (m3/pc) (m3/yr) Area (ha)
1986 655,407 18,210 0.29 596,502 57,356
1996 872,418 18,210 0.22 793,900 76,337
2006 1,161,123 1€,210 0.16 1,056,622 10.,598
2016 1,501,815 18,210 0.13 1,366,652 131,409
2026 1,298,805 18,210 0.09 1,818,¢13 174,895
Assumptions:




the
and

managing population growth and
balance between wood production
consumption.

Conclusions.

Current  reforestation efforts 1in
Ruhengeri have resulted in a signifi-
cant 1increase in the total forested
area over recent years. In fact, this
area appears to be much larger than
currently indicited by official statis-
tics. In addition, the population of
Ruhengeri appears tc be convinced of
the value of trees, as indicated by
their willingness to plant woodlots on
their own farmland.

At the same time, extremely serious
problems remain. Even under the most
optimistic -scenarios, demand for wood

exceeds the current
And projected

resources probably
sustainable  supply.
population increases threaten to over-
whelm the region's capacity for wood
production. In addition, the current
emphasis on plantations and woodlots of
primarily FEucalyptus has resulted in
overdependence on a monoculture which
degrades the 350i! and excludes all
other uses, forcing a trade-off between
wood and food production. Alternative
tree species and planting techniques,
which permit complementary farming,
forestry and soil conservation prac-
tices, must be developed in order to
put the region's limited arable land
base to its best use,

Recommendations.
The preceding analysis demonstrates

the need _.or both additional applied
research and monitoring, as well as for

immediate action. Priority activities
in each of these areas are outlined
below.

Applied Research and Monitoring.

useful
that

1. The most
information to bhe

immediately
obtained 1is
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which only aerial or satellite imagery
can provide. The forestry situation
has changed considerably since the most
recent aerial photos were taken (1978 -
1980). The RRAI1 analysis from that
period fouid a  hishly significant
discrepanc: between officially reported
figures ani the extent of forest cover
visible on the photos. New imagery is
essential to update this information,
both for Ruhengeri and at the national
level. This would also permit analysis
of changes and trends since 1980.

Aerial photos at a secale of 1:20,000
(1:10,000 would be better, but consid-
erably more costly) are preferable to
satellite imazes due to their better
resolution of ground cover, especially
dispersed trees. Satellite images also
suffer from problems of cloud cover.
They can nevertheless b2 obtained more
quickly and cheaply than complete
aerial coverage and should be tried as

a rapid sampling and monitoring tech-
nique.

2. Systematic ground  sampling of
forest resources is an indispensible
complement to remuie sensing. Exten-
sive tree and stand measurements must

broad range of
to quantify

be carried out across a
sites and ecological zones

the available wood resource bhase.
Cutting, measuring and weighing an
adequate number of Jifferent tree

species, growing under different condi-
tions, is the only way to ohbtain more
accurate volume tables.

3. Market and consuner
required to obtain nmore

surveys are
information

about the value of and demand for wood
products. The RRAM survey indicated
that a significant proportion of the

population already pays for wood on at
least an occasional basis., This is an
essential step toward better management
of forest resources, ande improved
understanding of consumers' needs and
ability to pay would be very useful for
planning purposes. It would also te



to conduct additional
domestic and commercial wood consump-
tion studies to better estimate demand
for various wood products.

4, New tree species and planting
techniques must be tested as rapidly as

very helpful

possible to provide a broad range of
technology options to foresters and
farmers. This 1is especially critical

in the high elevation areas of Ruhenge-

ri, where ecological conditions limit
species selection to begin with, and
where little testing of species and

practices has been conduzted.

Emphasis for such trials should be
placed on trees with multiple, though
variable, attributes. Rapid growth is
definitely valued by most people, which
is one reason vhy eucalyptus remains a
preferred species.  Some other species
grovw nearly fast, however, and
improve the s0il while permitting
intercropping. Others may not grow as
fast, but favor the development of
undergrowth for grazing or soil stabil-
ization. Woody shrub species have also
been negplected, despite their useful-
ness in erosion control and the produc-
tion of wood, forage and other tertiary
products. To be used, however, they
must first Dbe tested and made avail-
able. Potentially valuable tree and
shrub species and their uses are listed
in Table 5.8.

as

Action.
5. Where  different  species  and
techniques have already been identi-

fied, these should be put into applica-
tion as rapidly as possible. This is
especially necessary in the area of
agroforestry. Expanded agroforestry
practices offer three important bene-
fits to the farmers of Ruhengeri: wood
production is increased without ceding
more land to woodlots and plantations;
erosion control is improved through the
planting of tree and shrub species
along with those grasses already used
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along contour lines; and the combina-
tion of nitrogen--fixation anl increased
organic matte:r from leaf-fall improves
soil quality.

Several tree species such as Sesban-~
ia, Grevillea, and Cedrela lave already
proven their value 1in alley cropping
trials 1in the Ruhengeri region. In
addition, native species of Markhamia,
Ficus and Polyscias have traditionally
been grown in both open fields and
banana plantations. Finally, popular
interest 1is growing in fruit trees
(avocado, guava, mountain  papaya,
etc.) for planting arouni household
compounds. All of these activities
shoud be encouraged and supported by
governinent policies, practices and
personnel.

5. Afforestation efforts on sites
that are 1inappropriate for apgriculture

must also be inproved and adapted to
local needs and objectives. Numerous
steep ridges, roadsides, gullies and

abandoned mine sites in Ruhengeri need
to be forested to both produce wood and
stabilize the soil. Yet the current
practice of planting monocultures of
Cucalyptus only satisfies the first of
these objectives. Plantations which
reproduce characteristics of a natural

forest, with its multiple tree layers
and extensive ground cover, are far
more likely to satisfy the required

multiple objectives.

High potential species for this kind
of afforestation include Acacia melan-
oxylon (Black Wattle), Alnus, Grevillea
and Ficus. For some gullies and ra-
vines, bamboo i3 also valuable for its
ability to stabilize steep slopes.
Ground cover plants (shrubs and gras-
ses) will develop naturally under the
tree species listed above, although the
process of colonization can be quick-
ened through direct planting.

7. Most of the existing 1&yge plant-—
ations in Ruhengeri need to be better

managed to assure higher productivity



and the satisfaction of multiple

needs., Conversion from current mono-
cultures to more diverse associations
of species, however, is difficult and
costly. In many cases, the roots of
Eucalyptus must be duz up to permit the
establishment of new species. This
effort should therefore be made on a
trial basis to determine costs and the
ability of communal populations to
provide the necessary labor. The tree
species cited above for afforestation
are also suitable for conversion pur-
poses, as are native species of Maesop-
sis, Albizia, Podocarpus and Polyscias.

8. The recommendations  made in
sections 4, 5, 6 and 7 require a great-
er diversity of species than has tradi-
tionally been planted in Ruhepgeri.
Seed sources for all of the cited trees
exist in Rwanda, but problems of pro-
duction and distribution have limited
their use.

should establish its own

for the species de-
In addition, the exist-

nurseries for tree
distribution should be
expanded and diversified to provide
increased access to a greater variety
of species. In this repard, private
nurseries should also be encouraged, in
which families produce trees which they
and their neighbors desire. This
emphasis on decentralized seed and tree
production would not only help support
the activities described above, but
could also help to generate rural
employment opportunities.

Ruhengeri
sources of soeds
scribed above,
ing network
production and

of

9. The usc of new species and tech-
niques also requires forestry personnel
with the neccessary training to under-
stand and apply them to conditions in
Ruhengeri. The current  number of
forest monitors in the prefecture is
insufficient, and many of them are not
well-informed about new approaches.
Training of new monitors and retraining
of the old 1is therefore an essential
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any effort to move fores-
in new directinns. 1In
technical information on
production and planting, the monitors
should also receive training in exten-
sion techniques. Aproforestry, in
particular, requires a flexible ap-
proach and a two-way exchange of infor-
mation to best match available technol-
ogies with individual farmers' needs.

component of
try practices
adaition to

10.  The communal forestry plans
proposed in the new National Forestry
Law represent an excellent means of

coordinating implementation of many of
the recommendations described above, as
well as others contained in the legis-
lation itself. The focus of these
plans, however, appears Lo be on the
management of larger plantations (4 ha
or more). While improved management of
these areas is essential, two important
points should Dbe remenbered: (1) the
majority of wood produced for domestic
consumption comes from much smaller
private woodlots; and (2) future expan-
sion of the reginn's forested area will
require the planting of thousands of
small areas (gullies, housechold enclo-
sures, rocky outcroppings, trails and
roadsides) which are currently unex-
ploited.

It is impractical to propose that
individual plans be developed for these
smaller areas. It is nevertheless
essential that communal forestry plans
include at least general guidelines for
improved managemnent of small woodlots
ard the optimal use of all available
space in the prefecture,

11.
alternatives

Urgent attention must be given to
to current energy use
practices. Successful implementation
of all of the above recommendations
will not guarantee that Ruhengeri will
be able to produce ecnough wood to
satisfy future demand. Nor ®will it
eliminate conflicts over alternative
land uses, especially for food produc—



tion, in the face of future population
increases.

Since 83% of the wood produced is
burned as fuel, significant gains can
be made by reducing this single demand
factor. A first step would be the use
of more efficient wood-burning stoves.
Numerous models of such stoves have
been tested in Rwanda, and their wide-
spread use  could definitely reduce
consumption by at least 10 - 20%.
Considerable progress has also been
made in the development of practical
and economical solar rookers in recent
years. Other options include the use
of kerosene, or even imported coal from
Zaire: both of which, however, would
entail increased costs to consumers and
the expense of precious foreign curren-
cy. Even wmore radical would be a
national program of rural electrifica-
tion. This would require not only
massive investment on the part of the
gnvernment and  foreign donors, but
would also require a total reorganiza-
tion of currently dispersed Rwandan
settlement patterns 1into more central-
ized villages and towns.

Radical ideas are needed to deal with
this situation, however. There will
always be a demand for trees; but the
burning of 8045 of them 1is a practice
that  cannot  contune ~ indefinitely.
Planning should therefore begin now for
a transition to alternative energy
sources.
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Table 5.8

RECOMMENDED AGROFORESTRY SPECIES BY USE

Production:

Fuel
Poles
Logs
Food
Fodder

Conservation-
Protection:

Organic Matter
Soil Nutrients

Live Fence
Borders

Roads, Trails
Waterways
On-farm erosion

control

Degraded Soils:

Medicinal Plants:

i ———

1400 - 1800 METERS

Eucalyptus, Cupressus, Callitus

Grevillea

Ficus, Markhamia, Grevillea, Erythrina cedrela

Avocado, Citrus, Cajanus, Guava

Ficus

Maesopsis, Grevillea, Albizia gummifera

Cedrela, Casuarina, Grevillia, Measopsis,
Alnus spp.

Euphorbia, Ficus, Morus alba, Caesalpina
decapitala

Markhamia, Erythrina, Cassia, Vernonia

Eucalyptus, Markhamia, Grevillea

Mitragyna rubrostipula, Cessia, Grevillea,
Alnus, Polycias fulva

Sesbania, Gliricidia, Tephrosia, Albizia
gummifera, Casuarina, also rruit trees,
Cajunus, Morus alba

Callitris, Acacia melanoxylon, A. mearnsii,
Alnus accuminata or nepalensis, Acacia
sieberiana, Entanda abyssinica




Table 5.8 (cont.)

RECOMMENDED AGROF(CRESTRY SPECTES BY USE
1800 - 2200 METERS

Production:

Fuel Eucalyptus, Cupressus,
Poles Polycias
Logs Croton, Ficus, Mitragyna, Newtonia,
Podocarpus
Food Mountain papava, Prunus japonica
Fodder Albizia, Ficus
Conservation-
Protection:

Organic Matter Alnus, Croton, Grevillea , Mitragyna,

Tephrosia

Soil Hutrients Alnus, MNewtonia

Live Fence Euphorbia

Borders Mitragyna, Grevillea

Roads, Trails Mitragyna, Gravillea

Waterways Mitragyna, Bamboo

On-farm erosion Cajanus, Sesbania

control
Degraded Soils: Alnus, Callitris, Cajanus, Acacia mearnsii

*Species of primary interest and proven value are underlined.



Table 5.8 (cont.)

RECOMMENDED AGROFORESTRY SPECIES BY USE
ABOVE 2200 METERS

_-__-.._.____—_—_—_—__-__..____.._..__..____-—_.____.._.__._....__.___.__..—-_-..—

Production:

Fuel Eucalyptus, Cupressus lusitanica, Pinus
patula
Poles Bamboo (Arundinaria alpina), Podocarpus
Logs Ficus, Dombea
Food Avocado, Citrus, Cajanus, Guava
Conservation-
Protection:

Organic Matter Newtonia, Dombea
Soil Nutrients Markhamia

Live Fence Euphorbia, Cupressus, Ficus, Solanum
aculeastrun

Borders Markhamia, Erythrina, Cassia, Vernonia

Roads, Trails Erythrina abyssinica

Waterways Mitragina, Arundinaria alpina, Alnus,

Newtonia buchananii
On-farm erosion Sesbania, Calliandra, Setaria sphacelata
control

*Species of primary interest and proven value are underlined.

Source: F. VWeber/ICRAF 1986.



CHAPTER SIX: WATER RESOURCES

Ruhenygeri is relatively rich in water
resources, us described in  Chapter
Two. The distribution of these resour-
ces is unequal, however, and several
important problems have arisen 1in
recent vyears with regard to their
effective management. The following
sections present an analysis of current
conditions and recommendations to deal
with the most urgent problems facing
the prefecture.

Analysis.

this analysis,
Ruhengeri are

For the purposes of
water resource issues in

divided 1into two categories. Those
which concern the use and modification
of water as it moves through the re-
gional hvdrologic network are consi-
dered to be resource management is-
sues. Thase which have to do with
domestic  consumption are treated as

water supply issues.

Water resource management. A schema-
tic profile ot the principal hydrologic
surface features  of the Ruhengeri
prefecture is presented in Figure 6.1.
[ts primary features include the Rugezi

Marsh and lakes Bulera and Ruhondo to
the east, and the Virunga vater catch-
ment zone in the northwest., Both

systems feed into the Hukungwa River,
which also drains most of the remainder
of the prefecture as it flows south to
Join the Nyabarongo. A detailed map of
the entire hvdrologic network of the
prefecture can be seen in Chapter Two,
Figure 2.7,

water balance
resources of the

and replenished
both plentiful

The surface water
region are maintained
by rainfall, which is
and regular (Tables 6.1 and 0.2; also
see Chapter Two). Uater balance equa-
tions for the four principal watersheds
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of the prefecture (Table 6.3) show that
the major part ol this precipitation is

recycled into the atmysphere throush
evapotranspiration. A small amount
infiltrates into grounlvater storage,

and the remainder is capiured as runoff

and flows through the surface water
system.

Some  significant differences and
potential anomalies appear from this
analysis of water balances. First,
evapotranspiration rates are  much
higher in the Rugezi and Llakes Basin
watersheds. This 1is normal for areas

with large bodies of standine water and
would, in fact, be hicher if it were
not for the low temperatures associated
with high elevation. he infiltration
rate of 7% in the Lower “Mukungwa system
is also noteworthy. While the Lava
Zone, which makes wup a major part of
this catchment area, is known for its
highly permeable soils, this finding
supports the Dbelief that most of this
infiltration reappears as surface flow
at lower elevations. The negative
infiltration rate for the Lakes Basin
is equally interesting, yet also easily
explained. In this case, infiltration
is represented by a drop in the water
volume of Lake Bulera. Since 1973,
water levels in this lake have averaged
1.5 meters lower than in previous
vears. This 1is primarily due to high
levels of production from the Ntaruka
hydroelectric station at Bulera's
outlet, which require higher discharge
rates (runoff) from the luke recervoir,

A final observation to be made f{rom
this water balance analysis concerns
recent rates of streamflow in the Lower
Mukungwa. As seen in Table 0.4, these
rates have increased considerably over
the past five years, Lhus increasing
the percentage of runoff assipned to
the entire wvatershed, Inaccurate
rainfall data, Jdue to an insufficient
number of measuring stations, could
partially explain this anomaly. Yet,
since precipitation and other stream-



Table 6.1
Average Monthly Rainfall -
(in millimeters)

Station Jan Feb Mar Apr Sep Oct Nov Year
Ruhonde 90.5 110.9 145.0 232.6 114.2 118.9 146.8 1306.0
Rwankeri 75.9 95.1 135.5 194.2 116.1 132.2 143.5 1251.4
Kinoni 76.6 98.3 128.7 152.1 114.7 134.0 132.7 1178.6
Nemba (Nord) 110.3 135.8 160.7 221.7 125.0 152,3 218.3 1552.6
Ruhengeri 79.3 102.1 145.5 199.0 115.3 153.1 150.7 1335.5
Karisoke 100.9 123.3 205.7 308.9 154.2 203.0 188.4 1c22.1

Séurce: National Meteorology Statistics

Table 6.2 '
Average Days of Rainfall

Station Jan Feb Mar Apr Sep Oct Nov Year
Ruhonde 10.5 11.9 13.7 18.5 11.7 14.0 16.2 135.4
Rwankeri 11.3 12.2 16.1 18.5 13.4 16.6 17.9 151.4
Kinoni 11.9 14.1 17.7 19.8 15.1 18.4 19.4 166.3
Hemba (Nord) 13.1 14.6 17.4 23.3 13.4 18.7 22.0 170.1
Ruhengeri 12.0 14.0 19.5 23.0 15.8 20.1 20.8 178.6
Kariscke , 18.7 18.1 26.5 28.1 21.5 25.2 26.5 254.1

Source: National Meteorological Statistics



Table 6.3

Water Balance Equations

in Four
Ruhengeri Watersheds

Rutezi Marsh

Precipitation
Runoff
Evapotranspiration
Infiltration

Lakes Bulera-Ruhondo

Precipitation
Runofft
Evapotranspiration
Infiltration

Lower !Hukungwa

Frecipitation
Runoff
Evapotranspiration
Infiltration

Cyohoha-Base

Precipitation
Runoff
Evapotranspiration
Infiltration

1,254
233
788
243

1,131
474
788
131

1,480
660
709
111

1,552
507
709
336

mm-

mm
mm

mm

mm

mm

mmn
mm

Source: Roark & Dickson/RRAM
Based on official rainfall data
from the Ruhunde,

hengeri and

streamflov data

Rwaza, Ngaru
stations for

1985.

Kinoni,
Nemba stations, and

1007
187%
637
197

100%
423
70%

-127%

1007
457
487

77

100%
33%
407

217

1986

Ru-

from the Rusumo,

and
the

Rwerere
period 1973 -

Sud
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flow levels were uniformly lower across
the prefecture during this period, this

seems  unlikely. Another  possible
explanation is that conditions at the
Ngaru measuring  site have changed
(e.g. the river bed has risen or the

guage itself may be damaged), vithout
anyone taking note. Tf this turns out
not to be the case, then a third, and
more disturbing, possibility becomes
more likely: that the measures accur-
ately reflect increased runoff due to
radically  changed landusec practices
(wetlands drainage, deforestation,
inadequate soil and water conservation
practices on farmlands) throughout the
watershed. In this vcase, seasonal
fluctuations would be more oxtreme and
the risk of serious flooding would
increase significantly.

The water balance equations presented
above are based on extrapolations and
generalizations from limited informa-
tion sources. An enlarged necwork of
hydro-climatological ronitoring sta-
tions would permit more precise caicu-
lations. Given the possibility that
water 1s moving more quickly through
the regional hydrologic system as a
result of extensive changes in landuse,
such information could be extremely
valuable.

wetlands and bottomlands

Climate and geomorphology combine in
Ruhengeri to favor the presence of
wetlands (characterized by permanent
standing vater) and bottomlands (valley
formations characterized by high soil
moisture content and subject to season~
al flooding). These areas represent an
important resource with multiple val-
ues. In their natural state, they
regulate water flow by absorbing excess
runoff in their soil and vegetation,
ther. gradually releasing &his water
during times of ebb flow. [n addition,
natural  wetlands provide critical
habitat for the rich diversity of water
birds found in Rwanda.

o}



Table 6.4
Annual Stream Flow
(cubic meters per second)
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Mukungwa River Mukungwa River Rugesi River Cyohoha/Base Rivers
Year Ngaru Station Rwaza Station Rusomo Station Base Station
1985 50,98* 7.59* 1.08* 2.24*
1984 40,35 7,02 1.01 -
1983 44 .85 -- 1.24 1.62
1982 45,82 -= 1.14 -
1981 38.39 10,36 1.23 2.46
1980 26.15 -= 1,16 1.68
1979 -= 9.21 1.27 2.78
1978 17.03 8.85 2,39* 2.41
1977 18.98 9.86 1.42 2.20*
1976 21,57 9.03 1.14 1.47
1975 23.10 9.07 1.54 1.96
1974 30.24 - 1,52 1.96
1873 28,27 8.17 1.15 2.22
1972 - 7.41 1.64 3.93
1971 - 7.70 1.27 3.76
1976 - 6.88 0.96* --
1969 - 6.94 --= -
1968 - 6.94 - 5.49
1967 - -~ - 4.40
1966 - - 0.99 4.15
1965 - -- - --
1964 - --= 0.99 --
1963 - -- 1.87* -
1962 - - -~ -
1961 - ~-- - -
1960 - - .72 -
1959 - - 1.22 -
1958 - - 1.62 -
1957 -- -- 1.31 --
Total 385.73 115.03 29,88 44,73
Years 12 14 23 16
Average 32.14 8.22 1.30 2.80

Source: National Hydrologic Serg&ce

* Extrapolated or interpolated data.
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FIGURE 6.1
Schematic Profile of the Mukungwa Watershed
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Wetlands, and especially bottomlands,
however, are also highly valued for
their potential agricultural productiv-
ity. Thus, while Ruhengeri is rich in
these areas, it is also confronted with
difficult problems which arise from
conflicts over their most appropriate
use.,

ha of wetlands and

more than 5% of the
Ruhengeri prefecture. This resource is
unevenly distributed, thowever, with
more than half of the total area lo-
cated in the three easternmost communes
of Cyeru, Nyamugali and Butaro (Table
6.5). According to the RRAM Priject's
land wuse analysis from aerial photos,
56% of this area was already developed
as of 1980. tore recent observations
in the field indicate that at least
1000 additional ha have been converted
to agricultural production over the
past six years. A major part of this
conversion has occured in Nkuli, where
formerly undeveloped bhottomland has
been put into tea production. Most of
the former marshland in Butaro has also
been drained and cultivated.

Nearly 9,000
bottomlands cover

The
of the
in the
age of
and the
cultivation

Marsh comprises the bulk
remaining undeveloped wetlands
prefecture. Despite the drain-
the entire Kamiranzovu branch
development of raised bed

along most of its edge,
roughly half of the marsh remains in a
more or less natural state (Figure
6.2). Miscanthidium, Papyrus, and
Cyperus combine with other plant spe-
cies to form a dense mat over the
floating peat formation in its deeper
waters. This complex plays a major
role in the repulation of water flow to
downstream lakes and rivers. It also
supports an important bird population,
and its plants are wused in numerous
ways by the local population. Yet its
future is not at all certain.

Rugezi

of
at

the
many

Drainage
proposed

Rugezi has Deen
times over the past
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several decades. The most serious
attempt occured in 1972, when a natural
rock wall 1in the southeast corner was
dynamited to create the Fels outlet,
which sent water to a tea project in

Byumba. Water levels in the marsh fell
too rapidly, however, resulting in
drying of the peat soils and a serious

threat to hydroelectric production from
Lake Bulera (see bhelow). The outlet
was subsequently dammed and the project
abandoned. Based on this experience,
most authorities are now opposed to any
major drainage efforts in the Rugezi,

and no projects are currently being
planned. Yet rising demand for land
could change this situation, and the

Rugezi remains defenseless without any
official protected status.

The actual impact of any proposed
drainage scheme could only be deter-
mined from the content of the plan. It
is nevertheless certain that largescale

development would result in increased
total flow, higher flood peaiks, and
increased sedimentation downstream,
Any attempt to radically modify this
complex and valuable ecosystem should
therefore be approached with extreme
caution.

The bottomlands of Ruhengeri are much
more extensive and more evenly distri-
buted than its wetlands. They are also
qualitatively different, The vast
majority of these areas are already
developed, and the nature of their
exploitation has changed considerably
in recent years. Formerly used for dry
season farming, wmost hottomlands now
appear to bwe in year-round cultiva-
tion. The immediate catalyst for this
change was the drought of 1984; but it
was probably inevitable given demand
for increased food production.

According to the RRAM Project survey,

19.5%7 of all households have a parcel
which they cultivate in a valley bot-
tom. This figure varies considerably,

however, with a high of 40% in the



Table 6.5
Wetlands and Bottomlands by Commune

VIETLANDS UNDEVELOPED BOTTOMLAND RAISED BED

COMMUNE (water & vegetation) {(no standing wvater) BOTTOMLEID TOTAL

(ha) (ha) (ha) (ha)
Butaro 432 0 846 1278
Cyabingo 10 2 348 360
Cyeru 1589 o 622 2211
Satonde 0 o 268 268
Kidaho 72 2 44 118
Kigombe 58 0 402 460
Kinigi 0 0 8 8
Mukingo 0 2 0 2
Ndisa 0 0 382 382
Nlkuli 120 480 52 652
Nkumba 0 6 108 114
Nyakinama 28 46 182 256
Nyamugali 1072 4 478 1554
Nyamutera 0 0] 232 232
Nyarutovu 6 2 546 554
Ruhondo 16 0 492 508

TOTALS 3403 544 5010 8957



Buberuka region and a low of only 27 in
the Lava Zone. Roughly one-third of
these parcels were inherited, while
one-fourth are rented from the com-
mune. Another 137 were purchased.

The
ploitation
and along
and marshes

technique for the ex-—
of  bottomlands in valleys
the shallow edges of lakes

involves the formation of
parallel rows of raised beds, between
which water flows (or 1is retained
following flood periods) in shallow
canals. The combination of a steady
water supply and rich soils, renewed by
erosion from surrounding hills, makes
these areas highly productive. What is
not certain, however, 1is whether the
removal of  natural vegetation and
canalization have a significant impact
on water flow and retention. No mea-
sures have ~ever been made of outflow
from such areas; and the fact that
virtually all bottomlands are now in
cultivation makes future comparative
studies (before-after, or developed-
undeveloped comparisons) problematic.
An attempt at such studies should be
made, however, given the potentially
disruptive impact of such extensive
modification on overal] regional water
flow patterns.

primary

more quantitative data,
impressions of conditions
provide some interesting information.
Results of the RRAM survey indicate
that only 127 of the population feel
that flooding has 1increased over the
past 10 years. This figure rises to
262 in the Lava Zone and 33% in the
ZND; but it is still clear that people
do not perceive this to be a widespread

Lacking
popular

problem. Among  those who actually
cultivate bottomlands, however, nearly
25% (307Z in Buberuka) cite flooding as
a major problem. Another 107 cite
sedimentation from hillside erosion or
upstream sources. Asked to describe
general changes in their bottomlands,

however, 937 of all
negative nature: 387

answers were of 3
stated that their
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yields had declined; 367% cited the loss
of natural vegetation; and 8% felt that
the regular water flow had decreased.

lakes

Lakes are another resource of proven
multiple use value for water storage,
fish production, recreation and tour-
ism. In Ruhengeri, Lakes Bulera and
Ruhondo are most valued for the produc-

tion of hydroelectricity, while other
aspects have been less developed.
Recreation and tourism ar: virtually

non-existant in the region, except for

passive observation of the lakes and
Rusumo Falls by a very limited number
of visitors. One reason for this is

the lack of any supporting infrastruc-
ture; another is certainly the presence
of bilharzia in the lakes. The latter
has also sharply reduced the value of
the lakes as reservoirs, though the
local population in many areas remains
dependent on them as a source of water,
despite their insalubrity (see below).

The lakes' fish resources are defin-
itely wvalued, but remain underdevel-
oped. According to several studies,
Lake Ruhondo has greater potential than
that of Bulera, but beth are relatively
impoverished lakes because of their
marginal ecological conditions. More
than 200 fishermen work the lakes from
pirogues. They report, and official
statistics confirm, that production has
declined considerably over the past 10
vears. This could be due to several
factors, among which are: over-fishing,
destruction of the shoreline vegetation
which provides breeding habitat, or the
lowering of lake levels. This subject
will be examined as part of an on-going

study of fisheries development in all
of Rwanda's major lakes, supported by
the Ministry of Agriculture. Yet it

should also be noted that this study's
preliminary reconnaissance of Ruhondo
and Bulera found their poteneial to be
far greater than indicated by current
production levels.



FIGURE 6.2
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FIGURE 6.

Evolution ot Water Levels in Lake Bulera
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Table 6.6
Laboratory Analyses of Arsenic Contamination
in the MNyamusanze Valley

e e e ot o o e i e e o e e o e e et e e e e e e e e e e e et e e e e e e i ot e o e o 2t Mt e e e o e e e

Mid-stream Sediment Sediment
Nyamusanze at River's 2m from Dried
Sample Content River Edge River's Edge !ine Tailinas tlid-stream
pH, Standard Units 5.9 X X 4 6.1
Total Crganic
Carbon, !g/L 7.0 X X ¥ 12.0
Total Arsenic <0.010 Mg/L 146 Mg/Kg* 116 Mg/Kg* 36 Mg/Kg* <0.10 Hag/L
Total “olatile '
Solids, % by Wt. X 5.0 1.3 0.9 X
Total Solids,
% by Wk, ** X 99.6 99.9 72.7 X
Source: Roark and Dickson 1986, hased on a report by Camp Dresser & ticKee, Inc,

for SECID, March 1986.

Analysis not requested

Dry weight basis

** These numbers reflect sample status "as received".

* N

{ \



The principal resource valye of the
lakes thus remains their proven capaci-
ty for the production of electrical
energy.  The combined output from the
two hydroelectric stations at Ntaruka
and Rwaza represents more than half of
Rwanda's znnual production of electri-
city. Yet it is quite likely that
over-production has been responsible
for lowered lake levels over the past

decade.

Between 1975 and 1980, the water
level in Lake Bulera dropped more than
3 meters (Figure 6.3), Among the
principal factors which affect water

levels in the lake, rainfall and inflow
from the Rugezi were stable or higher
than average during this period, where-
as hydroelectric production rose to a
peak level of - over 4 million Kwh in
1977. Subsequent reduction of this
ouput coincided with a rise 1in water
level, though not to previous levels,
Today, annual electrical production of
2.75 million Kwh appears to be in phase
with annual outflow from the lake.
Should future energy demands increase,
however, lowered lake levels should
again be expected.
erosion and sedimentation

While the erosion issue has been
considered in detail in Chapter Four,
it is worth noting that this issue is
closely related to that of water man-
agement. Failure to control erosion on
hillsides results in water moving more
quickly into streams and rivers, which
then carry an increasingly heavy load
of sediments. Some of this sediment
load 1is recycled for agriculture in
raised beds, but most of ir is carried
away and  serves to increase the de—
Structive scouring power of rivers.
This is most obvious in the torrents of
the Lava zone, but its impact 1is also
evident in str~ambank erosion along
most of the region's waterways. Unfor-
tunatz2ly, no studies exist of sediment
transport, nor of its impact in the
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Ruhengeri region. Such studies are
essential to effective water resource
management.

pollution

Water pollution is a major problem in
industrialized countries, but is consi-
dered to less serious in less developed
countries. Although adequate data are
lacking, conditions in Ruhengeri would
seem to support this general observa-
tion. A preliminary analysis by the
RRAM Project of runoff from one wolfram
mine in Cyeru commune, however, indi-
cates that potential problems do ex-
ist.

the Gifurve mine has
average of more than one
million cubic meters of tailings each
year, These are left exposed at the
mine site, from where they are washed
down the Nyamusanze valley and even-
tually  deposited in lake Bulera.
Laboratory analyses indicate that this
transported sediment contains arsenic
at concentrations which reach 146 parts
per million (Table 6.6). According to
the U.S. Department of Agriculture,
levels over 100 ppm can lower crop
production and local farmers, 1in fact,
report low yields from raised bed
agriculture in the Nyamusanze valley.
While this could also be due to the low
nutrient content of the mine tailings,
the arsenic factor should not he over~
looked. Arsenic poisoning of humans
appears to be a less serious problem,
due to the low arsenic content of the
wvater itself, although medical studies
in Taiwan have documented a relation-
ship between skin cancer and regular
contact with arsenic. TIts uptake and
concentration in fish could also prove
to be a problem for human consumers.
Given that two major mines, at Gifurwe
and Bugarama, produce runoff into Lake
Bulera, this problem should continue to
be monitored.

Since 1947,
generated an



Water supply. {luman beings must
drink .t least 1-2 liters of water per
day to survive. In Rwanda, it is often
estimated that 10 liters per capita per
day (lpcd) suffice Lor all domestic
consumption purposes. Bevond this
minimal requirement, however, a level
of 20 1lpcd for drinking, cookina,
washing clothes and bathing is otten
recommended to  obtain  the optimal
health benefits associated with im-
proved hvgiene. \later supply in Ruhen-
geri is generally adequate to meet
minimal requirements. The availability
and quality of water resources, how-

ever, varies considerably across the
prefecture.
Table 6.7 shows that 40% of the

Ruhengeri population obtains its water

from improved springs: natural under-
ground sources which have been capped
and channeled through a spout, some-
times with a £Efaucet Lo control its
release. This system is most prevalent

in the Buberuka region (63%) and least
common in the Lava Zone (31%7). Natural
springs represent the primary source
for 19% of all households, with a high
of 42% in the ZiD region. Another 14%
are served by public piped systems,
along which there are faucets at cer-
tain intervals. This system is most
developed in the Lava Zone, where 337%
of all families depend on it for their
primary source of water. DBarely 20% of
Ruhengeri's households get water from
uther sources, but these can be of
local importance. Rivers and streams
provide water for 15% of families in
the Plateau region, and 13%Z in the
A#D. Lakes are the primary source for
10%Z of those in DBuberuka, while ponds
or other forms of standing water serve
nearly 137 of the population in the
Lava Zone.
Two-thirds of the Ruhengeri popula-
tion has a primary water source within
one kilometer of their house. This
figure rises to 90% within a two kilo-

Table 6.7

Survey Results on
Water Supply Issues {

Lava ZND  BUB CPARRTOTAT
% % 74 A #
Primaryv Source
Improved
Sprianciesi 39 6H3 44 46
Natural
Sprinpite 2 42 11 27 19
Piped
System 33 0 5 11 15
River/
Stream 10 13 5 15 10
Standing
Vater 13 7 5 3 7
Lake 1 2 10 () 3
Distance
< 1 km 58 71 77 67 68
1-2 km 26 05 19 22 22
> 2 km 16 4 4 ] 10
Shortages
Yes 66 12 15 9 29
No 34 88 85 0] 71
Dailv Trips for Vater
1 trip 41 28 31 26 32,
2 trips | 50 49 35 @ 58 54
3+ trips 9 23 14 16 14
Daily llousehold Caonsumption
20 liters 4l 21 32 a5 32
G0 B 48 58 53 55 52
100 " 11 21 15 20 16
Water Quality
aood 75 66 S0 53 78
bad 25 34 20 <7 22
Source: RRAM Project Survey




Table 6.8

Existing Water Supply Systems By Commune

-——_-——_—-—_———_-——_———_——___..____..__._____._—-____-—__..——__—___...__-..-.___________-—_-—

Butaro
Cyabingo
Cyeru
Gatonde
Kidaho
Kigombe
Kinigi
Mukingo
Ndusu
Nkuli
Nkumba
Nyakinama
Nyamugali
Nyamutera
Nyarutovu
Ruhondo

Population
1985

47,807
51,144
52,501
32,827
30,203
43,343
35,956
28,273
37,437
32,730
34,192
46,206
39,735
29,327
47,226
44,596

[y
D S BN ¥ 2 B e I

—
.::.\xmunwumco.um

Total Total Total Average
Yield Yield Yield lpcd*+
lps* Number 1ps Number Ips 1985
.00 45 7.54 49 7.54 14
.00 41 8.69 41 8.69 15
1,30 60 14.86 65 16.16 27
.00 39 7.83 44 7.83 21
26,00 2 0.86 3 20,86 60
20.70 37 3.79 41 24.49 49
22,00 0 .00 12 22.00 53

.26.75 3 0.62 7 27.37 84

.00 40 11.68 48 11.68 27
11.39 33 6.05 38 17.44 46
20.00 6 2,12 9 22.12 56
7.30 42 8.84 54 16,14 30
2.15 47 7.90 52 10.05 22
1.26 42 4,77 48 6.03 18
2,07 47 14.10 54 16.17 30
1.73 43 14.70 47 16.43 32
136,65 527 114.35 612 251.00 34

Sour 'e: RRAM Project/Roark and Dickson 1986

* Liters per second.
** Liters per capita per day.



Table 6.9
Estimated Water Demand By Commune

Population 1985 1995
Commune 1985 1995 lps* m3/day lps m3/day
Butaro 47,807 63,628 13 1,114 27 2,291
Cyabingo 51,144 68,069 14 1,192 28 2,450
Cyeru 52,501 69,875 14 1,223 29 2,515
Gatonde 32,827 43,690 9 765 18 1,573
Kidaho 30,203 40,198 8 704 17 1,447
Kigombe 43,343 57,686 12 1,010 24 2,077
‘Kinigi 35,956 47,855 10 838 200 1,723
Mukingo 28,273 37,629 8 €59 16 1,355
Ndusu 37,437 49,826 10 872 21 1,794
tikuli 32,730 43,561 9 763 18 1,568
Mkumba 34,192 45,507 9 797 19 1,638
Nyaliinama 46,2006 61,497 12 1,077 26 2,214
Hyamugali 39,735 52,884 11 926 22 1,904
llyamutera 29,327 39,032 8 683 16 1,405
Hyarucovu 47,226 62,854 13 1,100 26 2,263
Ruhondo 44,596 59,354 12 1,039 25 2,137
Total 633,503 843,145 172 14,762 352 30,354

Source: RRAM Project/Roark and Dickson 1986,
* Liters per second.

Note: The average per-capita water demand is assumed to be
as estimated in the World Bank/BCEOM Lava Zone Project,
that is: 1985 = 23.3 1lpcd; 1995 = 36.0 lpcd. These
amounts allow for higher usages in developed areas,
institutional uses, and 20 percent losses from the
vJater svstem.



meter vradius. It is important to
notehowever, that over 167 of those
from the Lava Zone, and 112 from the

Plateau region, must walk more than 2
km to> obtain water. This situation is
greatlv apgravated in the Lava Zone by
the fact that two-thirds of all people
report water shortages at their primary
source (versus 127 for the rest of the
prefecture). These shortages are most

common during the dryv season, but also
occur frequently due to damage to the

piped deliverv system or its faucets.

The importance of distance from water
can be seen in  the number of trips a
family member makes to the source each

dav and, thereby, the dailv amount of
water consumed by the family. Resi-
dents of the Lava Zone are much more

likely to make pnly one such trip each
day (41% versus 282 for other areas).
These families are thus limited to the
contents of one 20-liter jerrycan, or
an average of only 4 lpcd for a house-
hold of 5 persons. Given this situa-
tion, it is no surprise that people in
the Lava Zone cite water shortapec as
the most important problem facing their
region (see Chapter Three).

Despite the lack of adequate water in

certain arcas, a steady majority of
families across all parts of the pre-
fecture report average consumption
levels of around 12 1pcd. The recom-
mended level of 20 lpcd, however, is

only reached by about 167 of all house-
holds (217 in the ZND). As for water
quality, a large majority of the Ruhen-
geri population believes that their
water is "good". = The highest nercen-
tage of those rating (=i water quali-
ty as "bad" is in the ZND (372): a fact
which is probably due to that region's
high dependence on undeveloped sources.

supply and demand
As of 1985, at least 527 improved

springs and 35 piped delivery systems
had been developed in Ruhengeri (Table

53

6.8). The tota! output of these water
sources was 251 liters per second
(Lps), or enouah to provide 34 Ipcd to
the entire population of Kuhengeri. As
shown in Table 6.9, this is more than
enough to satisfy current demand nf 172
Ips, even assuming a hish consumptinn
rate of 23 1pzd. Pv 1995, however,
demand should increase to 352 Ips, or
49% more than current capiacity,

The current problem in Ruhengeri is
therefore not one of supply, but rather
distribution. Sufficient  water sup-
plies exist, but they are currentlv
being wunderutilized trcause they are
too far from potential users. In the
commune of  Kidaho, o1 cxample, the
existing svstems produce enouph water
to provide each resident with 60 lped:
vet there are onlv 3 such svstems in
the entire commune. dvakinama has »
much lower toral produccion, but the, »
are 54 distribution noints. The only
solution to this problem -- and that of
future demand -- is to establish more
distribution points “hrouch ihe devel-
opment of new sources and piped deliv-
ery systems in water-deprived areas.

technological approaches

Between 1930 and 1984, the number of
developed water sources in Ruhengeri
increased bv 377, accordine to official
statistics from the prefecture. ilost
of the new sources were capped springs,
although a number of aravitv-flow piped
systems were also  instalied. The
continued use of these technolcgies is
appropriate for several reasons.
rirst, natural springs are plentiful in
most  areas  except Lhe lava Zone.
Second, the technology is relatively
simple and can therefore be maintained
by user groups with limited outside
assistance. Finally, these svstems are
not expensive. Simple capped springs
cost an average of only a fewShundred
FRw per user. Piped delivery svstems
have averaged roughly 3000 FRv per user
over recent years, but have the consid-



2rable advantage of serving a much
larger area.

The  develuwment  of water supply
systems  in the  lava  Zone presents
particular problems, As mentioned at
several  points  in this report, the
extremely porous =oil and rock struc-

tures of this rezion prevent the reten-

tion of surtuce water. For this rea-
son, the arca wus sparsely inhabited
until the Delgian colonial government

R L b R ah o
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This consisted

extensive
1050,

constructed an
hution system  In

of a 03 Kilometer gravity pipeline,
which carricd water from the rich {(more
than 200 lps) 'utobo Spring in Mukineo
all the wav  to the Ugandan border in
Kidaho. By the mid=1970s, however, the
system's steel  piping was highly cor-

roded, many ot its taucets were plugped
or broken, and -the ftunding required for
walntenance was not available.
Following  aun  assessment  of  this
situation by o French firm (BCEOM), the

World Bank uureed in 1986 to finance
replacement ot the old system. In its
nlace, a new gravity pipeline will be
constructed vhich  will follow the
former line, but  along 2 parallel
tracks  and with several extension
spurs. The new system will also in-
clude a  water treatment facility and a
pumping station Lo send water from
Mutobo wover the divide into Gisenyi
prefecture.  This network will cerrain-
ly provide more regular delivery of

number ot Jdistribu-
tion points, Hlowever, the majority of
households 10 the Lava Zone will still

find themsclves several kilometers from

water to a grcater

the nearest  laucet. In addition, the
cost of the entire system is estimated
to be wnearly 318 million, or $150 per
user. While this will not be directly
paid for by the atfected population,
users will be expected vo pay a $25

annual fee tamily: an amount which
nast experience indicates may be diffi-
cult to coullect.

per
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Despite questions about its cost and
overall efficiency as a water supply
network, the World Bank system 1is
likely to be installed as planned. Yet
consideration should also  be pliven to
rainwater catchment an
alternative water supply technolopy for
the Lava Zone. Between 1978 and 1985,
several hundred cistern rainwater
collection systems wvere constructed and
installea in houscholds in  the Ruhen-
geri prefecture, These  consisted of
cimnle ontters and a  spout wvhich chan-
neled roof runoff into a cement cistern
reinforced by bamboo. People  were
generally  very satisfied with the
performance of these systems,  but two
potential drawovacks could tiait their
widespread use: storvage  capacity  and
cost.

Seslens U

ahd

three-fourths ot all houses
now have corrugated metal
wvith a mean surface area
With rainrall averaging 4 mm
Kinie1), a

More than
in Ruhengeri
or tile roofs,
of 36 m2.
per day (based on data from

cistern which holds only 150 liters
could thus collect enouch wvater to
provide more tian 20U Ipced for a family
of six. Rain does not fall cvery day,
however, so storage capaciiv would have
to be great enough to assure continual
supply. The average size of cisterns
built in Ruhengeri is 1,200 liters:

enough for o 10 day reserve, or 20 days
at a consumption level ot 10 lpcd.
During the nine months of the vear vhen

raintall averages more than 100 mm,
this represents a more than ample
reserve. In June and August, rainfall
drops to 60 mm per month, but this
would still provide an additicnal 12
Ipcd bevond the 1,200 liter stored
capac.ty. The problem arises in July,

when the average of 20 nm of rain would
produce only 5 Ipcd. Lven this dericit
could probably be managed  through
careful rationing, but it 1is probable
that people would be partially depen-
dent on alternative sources du?ing this
period.



Another problem with rainwater catch-

ment systems is their cost. The 1,200
liter cisterns described above have
cost ar average of  about 19,000 FRw

($240) to build. FExperience in Durundi

indicates that this could be reduced to
around  S200, but  this would still
represent a  significant expense in a
region where  annual  incomes averape
only $200. Subsidies represent  one
possible solution to this problem. For
one-third the cost of the World Bank
project (%525 per familv), o cistern

system could he purchased and installed
in every household, and the res-lting
government debt would be reduced.

Another solution would he to promote
(and  possibly subsidize) the develop-
ment of inexpensive cisterns by the
national plastics industry., A few
100-Titer barrels would satisfy the
vast majority of household needs, and
would have the added advantage of
plastic’s longevity and ease of clean-
ing. Finallv, even the limited option
of installing a collector svstem of
gutters and spouts to [ill five ZOliter
jerrycans would cost no more than $40
per family, and would provide a signi-
ficant amount of water.

No matter
is pursued,
catchment
Zone, and

which level of development

the extension of rainwater
technologies to the Lava
other parts of the prefec-
ture, would have enormous benefits.
The region's high rainfall assures
regular supplies during most of the
year; water would be immediately avail-
able within the household complex, thus
eliminating the thousands of hours per

year which women now spend on its
transport; and the construction and
installation of such  systems would

generate
tunities.

significant emplovment oppor-

Conclusions.

Three major problems contront the
Ruhengeri prefecture with regard to the
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management of its water resources.
First, accelerated changes in  land use
appear to be affectine warer flow jin

the reqion's complex networl of rivers,

lakes and marshes.  This can be seep in
changing lake levels, hipher runnff and
streamflov levels,  and indicatinns of

chanoes affecting
Cecond, uvater
unequally distri-
resulting
thousands of

inadequate

hvdro-ecolaogical
marshes and hottomlands,
supply  sources are
buted across the prefecture,
In serious shortapges  {or
families. Finally, an

information base inhibits acticn  tn
deal with theee  problems, This is
especially true with repard to manange-

ment of the overall hvdrologic system;
but the lack «of information also af-
fects efforts to improve water supply
throuch the selection of appropriate
sites and technologins,

Recommendations.
Applied Research.

1. The prefecture, in collaboration
with the appropriate natinnal services,
should increase and improve its exist-
ing hydro-climatological monitoring
network. This requires the installa-
tion of additional rainfall measuring
stations in areas vhich are now inade-
quately served. Prioritv areas would
include the  communes of Nyamugali,
Cveru, Ndusu, MNvamutera and the lava
region of Nkuli, as well as  ar least
one other site in the Virunga rain-
forest (see Figure 2.4 in Chapter
Two).

Additional streamflow pauees should
also be installed at a varietv of
points. These should include represen-
tative smaller streams, =uch as the
Nyamutera, Gicive and Mukinga, which
feed into the tukungwa River, as well
as one or two other streams from the
southeastern corner of the preffcture.
The Kamiranzovu branch of the Rugezi
Marsh should also have a measuring
station to determine effects of its




recent canalization. Any marsh or
bottomland which 1is not yet drained
should have o water uvauce installed to
provide vomparative duta, cspecially if
the area 15 planned o be drained in
the faturc. Similarly,  all projeces
which include wetlonds or bottomlands

drainage components  should be required
to monitor changes in water flow which
may result from their int2rvention

activities.

to providing information
and  volume, all of
should also serve as
sites for the periodic monitoring of
sediment transport., Finally, the
accuracy of cxisting stations (especi-
ally the wone at Ngaru) should be exam-
ined by competent authorities, and new
installations uade where necessary.

In addition
on water levels
these stations

2. Arsenic levels  should be period-
ically monitored 1n streams and lakes
which receive runorf  from wolfram
mines. . amnples of plants and fish from
affected arcas  should also be examined
to determine levels of arsenic uptake.

3. An accurate map of all existing
water delivery systems in the prefec-
ture should be made (a preliminary map
at 1:100,000 has already been completed
by the RRAM Project, but needs to be
updated). This should be accompanied
by tables listing essential information
for cach source such  as yield, number
of users, date of construction, etc.

4, A detoiled study of  the role of
hydroelectrity seneration on water
levels in lakes Bulera and Ruhondo

should be mude prior to any decision on
significantly iucreasing power produc-

tion at either the HNtaruka or Rwaza
stations,

Action.
5. Further drainage of the Rugezi
flarsh should be prohibited. Its fra-

gile ecology and critical importance in
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regulating water flow cshould preclude

alternative development options.
Consideration could be given to desig-
nating the marsh as o natural reserve,
dlthoust it should  be  recooniszed that
the entire complex s used 10 various
ways by the local population.

0. Prioricy attention should  be
given to the development  and Jdistribu-
tion of rainwater catchment  systems
throughout the lava Zone anid  other
parts of the prefecture wiere water
supply is o chronic problem. A thor-

this matter should
rescarch, develaopnent and
CONPONGNES, Subsidies
for alternative desions and, eventual-
ly, production and purchase arrange-
ments  will  almost  certainly be re-
quired.

oush  approach oy
include

demonstration



CHAPTER SEVEN: VOLCANOES NATIONAL PARK

The Volcanoes \aLJuxal Park (V!
a natural area ol reeional, national
and international Lmportance. It
covers 7.4, of the Ruhengeri prefecture
and represents a sianificaal source of
local emplovment in additiocn to ite
role in water catchment and reoula-
tion., At the national level, the pparie
and its gorillas attract tourists and
foreian revenue equivalent to more Lhai
two million doilars annuallv. Tinally,
the VNP has been desionated an Interna-
tional Piosphcre Reserve in recoenitivi
of ils unique

v

3

bielogical attributes.

ATISS e e
positive situvation in
stands out s nne of Afirica's
natiral toserves. Yot at  the
time, the Virunga ocosvstem romains
poorly. “understood and, partiv as g
tesult  of = this, several important
matagement problems  remain to be dealt
with, (xivern the lack 'nof
studics of Lhis arca and its problowus,
the followina secticns combine aeneral
fdlescription with gnalvsis,  [from wiviel
are then (ravwn certain conclusions anil
recommendations.

thove have created &

whieh tho

-

detallod

Description and Analysis.

Historical. The' Virunga
was officially protected
Albert nhational Park —- Lthe
LiC S C VGV e o e s e () O Thc
creation ol a Gorilla Sanctuary in the
contiguous Unandan sector of the chain,
in 1930, brought the total area under
protecLLon to nearly 700 . lkm2. At the
end of the colonial period, adminie-
trative responsibilicy for the ma jor
part of this reserve was spllt between
Zaire (Virunea “Mational Park) and
Rwanda (Volcanoes National Park).

ocosysten
within the
first such

Initially, the VNP was managceu by the
Direction of Water and Forests within
the Rwandan Ministry of Agriculture.
was transferrod

In 1973, responsibility

to the
and  National Parks
“f[1L” has been aidad ip
ciforts hv che Belaian o
SO NCCHEES brraifia e N e o iy

onsertiug 9t consorviting
helﬁw).

newly created Office of Tourism
CORTPNY.  This

S anagoment

Conversion trends. ot S Reandan
sector of the \irunza ccosvstem has
been drastically reduced in s.ze over
the ‘past 20 }:?rs. lust  prior to
Independence, in 16 belaian authori-
ties permitted nearly 7,000
park to be ! fer ‘human scttle-
ment, etween ' 1299 and 1973, annther
10,500 H) of parkland vere convercad ro
asricultural uses under 3 o

ha nf the

\Varll €109 mq U o ELETS

dzvelopment  project manaued =i Siihn
Rwandan “government and  tho Siropent
Lconomic Comanunity. Then i TR R R
ndditional 1,200 ha ra Bl mn i
room for more secttlers {4 the western
goctor. Aurare excoption ta . this
neeative trend occurre b IURG, whion
several hundred ieckaces Mignel its
border were reincarporated intn. the
parl.

Asiigs tresulitgiE thouse  conversion
activities, the =halkalll=" ety sy NG
Volcanoes Park hins boen veduced by 343,

:
a

S E ey ey i) NI
from 328 km2 to n romnant 130 kq2

}
Lol cemnant IS0 k3! today

o] 1

(Fiaures iz SeandinG il Since this
conversion  bccurodd prEinm cidsise] el
lover clevation nnes,  “He associatod
loss oi biolosical iyersive iias boon
sienificant., The 4XP Sl sy e tains
considerable biolozical vitliin, however,
Qb recent  conservalion trenids  have

been very positive.

Vegetation. As descrihed  in Chapter
Two, the VEP uvcosvstom contains the
upper stages of the afrorontane vegeta-
tion sequenco, The  most ¢
tane forest zone was larecly climinated
by the clearing activities described
above. A\ relic band remainsshowever,
between  Mrs. Gohinga  and  Sabvinvo.
There, Neobutonina, !limulopsis, Aeauria,

Prunus, Bersama, Xvmalos, and Vernonia
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FIGURE 7.1
Volcanoes National Park
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combine with numerous lianas, epiphvtes
and grasses to form a relatively rich
communitvy. Mong  most  of the parl's

lower houndary,  thoupl, homoaencous
stands of  bamboo  (Mrundinaria a!oiaa)
predominate,  iaterspercced  wiph

clearinus,

With increasing elevation, hambeo
gives wav  to open woodiand formations
between 2700 and 3200 meters. The
Jominant trae  <pecies in  this zone,

Hogenia abvsesinica and lvnericum I-nce-

olatum, do not form closed canopics and
therefore permit exteonsive clearings of

abundant  herbacecus vepeotation. Jiarsh
cuemmunities  also exist within this
zone, where phvsicnl conditions favor

their estabiishment, cepecially in the
saddles between volcanoes.

Sub-alpine vegetation covers the zone
between tho ecicvations of 3000 to 4000
meters. Giant heath  formatinns of
Mhillinia and Frica extend down into
the rorest  sone along cxposed, rocky
riduecs,  “hile aiant Dorms of
and Lebelia predominate higher up. The
groursi  cover  throuchout this zone is
characterized by  communities of Pubus,
Alchemilln,
shrubs, mixed with
lichens. Where conditions pernmit,
acldic marshes of Carex and Sphaonum

various grasses and

Sonecic

Ilelichrvsum, and Volken51h

also exist in this zone.

At the highest elevations, above 4000
meters, shrubs disappear and ¢ive
wavy  to communities of Qrasses, mosses
and lichens. These alpine formations
are not only less diverse, butl also
more fragile than the other zones.

oven

Although the afrecmontane vegetation

is most casily understood as a succes-
sion of zones primarilv determined by
altitude, this approach oversimplifies

the ecoloay of the Virungas. There is
censiderable overlap between zones and
numerous  mosalc  patterns exist within
the lower zones. The resultant transi-
tion zones where plant communitics mix

thev are
areater

are called ccotones: and
important not only for their

floristic diversity, Lut nlsn as nrima-
rv habitat for park wildlifo

Fauna. The  Virunna in=
clules nore  than 07 masmn ) spocies and
at least 10 Jiffarent limds of birde
have been identificd fram  (he reaion,
Jdany of  thesc are  represented by sub-~

vhnse distribu-
remnant montane
coveral are

-speclies or  varicties
tion is limited to  the
forests of central if{ri

considered to he hiahly adanaored,

N surprisin: number  of caraivores
appear amonz  the  mamna] Pdentified
from the VIP since ics i The
presence at  one  time 0 tions, leo-

inckals, «ivere, cenets,
winds of

aroator

pards, hvenas,
serval cats, =olden cats i
mongonse  indicates anp oeap
variety and density of  species upon
which  they  preved. ienc ueol last
seen in the Viruneas in {0432, however,
and most of the others have Leen elimi-
nated or sericuslv reduced in number b
habitat loss and poaching over the past
20 years.

T

larae mammals
the ele-

Today, the principal
which remain in the parl are
phant, buffale, bushbucl, and black-
fronted duiker. The viant  {orest hon
(ilvlochoerus meinertzacheni) amd  the
vellow-backed wuiler

svivicultor) are sacar oxtinction, if
not already  ocene. The  huffalo is a
notable exception o the declinine

status of most other larae, torrestrial
mammals in that its
be increasing recentlv. could bhe
due to decrensed nreda-
tor pressure, veduced competition from
other herbivores, veactation chances,
habitat loss, or a combination of these
and other factors. “hat is ccortain is
that the buffalo have become . ma jor
management problem (sce helow™and that
some basic information on their popula-

tion dvnamics and ecology  is required

anpthers=
This

appear to

peoacihiiag andeor

{Conhalerhus

AW
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before any effective action can be
taken.

Fight types of primate have been
identified from the Virungas. These

include the

porilla berinvei), possibly 3 races of

mountain sorilla (Gerilla

Cercopithecus witis  (kandti, dopectti
and  schontedeni),  and  two  noctutnal
primafes: Prorcdicricus potto and
Galao st alongis, In addition,
there have  been irrecular  repores of

C. 1'hoestt and Cooascanius from the

astern  seZtor ol the park.  As with
the other wammals  cited  above, very
little is koo about  the ccolowy and
status  (not to mention the existence)
of most of these primates.  The extreme
exception to this rule, howvever, in-
volves the mountain gorilla.

Throughout this century, the Virunga
volcances have bLeen primarily known for
their population of  gorillas. The
first examples of this subspecies known
to science  were shot by a German oitfi-
cer on Mt. Sabvinyo in 1901, Twentv-
Five years later, the fact that this
population vas  endemic to the Virunpas
provided the principal ruaison d'étre
for the creation of the national park.
In 1950-00, the tirst major field study
of gorillas was conducted in this area
by CGeorge =challer. And  from 19069
through today, the long-term studies of
Dian Fossey and other scientists work-
ing at Rwanda's  Karisole Research
Center have provided the world with
detailed knowledge of the behavior and
¢cology of  the mountain gorilla. They
have also made its endangered status an
international cause for concern.

In 1960, Schaller reported a popula-
tion of between 400 and 500 gorillas in
the Virungas (for the purposes of this
section and most other matters relating
to management ot the Virunga ecosystem,
it is generally inappropriate to make
distinctions along artificial national
boundaries). The next gorilla census,
conducted in 1971 -~ 1973, found that
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this number had been reduced dramati-
cally to only 274 (Table 7.1). This
sudden drop was attributed to a combin-
ation of poaching in Lhe Zairian sector

and, to a lesser degree, hobitat loss
in Rwanda. The next census, in 1076 -
1978, tound o population of 2005, Vhile

this represented a more grodual decline
cuan ootore, the low number of immature
gorillas (200} was  alarming  in its
implications for future reproduction.

the porillaes' declining
the  creation, in

Gorilla Preject
citiort between

Concern over
status resulted  in
1979, of the lMountain
(MGP) as a collaborative

the Rwandan government and  an interna-
tional consortium of conservation
groups. The MGP's objectives were: (1)
to reduce poachine pressure on the
gorillas and other wildlife of the VHP;
(2) to stimulate  increased  tourism
revenues through controlled visits to
habituated porilla croups;  and  (3) to

increase public awvareness ot the park

and its values through cducation.
Today, the nuP is  widely recognized
for its successes in  all three areas.

No gorillas have been killed since 1933
(8 were killed 1973, the vear before
the MGP began) and  poaching of other
animals appears tc have been reduced as

well., Tourism revenues have also risen
dramatically, from a few thousand
dollars in 1978, to more than two

million annually over the pust several
vears. Direct park entry tees alone
surpassed $250,000 in 1985, making the
VP one of  the few self-supporting
parks in the world (Fiocure 7.3). The
education program, too, has been suc-
cessiul in improving public awvareness

of and attitudes toward the park (see
below). Recognition of these achieve-

ments has also resulted
similar projects in the Yalrian and
Ugandan sectors of the Viruncas, which
began in 1984 and 1987, respccgively.

in support for

HGP's suc-
in its

The true measure of the
cess, however, can best be scen
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Table 7.1

Evolution of the Virunga Gorilla Population
1969 - 1986

census total no. of no. in lone 3 ¥ 3 * total total
period counted groups groups males adult immature estimated {range)
1959-60 - - - - - - 450 (100-5C0)
1971-73 261 31 246 15 €0.2 39.8 275 (261-290)
1976-78 252 28 246 6 64.2 35.8 2638 (252-285)
1981 242 28 237 5 60.3 35.7 254 242-260)
1986 280 29 268 12 51.9 18.1 294 (260-303)

* % adult and immaturs calculated from population in yroups {lone males excluded)

Source: A. Vedder. 1985, Praliminary report on the ropulation status and dynamics
of the Virunga gorillas,



FIGURE 7.3
Park Visitation and Revenues : 1975-1986
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contribution to the current improved
status of the mountain gorilla. A
census  conducted  in 1981 {ound Lhat

althouuh the total population continmed

N

to decltine (o 234 mtividuals,  the
percentae ol voung oorilias hoad jo-
creased  tu ncarly 407 (Table T.ig.
Then, in 19%06, the most recent consus
revealed  some  verv positive chanues,

The total population had increased to
293 and  the percentage  of  immature
gorillas had risen to 487, Averape
group size and number of voung were

also found Lo be higher in those groups
wvhich  were regularly foileoved for
tourism or rescarch  purposes, thus
reducing concern  that these activities
might Inhibit gurilla repreduction.

It is
gorilla is
in the VIP,

evident  that the mountain
2 subject  of major concern

Its behavior and ecology
have been studied in detail, its pop-
ulation dynamics have been reqularly
monitored, and its conservation status
is currently pousitive. It is appropri-

ate that such information be known
about the "[lagship" species of the
Virungas. It also stands in sharp
contrast, however, to how little is

known about
ecosystenm,

the rest of this important

Socio-economic relations. The Virunga
ecosystem does not exist in isolation.
It is an island of natural conditions
surrounded by an agricultural land-

scape, which is intensively exploited
bv a laree and growing human popula-
tion. The VNP's  survival depends on

its ability to provide benefits to this
population.

A major value of the park lies in its
role in water catchment and Tanage-
ment. As described in carlier chap-
ters, this connsists of the goneration
of high rainfall, irs capture in a way
which does not provoke erosion, and
then its gradual release to surrounding
areas. The result is a perrenial
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supply of clean water to g major part
of the Ruhengeri population.
Hore ecasily quantified is  rhe park's

value in dincome voneration. 23 dindivie
duals are emploved on a full-time basis

by the parl, most of them from the
Ruhenzeri  reecion.  Another 30 to 40
worle part-time (as porters, vatchmen,

etc.) and hundreds have  been emploved
to work on various construction activi-
ties over the past several vears, In
addition, many more permanent positions
at hotels, restaurants amd other estab-
lishments are supported bv tourism in

the region. This :mpact is even more
appreciable 1in vieali and o Gisenvi,
wvhere tourists spend the majority of

their time and monev.

so detailed studies have been done of
this tourism sccror of the economy,
however. The currently used fiqure of
52,000,000 per year in foreian revenues
attributable to the park, is based on
what appears to be a reasonable esti-
mate: that the 35,000 foreian tourists
who visited the park in 1085 spent an
average of $400 ecach during their stay

in Rwvanda. But how much of this is
offset by expenditures? ilow 1uch aoes
into the regional economv of Ruhen-
geri? How  could local ropulations
benefit more from this industry?

could help
1d assure

Answers to these juestions
to improve park management
its future survival.

A partial answer  concerning the
park's economic value can be found in a
series of opinion survevs conducted in
the area around the park over the past
several vyears. Comparative results of

attitudes toward tourism benefits can
be seen in Table 7.2. In 1979, prior
to the lIGP's  tourism Jevelopment pro-

gram, 05% of the rural population
around the park believed that Rwanda
benefited from tourism at the national
Ievel. Only 39% perceived any reaional
benefits, however, and barelv onefourth

felt that they personally profited {rom

et



(and then only as indi-
of national revenues).
situation had changed

o oW
Nearly  MSU o

the situation
rect recipients
By 1984, Lhis
significantlv,
surveved perceived nationagl

those
benelits of

tourisin, wiotle “270 foit that the Kohen-
geri o reeton also pororted. Follyv 2ol
thought that the . bencirted personally.
in some  wiy, trom VO tourium.  While
they do not zatisty  the need for more
detailed 1ntovrmation, such results do

indicate un  Increased appreciation of
the value of tourism developnent in the
Virungas.

come to
VNP, as

The local population has also
recognize aother values of  the
shown in Table 7.2, Asked to list
non-concumptive  values of the natural
forest, the muajority of respondants in
1979 could nut provide a single one.
Among those  values most commonly cited
wvere its role in water catchment (197)
and as a wildlife refuge (197). Des-
pite the latter response, however, 537
of population could not  give a single
value of wildlite protection. Virtual-

ly all or those who did respond posi-
tively c¢ited tourism henefits (39%),
while barely |2 reterred to research
and  aesthetic values of wildlife,
Given this general  lack of apprecia-
tion, it is not surprising that 51% of

the sample ftelt that the park should be
opened to exploitation by the surround-
ing population.

By 1984, thougsh, @ major change had
occured. the same series of
questions, most respondants were able
to give at least one value of forest
preservation, with wildlife refuge
cited by 307, rainfall and climate
control crosion control 997, tour-
ism 7% and rescarch 2. Vith regard to
wildlife, the percentage of those vho
recognized their viilue tor tourism
increased siecnificantly tu 50%. Other
values remarned lictle appreciated. Of

Asked

o
- Jioy

most importance, however, was  the
finding that more than 75% of those
surveyed felt that the park should be
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fully protected: an increase of more
than 50% from 1979,
Despite these positive changes, the

issue of animal damage to crops remains
a major provlem, Respondants  in the
1O8SY survey unanlmous in their
perception that some park  animals were
Buftaloes their

were

a  nuisance. leeaded

list of  pests (O00),  1ollowed by ele-
phants  (vYl), antelope (18%), and
porcupines (370), An analysis of this

situation by the RRAM Project confirms
the reality of thic problem, but also
raises certaln yuestions vith regard to
ics extent and nature.

Between September 1955 and June 1986,
official records that 9 claims of
animal damawe  were  piled  Loainst the

chow

parle by larmers trom  the commune of
Kinigi. This represents barely 13 of
the  communc's  total  houscholds,  but
could equal 1070 ot  thouse within one
kKilometer of the park  bLoundary. More
than 8ULC  of the damasze occured within

500 meters  of the  park, olthough some

reports of buffalo  dumaec  came from
several kilometers awayv. In more than
one-third ot the cases, the impact was

limited to simple
tieid. In another
eaten, and in 437 of
tigators found extensive Jdamage (the
latter instances, however, were often
aggravated by people chasing the ani-
mals and thercby rtrampling :rops). A
tetal of 3.6 ha wore destroved during
the 10-month period of the sorvey.

passave
5} 9] ar

— 0y

t he

through a
crops were
cases, inves—

Solle

Cereal crops (especially coial, beans

and peas appeared to be rfavored for
eating, while potatoes were nost com-
monly damaged by trampling. Buffaloes
were to blame in the majority of cases

(75%) and were also responsible for the
most serious  damage. Bushbuck and
duiker were guilty 1n 207 of all cases,
but generally for only mingr damage.
Elephants were far less responsible for
crop damage (3% of cases) than general-
ly believed; but the devastating nature



Table 7.2

Local Perceptions of Park Conservation Values

Subject 1979 1984
Responses % %

Tourienm

national benefits

yes 65 85

no 11 5

don't know 24 10
regional benefits

yes 39 31

no 50 11

don't know ’ 11° 8
personal benefits

yes . 26 49

no- 72 50

don't know 2 1

Forest Valuesg*

no value 17 22
rain/climate 19 21
2rosion control 7 11
wildlife refuge 19 28
tourism 0 5
researcn 0 2
don't know 38 11

Wildlife Valuyes*

no value 14 24
tourism 39 52
research 1 1
assthetic 1 1
species preservation 0 1
don't know 44 16

Open Park to Exploitation

yes 51 29
no 49 71

" non-consumptive values: multiple responses permitted

source: AW Weber. 1986, 1981, and unpublished doctoral research



of their passage through a field, no
matter ihow infrequently, may help to
explain exagerated local fears.

The preceding information helps to
better understand the animal impact
situation. It is apparently not as

pervasive as popularly believed and it
is largely Jdue to one animal: the
buffalo. The 1impacts are nevertheless
serious within a restricted area around
the park, where most of the people
depend entirely on the agricultural
production from very small farms. The
park service has recognized this fact
through its willingness to pay reason-
able claims. Yet since the problem
seems to be cscalating in recent years,
this matter should certainly be given
greater attention as a management 1issue
which, at the least, results in nega-
tive local attitudes toward the park.

Conclusions.

The overall situation in the VNP is
positive, Park conversion appears to
have been halted; poaching has been
reduced, thouzh not eliminated; the
population of mountain gorillas is
growing for the first time in nearly
chirty years; local attitudes toward
the park are increasingly positive; and
significant tourism revenues provide
both justification and support for
intensified government efforts to
protect the park and its wildlife.

The most immediate manapgement problem
to be dealt with 1is that of buffalo
damage to crops. This should receive
priority attention, with a dual empha-
sis on damage control and better under-

standing of the reasons behind the
buffaloes' behavior.  The lack of the
latter, however, 1s symptomatic of a
larger problem in the VHNP: with the
notable exception of the mountain
gorilla, the available information
about the Virunga ecosystem and its
component species 1s seriously inade-
quate. Increased knowledge of these
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subjects 1is essential to improved,

long-term park management.
Recommendations.
Applied research.

1. A study of the Virunga buffalo
population should begin immediately.
This should be designed to provide
information on  population dynamics,
distribution, behavior and ecology.
Following 1 -2 years of intensive
study, sufficient baseline data would
exist to permit periodic monitoring of
the situation on a long-term basis.
Results of the initial study, however,
should be incorporated into management
plans as soon as possible.

2, Studies of other animal popula-
tions should be conducted. Elephants
and antelope would be obvious choices,
given their uncertain status and their
implication din crop damage. Birds,
too, should be considered as priority
subjects due to their proven value as
indicator species of habitat change and
degradation.

3. Detailed maps should be made from
aerial photos of the different vegeta-
tion zones and plant communities of the
park. At the same time, field studies
should begin of these communities and

the dynamics of ecological change and
succession. This information is not
only valuable on its own, it 1is also

essential to a complete understanding
of animal behavior and ecology.

conducted of
role at both the
levels. This
entry fees to
spending (for-

4, A study
the park's economic
national and regional

should go beyond simple
examine total tourist

eigners and residents). FEmployment and
income generated by VNP tourism should
also be examined at both the primary
(park) and secondary (hotels, restaur-
ants, travel agencies, boutiques,
etc.) levels. Such information would

should be



help to better quantify tour-
could also help to
tourism revenues

not only
ism benefits, but
identify areas where
could be increased.

5. A study should be made of tourist
use of and iapact on the park. Cur-
rently, the vast majority of visitors
come to sex the gorillas. With only 21
places available per day, however, the
total annual carrying capacity of the
gorillas i35 7,005 persons. This figure
is rapidly being approached and is, in
fact, surpassed during the peak tourism
periods. The potential for developing
and  promoting other attractions (cam-
ping, hiking, specialty ‘tours for
birdwatching, etc.) within the park
should therefore receive priority
attention.

At the
should be
impact on
on trail
vegetation
littering,
Means to

same time, an assessment
made of current tourism
the park. This should focus
degradation, trampling  of
in the upper eclevations,
and  illeyal woodcutting,
control such negative impacts

should be established prior to any
expansion of the current level of
hiking and camping.
Management activities.

6. The role of the Yarisoke Research
Center (KRC) must Dbe enlarged and
better integrated into the managenent
structure of the park. No modern park
can  function well without a research

component to provide information on the
state of the ccosystem. The applied
research topics described above are
examples of the kind of work which KRC
could coordinate and analyze for park
authorities.

Up to now, XKRC has had a very narrow
focus on sorillas. It has done this
very well, and 1its research results
have not only gained worldwide atten—

tion, but have also been applied to the
development of a model tourism program
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in the VNP.
definitely

While such re-earch chould
continue, KRC must also
broaden its range of activities tn
include other species and more aieneral
aspects of park ecology, The physical
infrastructure of the coanter is cer-
tainly able to support a larger team of
scientists and recruiting is now under-
way to attract qualified individuals.
By expanding its operations, Karisoke
would not only increase irs stature as
an international research center, but
would also make 2 preater contribution
to park management.,

buffalo excursions
receive the most
While waiting for

proposed ahove,

7. Controlling
from the park shouldl
immediate priority.
results from the study
several other options can  be tried.
Shooting bulfalo which leave the park
has been tried with mixed results. Tt
takes too much time to call a parlk
guard to the scene, and the resulting
damage to crops, especially  from the
crowd which invariablvy gathers, is
frequently worse than that caused by
the animal alone. The planting of an
impencetrable hedge  around the park
represents a  wmore passive approach
whi¢h has recently Dbeen tried by the
RRAM Project. Nearly three lkilometers
have thus far been planted with species
of Solanum aculeastrum (umutobotobo)
and Caesalpinia decapitala (umufatan-

awe), both of which are now beginning
to form thickets. While it 1is too
early to judge the offectiveness of

to be worth
larger

this approach,
extending this
area.

it appears
trial over g

Neither shooting nor constructing a
barrvier, howvever, will totally stop
buffalo  excursions. Farmers  living

along the edge of the park will have to

adapt to this fact of life. Such
adaptations can already be JSeen  in
changes in crop selection, as many

farmers are no longer planting corn.
The recent creation of a project to
introduce improved varieties of corn in



however, runs counter to
and should be modified to
the situation. A
should be to avoid
one-kilometer band

this region,
this trend,
avoid aggravating
useful first step
planting within a
around the park.

8. Training is once again an essen-
tial component 1in the management of
park resources. Rwandan personnel
currently manage most aspects of the

tourism program and are responsible for
the day to day execution of park secur-
ity operations. The MGP  plays an
important role in the organization of
the latter, however. The establishment
of close counterpart relations is
therefore essential to assure that the
necessary skills are passed on to
Rwandan personnel.

Rwandan scientists with the training
to conduct research on wildlife and
natural ecosystems are almost totally
lacking. As a result, research at KRC
has been conducted almost exclusively
by expatriate scientists. The recent
creation of an ecology program at the
National University, however, has begun
to produce gradnates with preliminary
training in appropriate subjects. Some
of these have conducted their resecarch
in the park under the supervision of
the KRC Director. This program should
continue, and provisions should be made
for more advanced training and con-
tinued research support for the more
promising participants.

9. Strong consideration should be
given to some kind of revenue-sharing
arrangement Dbetween  ORTPN  and the
communes vwhich border the park. This
could be extremely helpful in promoting
local support  for park protection
efforts, without incurring major costs
for the park service. An arrangement
could be wmade by which the six border-
ing communes would receive 5% of direct
park revenues each year, the distribu-
tion of which could be made on the
basis of relative area, or perhaps
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through incentive awards based on the
relative incidence of poaching/tree
cutting in each commune.

10. Numerous  other recommendations
have Dbeen made in a recently-approved
S5-year management plan for the VNP (see

References), developed by the MGP and
Rwandan park authorities. This plan
should be supported by appropriate

domestic and international institutions
so that it can be fully implemented as
soon as possible.

V!



CHAPTER EIGHT: LEGISLATION
AND INSTITUTIONS

Human heings are  natural resources
which play 2 major role in  the func—
tioning of any ecosystem. They do so
directly throush their collective uze
of other resources,  and  indirectly
through the activities of institutions
which they create, In preceding chap-
ters, the direct impacts  of human
resource use and abuse  have been amply
described. 1In this chapter, attention
is focused on the role of institutional
structures and  their gpuiding legisla-
tion in envirommental management,

Legislation.

no existing laws in Rwanda
‘the environment in a com-
prehensive  manner. The  patchwork
legislation which does exist falls into
two ueneral categories: outdated relics
of the colonial past, and more recent
laws wvhich tend to take a more narrowv,
sectoral approach to specific resource
issues.

There are
which treat

The colonial legacy includes numerous
decrees which remain technically opera-
tive, but which no longer retain any de
facto value. These cover the conserva-
tion of forest resources (1915, 1930,
1933, 1933); the establishment of the
national park (1925, 1934); the protec-
tion of water sources (1914, 1952); and
a variety of human land use issues.

Following Independence, several
modifications and additiens to these
laws were nade, the most important of
which concerned the creation of the
Rwandan National Park Service (ORTPH)
in 1974; the reclamation of abandoned
mining sites (1971, 1976); and the
establishment of a national law on soil
conservation (1982). The latter is
especially important as an attempt to
regulate soil erosion and degradation
in a comprehensive manner.
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Other laws of environmental interest

are currently being considered by the
Rwandan 2OVeriuntny . The Hatinnal
Forestry Law would provide 1 legnl
Structure for  the protection »f syist-
ing forests, the prosstion  of sound

livels,

management practices at a1l and
a4 solid  ecconomic foundatinn {51 futnre

vood  resource  developnont., Tt woull
also create Forestry  and Eavironmant
Commissions in each of the country's 19
prefectures, The  fact that this law
has  been under consideration for more
than two years reflects  Loth its comn-
prehensive  and, appareatly, eontrover-
sial nature. Its mere cxistence in
draft form, howaever, should be recog-

nized as a positive development,

Even  more far-reaching  than  the
forestry lawv is that whish concerns
land use and land tenure. First pro-
posed in 1973, this law would result in

2 fundamental restructuring of land use

rights and practices. While many are
convinced of the need for such radical
change —- in the interest of rational

sound resource manage-
delay thus far in

development and
ment the 10-year
its implementation reflects an impor-
tant fact: .o matter how chaotic the
traditional system may scem, it has the
great advantage of familiarity. And it
will probably take a crisis situation
to bring about any fundamental change.

The final legislation of interest has
a much more narrow focus on mining and
other extractive operatinons such as
brick-maling and peat production. The
proposals under consideration would
serve primarily to regulate on-site
impacts (pollution, erosion) and assure
adequate reclamation of  abandoned
areas.  While these are worthy goals,
it should be recognized that the recent
collapse of Rwanda's mineral export
operations -~ an important Source of
both foreiun revenue and employment --
has resulted in economic considerations
which currently outweigh those of
environmental protection.



The 1legislative basis for improved
resource management 1in Rwanda is thus
not. very sounl. Whatever their merits,
colonial statutes are no longer opera-

tive; modern laws have taken their
place in wsome sectors, notably taat of
soil «conservation, but not in others;

and pending legislation on forestry and
general land use has been held up
because of the complexity of the issues
involved. The latter situation would
also scem to indicate that prospects
for any more comprehensive legislation
on environmental matters are not very
positive, Yet even without the desire-
able lepal frumework, resource manage-
ment does woccur under the policies and
guidelines  established by Rwanda's
institutional structrures.

Institutions.

Whereas Rwanda may be poor in legis-
lation, it is rich 1in institutions.
For the purposes of this report, an
institutinn i3 considered to be an
organized administrative structure,
which controls the of certain
financial, wmaterial and human resources

use

to wmeet its oestablished responsibil-
ities and objectives. TIn Rwanda, most
of these are central pgovernmant agen-
cies and soervices, vwhile many fewver

institutions operate at the regional or

local level. There are virtually no
non-governmental organizations of any
signiticance. On a  parallel ctrack,

however, there are many foreign insti-
tutions ranging from large multilateral
and bilateril assistance agencies to a
variety of lGOs. *ost of these nation-
al and international institutions play
some role in resource management; yet
coordination among them 1is thus far
poorly devcioped,

multitude of Rwandan
ministries and associated services are
concerned, to varying degrees, with
environmental and resource issues. The
following list presents the principal
actors and their responsibilities.

National. A
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MINTSAPASO.

MINAGRI,

The !Ministry of Public
Health and Social Affairs includes an
Office of the Environment. Officially,
this office is charged with coordina-
tion of all activities relative to the
“protection, conservation aml promotion
of the enviroament'" a4t the national
level. 1In 1ract, this oftice has very
limited resources at its disposition
for this task, and has thus far tended
to focus on a more narrov range of
environmental health 1issues. Tv did,
however, take the lead role in organiz-
ing the First National Seminar on the
Environment in September 1985.

Despite MINISAPASO's official
dinistry of Agriculture,

Forests is without ques-
tion the lead institution for most
resource issues in Rwanda. This can be
seen in the functions and responsibili-
ties of three major Jdivicions within
this ministry.

role, the
Livestock and

The Direction-General of Rural Engin-
eering and Soil Conservation contains
several important services. The Direc-
tion of Soil Conservation 1is respon-
sible for all aspects of erosion con-
trel; the Hydrologic Service is respon-
sible for the collection and publica-

tion of all hydrological and agro-
climatological data; and the division
of Marsh ’Management oversces wetlands

development activities. In addition,
it has recently been proposed that an
office of apgroforestry be established

within this Direction-General.

Forests is

of MINAGRI.

The Direction-General of
another important branch
It 1is responsible for virtually all
aspects of forestry, from strategic
planning to the identification of
appropriate species and techniques.
The DGF 1is also notewsrthy for its
relative idepth of qualified personnel,
including hundreds of foresters now
working with projects in the field.
International assistance has helped
support the training of these cadres.



The third branch of MINAGRI with
direct involvement 1in resource issues
is the National Agricultural Research
Institute (ISAR). This institute is
charged with the responsibility to
carry out research of relevance to
agricultural development in  Rwanda.
The question of relevance i3 an impor-
tant one for I5AR, as its work has
often been criticized as too academic
or too removed from  the country's true

~eeds. Recently, however, the Insti-
tute has increased 1its commitment to
applied research on agroforestry and
erosion and seems intent on malking a

greater contribution in these areas.

Jdinistry of  Public
also involved in
nf enviranmental
Cartographic Service
the production and

HINITRAPE.  The
Works and Energy is
multiple  aspects
management, -[ts

is responsible for

dissemination of all map products, as
well as  for the maintenance of past
aerial photos. In addition, other
branches of MINITHAPE are charged with
the planning and oversipht of all
building, urban davelopment and road

construction projects
the management of rural

in the country;
water supplies

and lakes: and the development  of
traditional  and alternative energy
sources. The technical staff required

to carry out these tasks has been both
enlarged and  improved over recent
vears; but insufficient attention still
appears to bhe given to environmental
impact assessiment of the ministry's
various projects.

HINIMART. The ‘inistry of Mines and
Industry has obvious linkages with
environmental issues. Yet it must be
noted that impact assessmen: and con-
trol have been given relatively low
priority in  favor of exploration,
exploitation and commercialization
activities,

ORTPN. The Rwandan Office of Tourism
and HNational Parks has comparable

status to that of a ministry through
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its direct attachment to the Presidency
of the Republic. Created 1in 1974,
ORTPN  is uniquely responsible for the
management  and  protoction of Dwanda's
two national parks. Tt is also lagally
responsible for the conserviation of all
natural flora and faunn outside of the

parks. The application of this more
general mandate, however, has thus far
proven to be quite complicated, due to

overlapping responsibilities and inter-

ests of other ministries.

MINEPRISEC.  The llinistry of Primary
and  Secondary Lducation has played an

increasingly important rol2 in environ-—
mental education in recent years. The
extensive revision of school curricula

in the 1late 197Us proviled an opening
for the improvement and addition of
courses ranging from general environ-

mental studies to more specific courses
on ecologyv, forestry and nature conser—
vation. While many teachers still have
inadequate training in these subjects,
they at least now have the texts neces-
sary to  help promote oenvironmental
awvareness among their students.

HINESUPRES.  The llinistry  of Higher
Education and Research should be the
first institution to benefit from the
improved education provided at the
primary and secondary school levels.
This wministry is responsible for both
the national university  system (UNR)
and the national scisntific research

The f{ormer can be
overemphasis on

institute (INRS).

criticized for its
traditional academic courses, which do
not  necessarily respond to the coun-
try's needs. With regard to natural
resources, however, the Ruiiengeri
campus has a well-developed geopraphy
program, and the DButare campus has
recently added a small program in
ecology. Interdisciplinary programs in
environmental studies or natural re-
source management, though, are totally
lacking. TINRS does not {ill this void,
either, as it is primarily oriented
toward the humanities and supports very

W\



little current research in the natural

sciences.

ORINFOR., An institution which does not
receive sutficient credit for 1its

contributions to environmental educa-
tion is the Rwandan Office of Informa-
tion. Through its programming on Radio
Rwanda, ORINFOR has the capability of
reaching a greater percentage of the
population than any other medium. The
atcent placed on  "Information and
Environment” in 1986 served to high-
light the potential of this service.
MININTERDECO. In addition to its
function of coordinating regional and
local government functions, the !Minis-
try of the Interior and Communal Devel-
opment is also charged with oversight
of all extension education programs
taught at Comnunal Centers for Perman-
ent Training and Development (CCDFP).
These cover a broad range from literacy
and health programs to those concerned
with crosion control and agroforestry.
The national network of CCDFPs is not
yet complete, however, and it is too
early to judge its ecffectiveness.

MINIPLAN, The HMinistry of Planning
plays the central role in the formula-

tion of national development plans. As
such, it deserves considerable credit
for the emphasis on sound resource
management which appeavs in the most
recent Five-Year Plan (1Y52-19806). At
the same time, however, it must be
noted that responsibility for execution
of specific policies falls on the other
ministries wore directly concerned.
Thus, it can be seen that there are
multiple institutions with overlapping
environmental responsibilities. Con-
spicuous by its absence from this list
is a Ministry of th [ivironment, or of

Natural Resources. Nothing of this
name or equivalent function exists in
Rwanda. This absence 1in itself does

pose serious problems;
of a

not necessarily
yet it does preclude the presence
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lead institution which can coordinate
activities in this critical area.

The mechanism by which the Rwandan
government currently deals vith issues
requiring such  coordination is the
Interministerial Coordinating Commis-

sion (ICC).

are now six

Established in 1984, there

ICCs, each of which is
composed of representatives of those
ministries concerned with particular
issues. Their areas of responsibility
range from political security to educa-
tion, but none is specifically charged
with natural resources or the environ-
ment. Two of these, however, deal with
the related topics of Rural Development
and Health, and Land Use, Water and
Energy. Tt remains to be scen whether
tt :se institutions can adequately serve
their intended functions of liaison and
coordination, especially with regard to
environmental issues,.

International, The number of inter-

national agencies and organizations
present in Rwanda is even greater than
that of national institutions. They

generally provide technical and finan-
cial assistance to the government, and
many are involved with resource and
environmental issues.

multilateral
World Bank,

the
is the

The largest of
assistance agencies

which is primarily a lender institu-
tion. In addition, there are several
multilateral donor agencies, such as
the [European Development Fund, the

United Nations Development Program and
the U.N. Food and Agriculture Organiza-
tion.

to their support for the
organizations above, many
also maintain  bilateral
assistance propgrams in Rwanda. The
principal donor nations include Bel-
gium, France, West Germany, Switzer-
land, Canada and the United States.
Lach of these missions supports a
variety of projects, with an increasing

In addition
multilateral
countries



emphasis on resource management issues,
such as the conservation of forests,
soils, wetlands and parks.

A large number of non-zovernmental
organizations also  provide technical
assistance to  [lvanda. These  NGOs

represent a1 broad spectrum of foreian
interest groups, ranging froum religious
institut.ors to wildlife conservation
organizations. While the latter (World
Wildlife Fund, African Wildlife [Founda-
tion, New York Zoolopical Society) are
obviously concerned with environmental
affairs, it should also be noted that
many other NGOs are active in the
natural resources sector.

Analysis and Conclusions.

Rwanda does not have a strong legal
foundation from which to attack envir-
onmental problem.. . Yet even with such
a foundation, the primary responsibili-

ty for dealing with these problems
would still 1lie with the appropriate
national institutions, As  described
above, these are numerous, varied and
increasingly  dedicated to effective
resource management. At the same time,
they suffer from a common lack of

personnel, fundi.g and coordination.

Institutions are
people who staff then.

only as good as the
In the past 10

years, Rwanda has greatly increased
both the quantity and quality of its
technical and administrative personnel
through improved training and recruit-
ment programs, Numerous problems
remain, hovever, First among these is
the overwhelming fact that there are

still too few people for the work that
needs to be done. The national soil
conservation program, considered to be

of primary impertance, 1is run by a
technical staff of 3 persons. The
national forestry program has the
luxury of a slightly larger staff, but
many other programs have no more than
one or two responsible persons. In
addition, many of these individuals
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must play dual roles as hoth technician
and administrator, with the latter
often taking precedence in the case of
conflicts,

There is also a question of the
nature of the training »f key person-
nel. !lost of those now recsponsible for
natural resource  or  environmental
programs have university level educa-
tions. Their training has been primar-
ily in agronomy, however. Hone of the
current decision-makers have advanced
degrees in either general environmencal
studies, or more specific areas such as
soil conservation or water resource
management, This combination of lim-
ited personnel and a  lack of appropri-
ate training has serious impacts on the
formulation and execution of policies,
as discussed below,
more criti-

These issues become nven

cal at the regional and local levels.
Lach prefecture has one agricultural
agent  and one forester (o represent

MINAGRI and
of its policies at

oversee the tmplementation
the regional level.
Communes and sectors are  also supposad
to have their own scuch agents; but
since responsibility for their salaries
was switched to local unvernments,
their numbers have decreased. Tt is
also generally true that level of
training declines as one moves down the
hierarchical structure from the central
government to the localities. Yet it
is the local agent who is the critical
link in the transmission of policies
and techniques to the general popula-
tion. Thus more technicians need to be
trained, and their training needs to be
of higher quality.

Increased hiring and training require
additional funding. The central gov-
ernment, however, lacks the necessary
resources for this effort, and local
governments have even great®r financial
difficulties. International agencies
have therefore been asked to help in
this regard. Much of the advanced

[
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of higher level technicians
supported by these agencies.

also invested in on-the-job
and  helped to increase the
of  technicians throuph direct
hiring of hwvandan  counterparts  and
other project personnel. This is a
valuable contribution; but it is not
without 1ts own inherent problems. The
principal question to be raised is
viuether the Rwandan  gevernment will
eventually be able to absorb these
people; or will the country continue to
be dependent on foreipgn sources of sup-
port for critical personnel and ser-
vices.

training
is now
They have
training
number

Coordination among the various insti-
tutions concerned with environmental
atfairs is also a major problem. There
is considerable overlap of responsibil-
ities, as well as many gray areas where
responsibility is not clearly defined.
MINITRAPL, tor example, is responsible
for road construction, bLut it is not at

all clear who 1is responsible for the
subsequent restabilization of road-
sides. With regard to water, three

different offices assume responsibility
as it moves through marshes, into lakes

and then through hydroelectric tur-
bines. At a more general level, many
services are dependent on  ISAR  for
research results: but no mechanism

exists for the necessary two-way infor-
mation flow between planners and re-
searchers. Finally, it is clear that
there 1is no central institution which
has taken full responsibility for the
coordination of environmental affairs.
MINISAPASO is charged with this respon-
sibility, but does not have the person-
nel necessary to effectively do the
Jjob. The ICCs were created to assure
such coordination, but none is specifi-
cally concerned with the environment or
natural resources,

Coordination among the international
agencies, as well as between the latter
and the gpovernment, 1is also problem-
atic. Due to a combination of inade-
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and a certain
competition, the development
agencies have not coordinated their
activities to make the best use of
their technical assistance. The result
is redundant efforts in many areas,
while other sectors receive little or
no support. In addition, the financial
power of these agencies enables them to
establish programs which are not always
in accord with government priorities.

quate communication
degre? of

Finally, it must be said that neither
the government nor the international
agencies have made sufficient efforts
to include local interests in program
development. Projects have tended to
be developed in a top-down manner, with
very little 1input from local popula-
tions or their regional governments.,
This is understandable given the rela-
tive weakness of the latter; the lack
of established two-way lines of commun-
ication; and the limited time and
personnel available for project devel-

opment. Yet without input from those
people mnst affected by various pro-
jects, failure rates in the field will

be higher than necessary.

The combined effect of all these
problems can be seen in resultant
policies. Despite very good intentions
and a lot of serious work, there are
some important flaws in current envir-
onmental policies. VFirst, there 1is no
one central institution to focus atten-
tion on «critical issues and to assure
the communication and coordination
necessary to deal with them. The
result is a mix of more narrowly de-
fined sectoral policies which sometimes
miss important problems, and which
often fail to take account of inter-
relationships between sectors.

These sectoral policies are further
flawed by personnel problems. Lacking
adequate support staff, decisibn-makers
are forced to rely on global strate-
gies, which often fail to take regional
differences into account. Responsibil-



implementation of these
strategies then falls to field person-
nel, who generally lack the numbers,
training and lncal Support structure Lo
do an effective job., The end result is
an inefficient approach tn natural
resource management.,

ity for the

Recommendations.

and institutional struc-
tures reflect a nation's particular
history and state of development.. As
such, they show considerable variabili-
ty from country o country. This is
especially true with regard to environ-
mental affairs, which have only recent-
ly emerued as a subject of importance.
Many different approaches are thus
being tried, and no ane country has
developed . a universally  applicable
model, Rwanda  can  profit  from the
experience of others in this resard,
but it will have to develop structures
in accord with existing administrative
and economic conditions. The following
general recommendations  are  made in
recognition of these limits.

Legislative

1, Legislative  initiatives should
not receive  priority attention, since
they are likely to be ineffective
without adequate  institutional sup-
port. It would nevertheless be useful
to establish a commission of Jjurists
and resource specialists to review all
existing lepgislation with repgard to the
environmant, Following this review,
the commission  should make recommenda-

tions for reform, to be discussed in an
appropriate national forun.
2, Effective environmental manage-

ment requires a centralized institution
responsible for its coordination. The
creation of a1 Ministry of the Environ-
ment, howcver, coems neither necessary
nor appropriate in the current Rwandan
context, Instead, a National Commis—
sion on the Environment could be estab-
lished under the auspices of the Presi-
dency of the Republic. This Comnission
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should be composed of appropriate
representatives of the major ministries

and services described atove, and
headed by a Presidential appointen,
Its principal task would pe to assure

essential communication and coordinmn--
tion amony its members and to propnse
specific actions whero required.  That
such recommendations  would have the
necessary weight  would he  assured by
the Commission's attachment to the
Presidency.

3. Experience in  most other countries
has shown that gnvernment agencies are
rarely able to combipe research with
planning and manazenont activities. A
National Institute for Lnvironmental
Studies should therefors he established
to assure that the Mational Conmission
and  concerned ministries will have
adequate information on which  to base
their discussions and recommendations.,
To avoid replication of responsihili-
ties and unnecessary expense, however,
this Institute should alsoe be formed
from existing elements.

The  most appropriate  formulation
would be to draw upon the personnel,
infrastructure and resources of the
National University and the research
institutes of ISAR and INRS, The
Institute would ideally be responsible
for: all applied research relevant to
resource management; specific studies
requested by the National Commission or

particular ministries; and direct
collaboration with developmant agencies
in  pre-project environmental  impact

assessments. To ascsure commmnication
of both needs and results, the Tnsti-
tute would be represented on  the Na-
tional Commission.

4. The Institute for Lavironmental
Studies should also play an important
role in improved in-coungry training

and education. To this end, its per-—
sonnel should help to develop and teach
courses in an interdisciplinary program
of environmental studies at the Jdatio-



nal University. In addition, they
could organize seminars and short
courses for government employees on
appropriate topics. These two activi-
ties would not only help to produce
more and Dbetter qualified technicians
and managers, but would also sarve 1o
break down current barriers between
academic studies and the real worid.

Additional training of 2zovernment
personnel 1is also required, as de-
scribed in previous chapters. Much of
this will be in traditional disciplines
and take place at foreign universi-
ties. A few qualified candidates,
however, should also be identified for
higher education in resource management
or environmental studies. Such train-
ing is essential to provide the inter-
disciplinary perspective required to
deal with increasingly complex and
interrelated environmental problems.

5. The 1international organizations
which operate in Rwanda can make two
valuable contributions to improving the
situation described 1in this chapter.
First, they should increase the level
of communication and collaboration
among themselves and with the govern-
ment to put their collective resources
to best use. And second, as a result
of this, they should ~ .e a long~term
commitment of technical and financial
assistance to help implement the recom-
mendations on institutional development
and training outlined above.
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CHAPTER NINE: CONCLUSION

The preceding chapters have presented
a general description of the Ruhengeri
environment, followed by more detailed
analyses of problems in five primary
resource scctors: soils, wood, water,
parks and human resources. This pre-
sentation has not been exhaustive, due
to limits of time, personnel and “the
availability of information. Yet it is
sufficiently complete to satisfy the
objective of this report: to provide a
comprehensive base of information on
environmental issues, from which the
discussion and planning of effective
resource management policies can pro-
ceed,

In this final chapter, a summary
description of the state of the Ruhen-
geri environment 1is presented, which
includes current trends and a disquiet-

ing look at the future. This is fol-
lowed by a concluding statement about
the value of this report hoth as a
product and as part of an on-going
process of dealing with environmental
issues.

The State of the Ruhengeri Environment

Its combination of bio-physical and
socio-economic attributes makes the
Ruhengeri environment extremely com-
plex. Full  understanding of this
complexity is further hampered by a
lack of complete infermation. Suffi-
cient inforwration now exists, however,
to assess curreat trends and to con-
sider where these wmight 1lead in the
not-too-distant future.

Positive trends are evident in all of
the major resource sectors considered
in this report. After a long period of
inadequate attention to the problem, a
national policy which promotes soil
conservation has heen established. In
Ruhengeri, ne results can be seen in
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the serious effort which its population
has made in recent years to control
soil losses from farmlands. Similarly,
reforestation efforts over the past 10
years have definitely reversed past
trends in de.orestation, resulting in a
significant increase in total forest
cover, The development of new vater
sources has also continued at a rapid
enough pace to keep total supply ahead
of demand, And conditions in the
Volcanoes National Park have improved
to the point where it is now cited as a
model  for park management in other
areas, Finallv, there is clear evi-
dence of interest in resource issues on
the part of authoritiecs, planners,
techniciuns and the general population:
interest which is reflected in policies
and the search for solutinns to exist—
ing problems.

Yet, despite this progress on several
fronts, there are also numerous trends
of a more negative -- and worrisome —-

nature. [First and foremost among these
is that of population growth. While
the resource hase remains  constant, or

at  best expands on a linear scale,
population continues to expand at an
exponential rate. Ruhengeri's current
population of 55,000 (1986 estimate)
will reach 1,000,000 in the year 2000,
at the present 2.9% annual rate of
increase. And if outlets [or emmigra-
tion are closed off, as now appears to
be the case, that figure could be
another 100,000 higher. The region's
ability to provide land, wood and water
(not to mention education and employ-
ment) in sufficient quantities for even
this large a population is very doubt-

ful. Tts ability to support 2 million
people hy 2026 -- only 40 years from
now -- seems entirely out of the ques-
tion.

The stress of supportigg just the
current population is already evident
throughout the Ruhengeri environment.

At a general level, land use has become
both more extensive and morc inten-



sive., Formerly marginal areas such as
steep hillsides, rocky outcroppings and
marshlands have all been brought into
cultivation. Pasturelands are being
converted to farmlands, and farmers
report productivity declines on their
older fields. This is largely due to
reduced or abandonned fallow periods
and the inability to replace depleted
nutrients and organic matter. But in
many areas erosion is also taking its
toll. Despite increased soil conserva-
tion efforts, more land than ever is
now cleared for cultivation and thus
exposed to erosive rainfall. In addi-

tion, the construction of new roads and
buildings has provoked  considerable
erosion, the control of which does not
appear to be covered by current soil
conservation policies.

The increased runoff which results
from such extensive land  use changes,
in the absence of adequate soil and
water conservation  measures, has a
significant impact on the region's
hydrology. Water arrives mere quickly
into valley bottoms, where the removal
of natural vegetation and  the develop-
ment of drainage systems combine to
speed its passage into streams and
rivers. HMeasures of water flow at the

outlet of the Iiukungwa River indicate
that this situation may be widespread
throughout the watershed, although the
rapid fluctuations and flooding which
usually accompany this phenomenon are
not yet apparent,

has also created
Yet refor-
face

Population pressure
increased demand for wood.
estation efforts increasingly
conflicts over competing land uses,
especially for agricultural produc-
tion. The result is growing unwilling-
ness to dedicate signiticant areas to
exclusive forestry uses. Water source
development does not entail the same
conflicts, but new sources are increas-
ingly difficult to find and the level
of technology required for their ex-
ploitation continues to rise. In the
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face of these multiple demands, even
the Volcanoces Park 1is not immune to
pressure to exploit its wood, water and
wildlife -~ not to mention its land.

Beyond these primary issues of land
and resource wuse, there are other more
general trends which complicate the
situation in Ruhengeri. Tcechnologies
which are no longer appropriate con-
tinue to be promoted, while potential
alternatives receive insufficient
attention. Overdependence on planta-

tion monocultures of Lucalyptus trees
is one example. Current forest poli-
cies call for preater diversity in

plantation stock and increased emphasis

on agroforestry; but the required
species and techniques have not been
fully tested, Jlet alone put into vide

distribution. Reliance on infiltration
ditches and grass hedgerows for erosion
control is another example. The former

technique has been shovn to have a
destabilizing linpact under  certain
conditions, and the latter has proven
its inability to succeed on steep
slopes without additional physical or
biological support. Yet government

agents in the field continue to promote
both techniques, lacking viable altern-
atives. Failure to develop and promote
rainwater catchment systems and alter-
native energy technologies can also be
included in this category.

To a certain degree, these problems
of inappropriate technologies are a
function of a broader problem: the
general lack of flexibility in resource
management strategies. Almost all of
these strategies share three common
characteristics: they are  centrally
conceived by national planners; they
are based on a limited package of
technological options; and they are
then supposed to be uniformly imple-
mented across the entire country. As
seen from this report, howgver, the
diverse ecological conditions in Ruhen-
geri require strategies which offer
more flexibility, as well as more


http:adequ,,.te

creative approaches to deal with chang-
ing conditions in a complex environ-—
ment. This flexibility 1is even more
important when one considers the di-
verse conditions present at the nation-
al level.

The currvent
environment is

state of the Ruhengeri
therefore precarious.
The many positive trends must be set
against others of a negative nature:
and while the present situation appears
to be one of delicate balance, there

are very strong indications of future
imbalances, primarily due to uncon—
trolled population growth.
the future
Predicting the future is always a
high-risk enterprise. This is espe-—
cially true when human behavior and

technological innovations are critical
factors in the ecquation. Yet it is
vorth considering the foilowing scen-
ario of min:resource relations in
Ruhengeri twenty years from now, in the
year 2006:

-— Approximately 1,200,000 people
will live in the prefecture, or nearly

double the number at the time of the
1984 Agricultural Survey;

-— The size of the average farm will
be only 50 ares, and one-third of all

farm families will be forced to subsist
on less than 25 ares;

——- A large percentage of those on the
smallest and most marginal farms will
be forced to abandon their uneconomic
holdings, becoming tenant farmers or
unemployed migrants to towns:

—— The quality of farmland will
steadily decline, as size constraints
preclude fallow periods and inhibit
farmer willingness to "give up" land
for erosion control structures;
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-- Tamily woodlots of the current
size (5.5 ares) will provide only 0,14
m3 of wood per person per year, yet
will take up 11% of the farm:

== To be self-sufficient in wood
energy, the average family will have to
plant 00% of its land in trees, leaving
only 20 ares for food production;

—-- Water sources capable of providing
24 million liters per day will have to
be developed and maintained;

-~ The prefecture's 23 regional
health centers will each have to serve
an average of 52,000 people.

This scenario is based on simple
extrapolations from current conditions
and trends, which it assumes will
remain unchanged. As such, it is
certainly open to criticism. Yet what
are the indications that major, posi-
tive changes will occur within the next
20 years? There are three principal
factors in this equation: land, people

and technological innovation. The
regional land Dbase cannot increase in
any significant way (even converting
the park would only provide extremely

marginal land for the equivalent of one
year's population prowth). Further-
more, people show no sign of voluntari-
ly decreasing their high birth rates
(fewer than 7% of all women in Ruhenge~
ri were found to be practicing some
form of contraception in 1983, accord-
ing to the National Fertility Survey),
which are the driving force behind
rapid population growth, And  while
radical technological changes in re-
source wuse  (improved farming tech-
niques, alternative energy  sources,
etc.) could occur, few are evident at
this time, and none are in wvidespread
practice.

The scenario presented above thus
retains a sutficient degrec of validity
as at least a starting point for re-
flection, discussion and, most impor-



tantly, action. And the future of the
Ruhengeri environment must therefore
also be seen in quite negative terms.
Unless radical remedial action is taken
soon, the resional ecosystem is heading
tovards a state of chronic, and poten-
tially catastrophic, imbalance due to a
population that 1is too larue trying to
live off of a limited, and decreasingly
productive, resource base.

Information as Product and Process

The Introduction to this report was
intended to place current environmental
issues in Ruhengeri in a larger histor-
ical and international context. This
was done in the belief that it is
important to be uware of problems faced
by other people, at other times, and in
other places. But it is also important
to recognize that many of these people
and places have been able to resolve
their problems and recover from eco-
logical degradation. Ruhengeri is in a
position to similarly save itself from
potential disaster if effective plans
are developed and the necessary actions
are taken.

Before action can be taken, however,
a certain amount of basic information
is required. Just as no military
commander would think of preparing an
attack without adequate reconnais-
sance of the (comparative
strengths and problems of
terrain, supply etc.),
environmental problems cannot he com-
batted without prior assessment of
their origin and nature. This report
has been conceived and prepared to
provide planners and decision-makers
with such preliminary information on
environmental conditions in the Ruhen-
ageri prefecture,

an

situation
vealknesses,
logistics,

intended, however, that
this report will serve a dual function
as part product, part process. On one
level, it is a finished product: the
final report of the RRAM project's

It is also
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first phase. As such, it provides a
comprehensive description and analysis
of conditions and problems which should
help to better inform anyone interested
in the region. NOn another level, how-
ever, this report should ULe seen as
part of a process. First, in every
chapter, deficiencies and gaps in the
available information base have been
noted. Efforts  should be made to
correct or complete this information,
and thereby maintain a continually
improved data base from which updited
status reports can be made. Tinally,
it is hoped that the present document
will serve to stimulate interest and
discussion, and thereby help to further
the process of finding solutions to
problems of primary importance to the
people of Ruhengeri.



10.

11.
12,
13.

14,

15.

16.

17.

ANNEX A
PHOTOGRAPHS OF TIIE RUHENGERI PREFECTURE
Lower Mukungva Valley, showing confluence with the Nyabar-
ongo to the south, the Zaire-Nile Divide to the west and the
Central Plateau region to the east.

Buberuka region south of Lake Ruhondo.

Northern Lava Zone with Mts. Karisimbi and Bisoke in
background.

Deforested slopes of Mt. Kabuye.

Contact zone between the Rugezi Marsh (foreground) and
surrounding hills of Buberuka.

Raised bed cultivation in the Nyamusanze Valley (Buberuka).

-‘Vertical differentiation of land use, with houses, bananas

and woodlots on lower slopes and other crops higher up.

Shoreline of Lake Ruhondo, showing extensive raised bed
cultivation in bottomlands.

Reforestation on steep slopes above the Nyabarongo Valley in
southern Ruhengeri.

Confluence of the Giciye River with the Mukungwa (back-
ground), near the scholastic center of Tubungo.

Outlet of the Rugezi Marsh (background) via Rusumo Falls.
Rusumo [Falls.,

Raised bed cultivation and bananas along the Lake Ruhondo
shoreline.

Dam at natural outlet of Lake Ruhondo forces water through
conduits to drive turbines of Rwaza I hydroelectric station
downstream.

Extreme erosion has ravaged hillsides and flooded bottom-
lands in the Base Valley during recent years.

Erosion caused by secondary road construction in Cyeru
commune.

Landslides and slumps are most common in the Zaire-Nile
Divide region, as here in Nyamutera commune.
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19‘

20.

21,

22.
23,
24,

25.
20.
27.
28.

29.

30.

31.

32,
33.

34,

35,

36.

Although generally protective of the soil, even banana
stands can be washed away on unstable slopes.

Construction of the Kigali-Ruhengeri paved road resulted in
major impacts on the lacal environment.

Failure to quickly re-establish vegetation cover on exposed
roadsides has resulted in serious erosion problems along
sections of the Ruhengeri-Kigali highway, 2 years after its
completion.

The erosive power of Lava Zone torrents can be seen along
the Rwebeya, where it threatens to cut off the principal
access road to Kinigi commune and the Volcanoes Park.

Crop and streambank damage along the Rwebeya.

On-site erosion at the Gifurwe wolfram mine 1in Cyeru.

Mine tailings and arsenic contaminate the Nyamusanze River
below the Gifurwe mine.

Raised bed cultivation and brick-making along the Mukungwa,
Confluence of the Mukungwa and Nyabarongo (foreground).
Mixed cropping of beans and bananas in Kinigi commune.

0ld Lucalyptus plantation in Kinigi.

Remnant native tree species attest to the former presence of
gallery forest below Rusumo Falls.

Isolated household complex (rugo) surrounded by trees,
bamboo, bananas and potato fieids in the Lava Zone.

Traditional rugo on- lover slopes, with raised bed cultures
in front and bananas, other fields and woodlot above.

Woman in front of entrance to traditional house.

Despite its problems, Ruhengeri is still highly productive.
The youth of Ruhengeri hold the key to the region's future:
they are better educated, in better health —- and more
numerous --— than preceding generations.

Hagenia silhouctte at nightfall in the Volcanoes Park.

High rainfall and humidity support abundant vegetation
growth in the Virunga natural forest.
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37.

38.

39.

40,

41,

42,

Marsh communities of grasses, sedges, mosses and Lobelia are
commori. in the saddles between the volcanoes.

The distinctive form of the llagenia tree characterizes the
forest in the western sector of the park.

Mts. Bisoke and Sabyiniu as seen from the sub-alpine zone on
Mt. Karisimbi.

Gorilla mother and infant surrounded by other family members
during a mid-day siesta.

Despite their superior size and strength, gorillas have
proven to be remarkably tolerant of human visitors, thus
permitting long-term scientific studies and the development
of an economically important tourism program in the VNP,

The black-fronted duiker (Cephalophus nigrifrons) is among
the more than 60 species of mammals protected within the
Volcanoes Park.
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Figure B.1l
LOCATIONAL GRID SYSTEM

This map shows the grid system used for PMAP data take-off. It i
a reduced version of larger grids which were used for maps at
scales of 1:20,000 and 1:50,000, Each cell represents one square
kilometer. Exact locations on this and the following computer
maps can be determined by reference to the numeric coordinates
along the vertical and horizontal axes (e.g., the communal center
of Kinigi is locat=d in cell 20-20; that of Nyamugali is in cell
51-39).
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GENERALIZED SLOPE MAP
Cells
Symbol Label (km2) % Prefecture
o Low Slope (<7.5%) 490 32.32
-- Medium Slope (7.5-30%) 728 48.02
++ High Slope (>30%) 298 19.66
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ANNEX B
RRAM PROJECT GEOGRAPHIC INFORMATION SYSTEM

The problems of environmental degradation described in this
report require remedial action. Yet, 1in many instances, more
complete understanding of the problem is required before action
can be taken. To achieve this level of understanding, better
information (more accurate, complete and current) must first be
obtained, and then organized and presented in a format vhich is
readily wuseful to decision-makers. The geographic information
system has considerable potential as a tool for such organization
and presentation.

Description,

The function of any 1information system 1is to provide
information to users for decision-making in research, planning
and management. Component processes in such a system can be
itemized as 1) specification of data, 2) collection of data, 3)
processing and organization of data, 4) synthesis and manipula-
tion of data, and 5) display and dissemination of data. A good
geographic information system (GIS) is very helpful in steps 3
and 4, and produces maps as final products which show information
in a spatial, or locational, context.

The GIS wused by RRAM was the computerized PMAP propran,
which was developed specifically for appiication to environmental
problems. It was selected primarily because of its ease of
operation, its adaptation for micro-computers, and its power.
With regard to the latter, thousands of maps can be stored on a
computer hard disk; these are organized for easy retrieval in a
master directory; and operations of map synthesis, combinaticn
and printing can be carried out in a matter of minutes., 1In
addition, PMAP is programmed to permit relative weighting of
variables and automatically computes area coverage and percent-
ages.

Development.

The first steps in the development of the RRAH GIS were to
determine the type of information desired and to identify the
best available sources of this information. Highest priority was
given to a general land use map, based on the most recent aecrial
photo coverage of the Ruhengeri prefecture. This map was
produced using traditional photo-interpretation and cartographic
techniques. Additional thematic maps were copied or created from
a variety of other sources.

<

To put this information in computerized format, and thus
take advantage of the full capabilities of the PMAP program,
however, required certain intermediate steps. First, a grid
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system was developed to permit a systematic spatial organization
of data derived from various sources, at variable scales (Vigure
B.1). This grid was based on reference points from the new
national map of KRwanda, now being produced, so that it could e
casily replicated and extended to other parts of the country,
Within this pgrid system, cells of any size could be used. The
RRAM project has focused primarily on cells of 1 km2 and 4 ha,
although some data were 1initially obtained at a scale of 1 ha
units. Once the grid system was established, the next step wus
to transform all information into digital format, so that it
could be entered into the PMAP program. This process of data
coding and entry is initially time-consuming; but it yields
considerable benefits at later stages due to the speed and
flexibility of computerized operations using a digital format.

The final stage in the development of the RRAM GIS was the
production of maps. These have included single theme maps of
ecological zones (Figure B.2), 1lithologic formations, slope,
forest resources, population density, and wetlands distribution,
as well as multi-theme land use maps. By then combining selected
maps, - it was possible to create composite maps which help to
identify problem areas, such as high erosion risk and potential
asroforestry sites. Such products then permit resource planners
and technicians to conduct more detailed field assessments and,
eventually, intervention activities in these priority areas.

Examples.

Following are three examples of how the RRAM geographic
information system functions. The first two examples move fronm
simplistic, single theme maps *through map mergers and intersec-
tions to final composite maps depicting just a few cells per map,
which represent areas requiring priority attention. On these
maps, each symbol/cell represents 1 square kilometer (see Note
below). The third example exhibits land wuse maps at the &4
hectare scale (i.e., each symbol on these maps represent a 4
hectare area).

Note: Most of the following maps based on 1 kilometer cell units
show the size of the Ruhenperi prefecture as 1517 km2. This PHAP
area figure Jdiffers from the RRAM planimetry val.e of 1685 lun?
for two reasons: 1) because lake areas were not included; and 2)
because of the exclusive nature of the prefectural border within
the PHAP data base. In reality, this border (shown by the symbol
"¥'") should perform a dual function of displaying the limits of
the prefecture and showing any information that may be found at
that particular location. The duality of these bhorder cells,
hovever, was not possible to convey at this time using PHAP;
therefore the base figure of 1517 km2 was used for all percentage
calculations.
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EXAMPLE 1
EROSION RISK ISSUES

The first step in developing a model depicting erosion
risks within the Ruhengeri prefecture was to determine the
various environmental parameters that affect erosion. Tdeally,
these should include soil type, slope, rainfall and land use.
Due to the nature of available information, however, a more
limited data set had to be used. In particular, lithologic
characteristics were substituted for scil type and population
density was used as a general indicator of the intensity of land
use, while rainfall was dropped entirely because of a lack of
sufficiently detailed data.

Once these factors were determined, the next Step was to
combine the elementary maps of lithology (Figure B.3) and slope
(Figure B.4) to create a composite map of potential erosion risk
due to these natural factors. This was done according to the
following categorization scheme:

SLOPE VALUE SOIL TYPE EROSION RISK CLASS

Low Lava Very Low
Low Schists; Quartz

Medium Lava Low

Low Granite

Medium Schists; Quartz Medium
High Lava

Medium Granite

High Quartz High

High Schists; Granite Very lligh

The result of this combination can be seen in Figure B.5,
which indicates potentially serious erosion risks in large parts
of the Central Plateau and the Zaire-Nile Divide, as well as in
more limited areas of the Buberuka region.
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To further refine this
use must

the intensity

equation,

according

analysis of
also be considered.
density factors (Figure B.6) were therefore added to
Erosion QRisk

erosion risk, however,
Population
the Natural
the following matrix, to

produce a series of Theoretical Erosion Risk categories:

NATURAL EROSTON

RISK CATEGORY

POPULATION

DENSITY

THEORETICAL
EROSION
RISk CATEGORY

Very Low Low; Medium

Low Low Low
Medium Low

Very Low High

Low Medium; ligh

Mediun . Medium Medium
Hizh Low

Very High Low

Med ium lligh

High Medium; High High
Very lligh Medium; High

The resulting

B.7), shows

Erosion Risks.
to appear 1in the
cluster emerges to the south of lake
Buberuka region.

definitive; yet it is

confirm the

highlighted areas.

of Theoretical Erosion
interesting differences from that of Natural
While concentrations of high
Central Plateau

This analysis
interesting
of serious
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GENERALIZED POPULATION DENSITY
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Figure B.7
THEORETICAL ERQSIO!N RISK MAP
Cells
Symbol Label (km2) % Prefecturc
- Low Risks 530 34.96
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++ High Risks 200 13,19
National Park 107 7.06
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EXAMPLE 2
AGROFORESTRY AND EROSION CONTROL

As mentioned previously in this reporc, forestry issues are
of major importance in the Ruhengeri prefecture. This 1is not
only because of the obvious need for wood, but also because
agroforestry techniques could be cxtremely useful in soil
conservation. The RRAM Project has therefore also explored the
potential applications of the PHAP geographic information svstem
to these issues.

One important problem which required attention was the lack
of information on forest resources outside of large plantations.
These are generally in the form of woodlots and dispersed trees
and represent the primary source of firewood for the rural
population of the prefecture; yet they are rarely incluced in
official forestrv statistics. The RRAM project theretore uscd
aerial photographs and dot grid planimetry techniques to classifv
tree cover (except plantations larger than 1 ha, which wvere
" measured and mapped in a separate process) accordine to high,
medium and low densitv categories per square kilometer. The PHMAP
display of this analysis is shown in Figure B.8.

The Dispersed Tree Density map is useful by itsell as an
indicator of relative wood supplv. As such, the northuwestern
part of the prefecture can bte seen to have the most tree cover,
whereas shortages would appear to exist in the northeast and
south-central sectors. True shortages, however, are a function
of both supply and demand. To 1include the latter facter, the
population density map was merged with that of relative tree
density. The resulting map (Figure B.9) shows those sites where
low supply combines with high demand to create the most scrious
wood shortage conditions. As can be scen from this analysis, the
major focus for remedial action should be on the central portion
of the prefecture.

Agroforestry can certainly help to increase wood supplies, but
it is most suitable for areas where wood shortages are combined
with a need to improve soil stabilization practices through the
use of appropriate trees and shrubs. For this reason, a further
PMAP manipulation involved the combination of the tree density
map with that of theoretical crosion risks. Only cells where low
tree cover and high erosion risk intersected were printed (ligure
B.10), thus highlighting those sites where agroforestry could
prove most useful. A total of 123 cells emerge from this
treatment, clustered in four major areas: south of LLake Ruhondo,
north of Lake Bulera, along the eastern edge of the Zaire-Nile
Divide, and a nartow band across the Central Platean.
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Figure B.9
POTENTIAL FUELWOOD DEMAND MAP
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Fiqure B.11
LOCATION OF QUADRANT M

This map indicates the grographic location of quadrant "M', for
which detailed land use patterns are shown in Figure B.12.
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EXAMPLE 3
ENLARGED SCALE MAPS

The single-theme and combination maps presented thus far
have all been based on ¢cnll sizes of | square itilometer. This
scale has heen wused for three principal reasons: 1) it is
convenient for dewonstration purposes, as it permits the entire
prefecture to be seen on one pape; 2) some data are not available
at larger scales; and 3) the RRAI project has not had the time or
personnel necessary to do the amount of data processing necessary
to produce more detailed maps. Despite their limited scale,
these general inaps have proven quite wuseful during the develop-
ment phase of the RRAM GIS. To help assess the full potential of
the PMAP program, however, some sample ar=as of the prefecture:
were selacted for mapping at a scale of 4 ha units.

Example 3 shows a 100 km2 quadrant within the Quhenperi
prefecture that has already been mapped at this & hectare scale
(Figures DbB.11 and B.12). This map indicates the predoenminant
land use categories as  determined from aerial  photo analysis.
Some of the catesories are quite specific (e.g. bananas, for-
ests), while others (cultivated fields) are necessarily general,
depending on their relative ease of photo-identification,
Nevertheless, it is clear that PHAP can orpanize and display more
detailed information, and that the principal constraints come
from the scale of available source materials.
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Discussion and Conclusions.

The geographic information system thus far developed by the
RRAM project represents a pilot effort in support of its first
phase inventory and analysis work. Additional efforts are now
underway to expand and improve upon the system, but sufficient
experience has been gained to permit a preliminary assessment of
the problems and potential of the PMAP GIS.

Problemns. The aesthetic qualities of computer-generated
maps do not compare with those of traditional cartographic
products. Thus it takes some time for users to be comfortable
with the unusual format and symbols. This problem, however, can
be ameliorated through the development of improved symbols and
the addition of linear features for boundaries, rivers, etc.,
all of which are possible within the existing PMAP propram. 1In
addition, recent developments in color printing greatly enhance
the visual quality of the maps.

A more serious problem 1is that PMAP requires considerable
data entry work before it can be put to use. The RRAM experience
has been that at least two people are required: one to work on
digitizing whatever source map is used, and another to enter the
resulting number sequences into the computer program. DBoth steps
also result in inevitable errors, so it is essential to establish
a system of checks and controls. It should be noted, however,
that once these techniques are established and technicians gain
experience, data entry proceeds at an acceptable pace.

Problems of scale have already been referred to in earlier
sections. While maps using 1 km2 cells are useful for general
presentations, they do not permit more detailed analyses of
specific field conditions. Even the 4 ha land use maps fail to
satisfy the need for information at the level of individual
farms, which average less than one hectare. This problem,
howvever, is not a function of PMAP, which can produce maps at any
scale -- cven showing fields with a cell size of 1 m2. Rather,
the problem lies with the nature of available source informa-
tion.

The current information base for Ruhengeri is too often
incomplete, 1inexact or out-of-date. Since GIS programs are
dependent on the quality of their 1information sources, this
situation severcely limits the precision with which subsequent
analyses and presentations can bhe made. Erosion risk analyses
without adeyuate information on slope and soil types cannot be
expected vto achieve a high degree of precision. Similarly,
aerial photos that are now 8 years old no longer reflect the
rapidly changing land use patterns in the prefecture. 1In sum,
the GIS can only be as good as the information on which it is

based.
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Potential. Despite these problems, the GIS program has
already demonstrated considerable potential for [uture use and
applications. The power of the computer to organize, store and
rapidly manipulate large quantities of data is evident. In
addition, the resultant maps are compreh2nsible and their
aesthetic quality can definitely be improved.

Now that the initial development phase has been completed,
new data sources can also be rapidly incorporated into the
existing system, The new national soils and topographic maps,
now being finalized, will thus provide extremely valuahle
“information that can be used to improve the precision of various
analyses. Additional information snurces which can be integrated
into Lhe RRAM GIS include: 2xpanded climatological data, the 1983
census population census, new aerial photos, and results fronm
various field studies of erosion, forest resources, etc. These
additions will not only provide valuable new information, but
will also permit improved data integration through their neryer
and synthesis with existing thematic and composite maps. With
regard to the aerial .photos, new land use maps can also be
compared with those already developed to assess the nature and
extent of changes over the past 10 years.

Conclusion. The preliminary development of a conmputerized
geographic information system for Ruhengeri has demonstrated
sufticient potential to justify its continued use as a tool for
natural resource management. The RRAM Project will continue to
work on improvements in both its form and  content during its
second phase operations in the Ruhengeri prefecture, and discus-
sions are now underway with regard  to possible GIS applications
at the national level. The ultimate value of this approach,
however, will depend on the quantity and quality of available
information. Current efforts to improve this data base, there-
fore, represent a critical next step toward the development of a
functional geographic information system in Rwanda.
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