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ABSTRACT
This study investigated the abiotic and biotic environmental indicators used among pastoralists and arable
farmers to predict the onset and cessation of rain as well as to make short-term and seasonal forecasts in the
Rwenzori region of Western Uganda. We used a mixed-methods approach that included surveys of 907
households, focus group discussions, and key informant interviews. The results indicate that resident birds
such as white-browed coucals and turacos and migrant birds such as eagles and swallows were important
indicators of the onset of rains. Butterflies were an important indicator for the cessation of rains, and red ants
were an indicator for the onset of rains. Among the abiotic indicators, winds, clouds, earthquakes, and cloud
formation on Mount Rwenzori were important indicators. Behavior of cattle at the onset of rains was important among the pastoralists, and flowering of coffee plants was important among the arable farmers. The
behavior of the biotic indicators was driven by the availability of food, water, or other necessities. An attempt
to explain the phenology underlying the behavior of biotic indicators and the meteorological science underlying some of the abiotic indicators is made. Although biotic environmental indicators are rudimentary
and their accuracy is influenced by external factors such as climate change, they provide climate information
within the locality of the farmers. Our results suggest that the indicators used in indigenous forecasting could
be incorporated in national meteorological systems in a bid to improve the accuracy of rainfall forecasts and
their use among farmers and pastoralists in rural Africa.

1. Introduction
Despite the increase in dissemination of scientific
forecasts (SF) through radio and television stations
and the Internet, indigenous forecasts (IF) are still
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commonly used in rural areas of the developing world,
including Africa, where indigenous knowledge systems
are part and parcel of rural communities (HoeghGuldberg et al. 2018). An indigenous knowledge system (IKS) has been defined as ‘‘a cumulative body of
knowledge, practice and belief, working by adaptive
processes and handed down through generations by
cultural transmission, about the relationships of living
beings (including humans) with one another and with
their environment’’ (Berkes 1999, p. 8). This implies
that IKS has the temporal dimension of passage from
one generation to another and the spatial dimension
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concerned with aspects that happen in a given locality.
There are various aspects of IKS, and indigenous
knowledge forecasting (IKF) will be the central theme
for this paper.
The use of IKF in Uganda and elsewhere has been
reported in the literature (Roy et al. 2018), but locally
specific indicators have not been documented among
pastoralists and arable farmers in the Rwenzori region
of Western Uganda. The present study investigated the
biotic and abiotic indicators for the onset and cessation
of rains, 5-day forecasts and seasonal forecasts used by
farmers and pastoralists. Forecasts influence farmers’
decision-making regarding which crop enterprises to be
undertaken in a particular cropping season, especially in
areas that experience bimodal rainfall patterns. Crops
have varying water requirements, with cereals such as
maize requiring a higher number of rain days than do
tubers like cassava (Mugalavai et al. 2008). Climate
forecasts also influence livestock breeding among pastoralists (Luseno et al. 2003).
The Rwenzori region has bimodal rainfall distribution
with short rains (March–May) and long rains (August–
December). Farmers tend to plant short-maturing crops
like beans in the first season and long-maturing crops
like maize in the second season. Five-day forecasts
provide information about the length of the dry spells.
Long dry spells during the critical growth periods lead to
high crop failure (Rao et al. 2011). Changes in onsets
and cessations of rains can have negative impacts on
crop performance, for example, late onset and early
cessation in a particular season could result in high-yield
loss for maize (Mugalavai et al. 2008). Farmers prepare
their fields in February for the first season and in July for
the second season. Harvesting for the first season is in
May and June and for the second season is in November
and December, depending on the crop maturity period.
In addition to documenting the indicators used in IKF,
we examined potential scientific explanations for why
the indicators were effective. The study’s objective was
to assess whether IKF indicators can be incorporated in
weather and climate forecasting by policy makers, national meteorology advisories, extension workers, and
nongovernmental organizations.

Indigenous knowledge indicators of rain
Bird phenology has been used to support climate
forecasts. Regional bird species used include Abyssinian
hornbill (Bucorvus abyssinicus), African pied wagtail
(Motacilla aguimp), sparrows, swallows, weaver birds,
blue-tailed bee-eater (Merops philippinus), and swifts
(Galacgac and Balisacan 2009; Leonard et al. 2013;
Ifejika Speranza et al. 2010; Zuma-Netshiukhwi et al.
2013). Bird migration is an important indicator for
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seasonal forecasts, including the onset and cessation of
rains (Zuma-Netshiukhwi et al. 2013). Apart from birds,
the seasonal movement of wildlife is another source of
early warning information; for instance, a zebra invasion
of farmland indicates onset of drought in areas with close
proximity of wildlife protected areas in Kenya (Ifejika
Speranza et al. 2010). Research has shown that insects
used in indigenous forecasts include butterflies, red ants,
army worms, dragonflies, termites, and bees (Chang’a
et al. 2010; Galacgac and Balisacan 2009; Ifejika Speranza
et al. 2010). Literature shows that plants and trees that
support climate information include fern-leaf grevillea
(Grevillea pteridifolia), baobab tree (Adansonia gregorii),
and acacia trees (Acacia sp., Acacia mellifera, Acacia
tortilis) (Leonard et al. 2013; Ifejika Speranza et al. 2010).
This shows the relevance of biotic factors in IF.
Abiotic indicators include wind, clouds, astrological
constellations, and observance of sky, sun, moon, and
stars (Gómez-Baggethun et al. 2012; Green et al. 2010;
Lefale 2010; Leonard et al. 2013; Mpandeli and Maponya
2013; Roncoli et al. 2002; Ifejika Speranza et al. 2010;
Zuma-Netshiukhwi et al. 2013). Farmers also observe the
events that happen around orographic features such as
mountains. For instance, events such as cloud formation
around Mount Kilimanjaro may provide climate information (Ifejika Speranza et al. 2010). Hydrological indicators include observation of seasonal river flow and
sea level variation (Kalanda-Joshua et al. 2011; ZumaNetshiukhwi et al. 2013).
Livestock behavior is an important indicator among
pastoralists (Ifejika Speranza et al. 2010; ZumaNetshiukhwi
et al. 2013). In pastoral communities, observing the intestines of slaughtered cattle is considered a relevant sign for
rainfall seasonality (Luseno et al. 2003). The behavior
of frogs is keenly observed during the onset of rains
(Gyampoh and Asante 2011; Kalanda-Joshua et al.
2011). Research reveals that fish behavior may provide
climate information for fishing communities (Leonard
et al. 2013). Observance of heat by ordinary farmers
without using scientific gadgets has been considered a
relevant indicator for early warning systems and rainfall seasonality in rural livelihoods (Nkomwa et al.
2014; Ifejika Speranza et al. 2010; Zuma-Netshiukhwi
et al. 2013). This shows that farmers’ observations of
the environment provide climate information that influences decision-making in rain-fed agriculture.
Nonenvironmentally sensitive indicators include
spirituality through rainmakers and traditional diviners
(Roncoli et al. 2002; Slegers 2008; Ifejika Speranza et al.
2010). These are mainly from the African traditional religions that involved sacrifices, but the rainfall predictions
are not well received by farmers with strong Christian and
Islamic religious beliefs (Roncoli et al. 2002; Slegers 2008).
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Beyond Africa, Mongolian pastoralists consult spiritualists
in matters related to climate forecasts before their migrations (Marin 2010). These indicators of indigenous
forecasts are widely used in Samoa (Lefale 2010), New
Zealand (King et al. 2008; Galloway-McLean 2010),
Canada (Gearheard et al. 2010), Australia (Green et al.
2010; Galloway-McLean 2010), Spain (Gómez-Baggethun
et al. 2012), South Africa (Mpandeli and Maponya 2013),
Kenya (Ifejika Speranza et al. 2010), Malawi (KalandaJoshua et al. 2011; Nkomwa et al. 2014), Burkina Faso
(Galloway-McLean 2010; Roncoli et al. 2008), Ghana
(Gyampoh and Asante 2011), and Botswana (Kolawole
et al. 2014). Pastoralists in Western Uganda use IF in
adapting to climate change and variability (Nkuba et al.
2019b). Research shows that IF influences arable farmers
estimation of onset of rains in Western Uganda (Nkuba
et al. 2019a).
Some scholars have reported that indigenous knowledge (IK) forecasts are reliable (Kalanda-Joshua et al.
2011; Lefale 2010; Nkomwa et al. 2014), but others have
found them unreliable (Gyampoh and Asante 2011;
Roncoli et al. 2002). Reliability of IK forecasts is associated with being site specific, based on local experiences, transmitted in local languages, and easy access
and dissemination through farmers’ forums as well as
farmer-to-farmer extension (Kalanda-Joshua et al. 2011;
Lefale 2010; Luseno et al. 2003; Ifejika Speranza et al.
2010). Pastoralists in certain areas seem to have high
confidence in the use of IK forecasts in adaptation to
droughts in Africa (Luseno et al. 2003; Ifejika Speranza
et al. 2010). Climate variability has weakened some of
the farmers’ trust in IK forecasts, resulting in a search for
alternatives (Roncoli et al. 2002). Climate variability is
detrimental to the biotic indicators of IK forecasts
(Ifejika Speranza et al. 2010).
Plants and trees can be affected by climate change,
hence rendering their role as indicators ineffective.
Consequently, reliance on nonenvironmental (i.e., abiotic) indicators such as astrological features like stars
and the moon has increased (Slegers 2008). Farmers in
Peru and Bolivia made rainfall forecasts using stars
with a good degree of accuracy (Orlove et al. 2000). IK
forecasts are reportedly mostly used by older farmers
(above 40 years), with little reference from the younger
generation who are even less involved in rural agricultural production where IK is most used (Motsumi et al.
2012; Ifejika Speranza et al. 2010). This situation negatively affects the intergenerational transfer of IK forecasting skills (Ifejika Speranza et al. 2010).
Indicators of IF in Uganda include birds, insects, frogs,
wind, clouds, flowering of trees, change in water levels of
rivers and lakes, and observance of nighttime temperatures (Nganzi et al. 2015; Okonya and Kroschel 2013;

Orlove et al. 2010). This shows that there is a wide variety
of abiotic and biotic environmental indicators for IF,
which increase trust, legitimacy, and salience among
pastoralists and arable farmers.

2. Materials and methods
a. The study area
The Rwenzori region in Western Uganda where the
study was done is characterized by topographic diversity,
with mountains and lowlands, wetlands and forests, and
agricultural areas. In addition to arable farming, pastoralism thrives in the rangelands as well as game in the
wildlife protected areas (WPAs). WPAs include Queen
Elisabeth, Kibale, and Mount Rwenzori National Parks
and the Tooro-Semiliki Game Reserve (Fig. 1). There are
numerous natural and planted forest protected areas
(FPAs). The region is also endowed with water bodies
such as lakes and rivers, all contributing to rich biodiversity incorporated into local indigenous knowledge
systems. The region is found in the Albertine Rift valley,
making it prone to earthquakes (Batte et al. 2014).

b. Data collection methods and sample size
Data were gathered from rural households from
August to October 2015. Household surveys were used
to gather data in person, using a questionnaire about
IKF indicators used in the Rwenzori region, including
indicators for onset and cessation rains, 5-day forecasts,
and 3–6-month seasonal forecasts. The complete survey is provided in the online supplemental material.
A two-stage stratified approach was used in the
sampling of the respondents (Cochran 1963). The firststage units were the agroecological systems (Table 1),
and second-stage units were households. The sampling
took into consideration pastoralism and arable farming
in the selection of the respondents. The 2014 Uganda
population census report put the number of households
in the area at 102 496 households. Raosoft (http://
www.raosoft.com/samplesize.html), a sample size calculator, showed that a statistically acceptable sample
size for this population of households at 95% confidence level and margin of error at 3.5% was 778.
However, to allow for replacement in the sample of
those who might back out of the study, 19% of the
statistically selected sample was included, giving a total
study sample of 924. This was also to ensure good size
for subsamples (for those who use IF only, and for
those who use both SF and IF). After data cleaning, 17
incomplete questionnaires were eliminated from the
final analysis. The total sample of the household survey
was 907 households.
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FIG. 1. Location map of the study area.

Focus group discussions (FGDs) were conducted with
pastoralists and arable farmers to provide community
perceptions on the indigenous forecast indicators. For
arable farmers, two separate FGDs were conducted in
Kyegegwa District, with the female group comprising 15
women and the male group comprising 16 men. Two
other FGDs for arable farmers were conducted in
Kabarole District, where the male group comprised 17
men and the female group 15 women. For pastoralists,
the FGDs were conducted at Rwebisego village in
Ntoroko District. One focus group consisted of 14
women, while the second comprised 18 men. Holding

gender-segregated FGDs ensured full participation of
the discussants, whereas mixed-gender FGDs would
likely have been dominated by the men. Pastoralism is
the main livelihood strategy in Ntoroko District, while in
the Kyegewa and Kabarole Districts it is arable farming.
Key informant interviews were conducted with scientific experts such as ornithologists, botanists, entomologists, hydrologists, seismologists, and meteorologists to
provide expert knowledge on the phenology of the biotic
indicators and to explain the observed phenomena behind the abiotic indicators. The experts were from research and academic institutions in Uganda and

TABLE 1. Sample size (source: survey data from 2015).
Agroecological zone

Arable farmers

Pastoralists

Agropastoralists

Total

Forested
Mountainous
Wetland
Lowland
Mountainous and forested
Total

122
97
82
197
82
580

0
0
0
270
0
270

0
0
0
57
0
57

122
97
82
524
82
907
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Botswana. This information was used in the discussion
section (section 4) to give explanatory reasons for the
behaviors of the indicators. Purposive sampling was employed in selecting the key informants and FDGs.
Data from the household surveys, FGDs, and key
informant interviews were analyzed using the Statistical
Package of Social Scientists (SPSS) (version 24) statistical software and Nvivo software. The extent of use of
the various indicators was obtained from the household
survey using frequencies, and thematic analysis was used
in investigating the qualitative data from key informants
and FGDs.

3. Results
The sociodemographic results indicated the following
distribution of household respondents according to agroecological zones: 14% in forested areas, 10% in mountainous areas, 10% in wetland, about 9% in mountainous
and forested areas, and 57% in lowlands. About 64%
were arable farmers, about 30% were pastoralists, and
6% were agropastoralists. The majority (55%) of the respondents were male. The majority (52%) of the respondents had attained primary education, while 15% had
an ordinary level education and 29% had no formal
education.
The household surveys showed that there are a wide
variety of biotic and abiotic environmental indicators
used by farmers and pastoralists in the Rwenzori region.
FGDs provided insights into the community perceptions
of the indicators. Key informant interviews with various
scientists from respective disciplines are shared to elucidate the observations of the farmers and pastoralists in
section 4.

a. Birds
The household survey identified 25 species of birds
used as indicators. Of these, the white-browed coucal
(Centropus uperciliosus) was the most common (Table 2).
Many of the species were only mentioned by a few of the
respondents. Pastoralists and farmers used different indicator species, and the indicators also varied by location
within the region. The FGDs provided additional insight
into the use of the indicator species. Key informant interviews suggested potential reasons as to why the indicators work (details in section 4). The results indicated
that the birds of major importance in providing climate
information under indigenous knowledge systems were
white-browed coucals, turacos, eagles, swallows, and
egrets (Table 2). The participants from both male and
female FGDs of pastoralists and arable farmers reported
that the white-browed coucal (Centropus supercilious)
makes calls before the onset of rains and has been most

reliable over the years. The participants from the male
and female pastoralist FDGs reported that flocks of eagles were spotted during the onset of rains, while the
turacos made calls during the cessation of rains. A participant from the male pastoralist FDG reported the appearance of many doves toward the onset of rains. A key
informant reported that birds common at the onset of
rains included the white-browed coucal and hornbill, and
for cessation it was the Abdim’s stork. Some participants
of one FDG reported that ‘‘when the great blue turraco
sounds, then you know there is the sunny period. . .there
are birds that come to peck fish because the water has
already reduced. . .When the sunny season is coming,
there are some birds that come.’’

b. Plants
The study showed that the plants most commonly used
as indicators were coffee, cocoa and acacia (Table 3). The
participants from the male FGD of pastoralists reported
that bark cloth trees (Ficus natalesis) shade their leaves
toward the onset of rains. Participants of the FDG reported that ‘‘when the rains are going to start, the flowers
of coffee blossom and fall off. . .when the rains are on set,
the coffee beads will wither but when it wants to rain, the
coffee will look nice and show signs of flowering until
when the rains will come. It’s the same thing for Ficus
natalensis. . .Then the mangoes. . .flowers blossom.’’

c. Animal indicators
The results showed that cattle and frogs play a major
role in IKF (Table 4). The participants from both the
male and female FGDs of pastoralists reported that
cows were playful toward the onset of rains.
The results showed that the behavior of wildlife
such as elephants, chimpanzees, crocodiles, and hippopotamuses may be considered to be a relevant indicator
of rainfall seasonality. The participants from the male
pastoralists’ FDG reported that toward the cessation of
rains, hippos made loud noises like the roar of a lion in
the early morning hours. A key informant reported that
wildlife tend to raid crops due to decreased nutritional
value of fruits within the protected areas, especially for
elephants and chimpanzees.

d. Insect indicators
Among the insects, red ants (order Hymenoptera;
family Formicidae), butterflies (order Lepidoptera), and
grasshoppers (order Orthoptera; family Acrididae) were
the most important insects in the study area (Table 5). It is
worth noting that stomoxys sp. (locally called Kawawa)
were an important indicator among the pastoralists. The
participants from both male and female FGDs of arable
farmers reported that the appearance of red ants, insects
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Appear in March and August; seen
around November; fly in big numbers
Fruit and nectar eater

Feed on worms and insects; wetland bird;
make noise in the afternoon
Leave water and move to dry land

0.1

0.4

1.4

0.1

0.9

1.4

Seed eaters make noise; move toward
River Semiliki
Fly in big numbers

1

0.3

0.6

0.1

0.7

0.1

0.2

0.2

0.7

0.2
0.6

1.4

0.8

9.8

5-day forecasts (%)

0.1

0.1

0.8

0.6

2.6

Seasonal forecasts (%)
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Speckled mousebird (Colius striatus)

Lake ducks: yellow-billed duck (Anas
undulata) and African black duck (Anas
sparsa)
Abdim stock (Ciconia abdimii)

Blue-headed coucal (Centropus
monachus)
Hadada ibis (Bostrychia hagedash)

4.6

African and European migrants feed on
insects; appear in season and disappear;
fly in big numbers and play in the dust

5.0

5.5

0.6
0.4

1.8

4.2

2.5
5

0.9

Cessation (%)

35.7

Onset (%)

Move near homes; come to feed on insects
Fly in big numbers; appear in season and
then disappear

Behavior
Male makes call; moves in evening 1600–
1700 LT
Move with cattle, as cattle graze; move
toward River Semiliki
Makes noise; appear in March and
August; play in the dust

Bird

White browed coucal (Centropus
uperciliosus)
Egrets: cattle egret and little egret
(Bubulus ibis; egreeta garzetta)
Turacos: black-billed turaco (Tauraco
schuetti), Rwenzori turaco
(Ruwenzoromis johnstoni), Ross’s turaco (Musophaga rossae) and great blue
turaco(Corythaeola Cristata)
Pied crow (corvus albus)
Eagles: brown snake eagle (Circaetus
cinereus), western banded snake eagle
(Circaetus cinerascens), Congo serpent
eagle (Dryotriorchis spectabilis),
Verreaux’s eagle (Aquila verreauxi),
Wahlberg’s eagle (Aquila wahlbergi),
long-crested eagle (Lophaetus occipitalis), crowned eagle (Stephanoaetus
coronatus), and martial eagle
(Polemaetus bellicosus).
Swallows: Mosque swallow (Hirundo
senegalensis), lesser striped swallow
(Hirundo abyssinica), and red-rumped
swallow (Hirundo daurica)
Crested crane (Balearica regulorum)

Indicates:

TABLE 2. Birds used as indigenous knowledge forecast indicators in the Rwenzori region (sample N 5 907) (source: survey data from 2015).

218
VOLUME 12

Unauthenticated | Downloaded 01/09/23 06:24 AM UTC

Bird

Nightjars: montane nightjar (Caprimulgus
poliocephalus), Ruwenzori nightjar
(Caprimulgus ruwenzorii), and
pennant-winged nightjar
(Macrodipteryx vexillarius)
Gray parrot (Psitacus eithacus)
Northern gray-headed sparrow (Passer
griseus)

Doves: tambourine dove (Turtur
tympanistria), blue-spotted wood dove
(Turtur afer), lemon dove (Aplopelia
larvata), and red-eyed dove
(Streptopelia semitorquata)
Black and white casqueld hornbill
(Bycanistes subcylindricus)
Not specified
Weaver birds: Baglafecht weaver (Ploceus
baglafecht), black-necked weaver
(Ploceus nigricollis), spectacled weaver
(Ploceus ocularis) strange weaver
(Ploceus alienus), village weaver
(Ploceus cucullatus), and brown-capped
weaver (Ploceus insignis)
Marobou stork (Leptoptilos
crumeniferus)
Robin-chats: Archer’s robin-chat
(Cossypha archeri), blue-shouldered
robin-chat (Cossypha cyanocampter),
and snowy-crowned robin-chat
(Cossypha niveicapilla)
African wood owl (Strix woodfordii)
Wagtails: Gray wagtail (Motacilla cinerea)
and mountain wagtail (Motacilla clara)
Birds leaving Lake Albert to inland
following the wind direction
Pied kingfisher (Ceryle rudis)
Africa fish eagle (Haliaeetus vocifer)
Lesser flamingo (Phoeniconaias minor)
3.3
0.2

0.8
1.2

0.8
0.1

Make noise; fly in big numbers
Make noise

Move from Lake Albert to inland
Come around November

Make noise
Make noise

Make noise
Make noise

Make noise
Make noise
Appear in March and August; move
toward River Semiliki
Appear in March and August; fly in big
numbers

0.2

Feed on fruits and berries

0.7

0.1

0.1

0.3

0.1

2

0.7

0.1

Cessation (%)

0.2
0.1
0.1

0.2

0.1

1

Onset (%)

Make noise

Behavior

TABLE 2. (Continued)

0.2

0.1

0.2

0.1

0.4

0.1

0.1

0.1

5-day forecasts (%)

Indicates:

0.1

Seasonal forecasts (%)
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TABLE 3. Plants used as indigenous knowledge forecast indicators in the Rwenzori region (N 5 907) (source: survey data from 2015).
Indicates:
Plant

Behavior

Coffee
Cocoa
Acacia
Trees
Fruit trees
Not specified
Tropical coral tree–Erythrina spp
Markhamia lutea
Vernonia amygdaiina
Neem
Bark cloth tree (Ficus natalensis)
Star grass
Banana
Bambo tree
Grass
Lantana camara
Pastures

Flowering; ripening of berries
Flowering
Flowering; bring new shoots; shade leaves
Shade leaves; bring new shoots and leaves
Flowering
Flowering; bring new shoots and leaves
Flowering; shade leaves
Flowering
Flowering
Shade leaves
Flowering; shade leaves
Withering
Flowering; harvests increase
Flowering
Withering; drying of grass
Withering
Changes from green to yellowish

emerging out of anthills were common indicators toward
the onset of rains while butterflies were common toward
the cessation of rains. Participants in one FDG reported
that ‘‘if the red ants in the forest start passing through
then you know the rains are almost starting. . .in the bush
there are those small ants that are black so if it’s going to
rain after dry season, you see those insects.’’ During
cessation, participants of the FDG reported that ‘‘the
presence of many butterflies is an indicator of end of
the rainy season. During cessation of rains, butterflies
come. . .other insects (apart from butterflies) are many,
then they start to disappear. . .As the end of rain season
approaches, all the bees will refuse to leave their hives.’’

e. Observance of events on Mount Rwenzori
Observance of the changes in fog and cloud cover on
Mount Rwenzori was an important factor in climate
forecasts (Table 6). An IK forecaster showed that the
events on Mount Rwenzori were important in climate
forecasting for the Rwenzori region. It was worth noting
that the seasonal calendar of events was important in
long-range climate predictions for climate risks such
as droughts and floods (Table 6). Observance of seasonal calendar events is important, especially in pastoral communities, because it influences herd mobility
and livestock migration.
In watersheds such as the Rwenzori region, the
melting of snow on Mount Rwenzori is seen as the increase in river-flow volume in the downstream communities. Farmers in the Karusandara area in Kasese
District, which is prone to flooding, said that they
keenly observe the changes in cloud cover and snow on

Onset
(%)

Cessation
(%)

5-day
forecasts (%)

Seasonal
forecasts (%)

6.9
1.4
2.0
2.1
0.9
0.8
0.9
0.1
0.2
0.2
0.7
0.1

0.9
0.1
1.8
1.8
0.1
0.7
0.8

0.8
0.2
0.3
0.1
0.2

0.6

0.2
1.7

0.1
0.1
0.1
0.1

0.1
0.2
0.4
0.1
0.1

Mount Rwenzori. In extreme cases, downstream communities have experienced flooding. An interview with
an IKF forecaster and participants of FGDs stated that
farmers in the Rwenzori region were keen to observe
the changes on Mount Rwenzori even at distances over
150 km away. Farmers also noted that the waves on
Lake Edward are stronger toward the onset of rains
(Table 6).

f. Observance of heat
The findings show that observance of heat is a significant indicator (Table 6). Participants of one FDG reported that ‘‘When you see that there is too much heat
while sleeping then you know the rains will start in less
than a week. . .and then there is too much heat, the heat
of rains is not the same as that of the sun. You find that
even the people’s bodies attract that heat. . .a lot of
heat/high temperatures at night like for example if every
day you cover yourself with a blanket but then now you
feel so hot and you place away the blanket, there you
know it will rain.’’ This suggests that farmers can monitor
the heat without using scientific tools like thermometers.

g. Hydrological indicators
Hydrological factors such as observing the river flows
and an abundance of fish in lakes and rivers in the study
area were used in the climate forecasts (Table 6). The
participants from both male and female FGDs of pastoralists and arable farmers reported that water levels of
the rivers increased toward onset of rains. One participant reported that ‘‘during onset of the rains. . .the rivers
water levels become higher, there you know the rains

Unauthenticated | Downloaded 01/09/23 06:24 AM UTC

Behavior

Reduce their movement; being playful; smelling alone; graze following the direction of
the expected rains; congest water-logged areas; go on heat
Cattle
Water consumption is high; reduction in milk yields; start grazing in the morning; feed
near the lake shores; tend to hide under the trees and bushes; graze beyond the normal
grazing areas; reduce movement; play around anthills
Hippopotamuses
Start making noise
Elephants
Come out of the forest
Elephants
Stay in the forest
Frogs/toads
Start making noise
Fish
Go to deep waters and do not lay eggs
Fish
Go to deep waters and do not lay eggs
Fish increase in the lake
Catfish (Bagrus docmak) locally called semutundu; mudfish; catfish (Clarias gariepinus)
locally called Male are available in the lake
Fish reduce in numbers in the lake Lungfish (Protopterus aethiopicus) more available
Snakes
Near homes
Chimpanzees
Come out of the forest; make noise
Chimpanzees
Make noise
Crocodiles
Appear on riverbanks
Bats
Come out of the forest
All livestock
Do not take much water

Cattle

Animal

0.2
0.1

0.3

4.4
0.2

0.1
0.1

6.2

0.1
0.2
0.2
0.1

0.1
0.1

0.2

0.1

4.4

0.1

0.1

0.8

0.1

0.1

5-day
Seasonal
Onset (%) Cessation (%) forecasts (%) forecasts (%)

Indicates:

TABLE 4. Animals used as indigenous knowledge forecast indicators in the Rwenzori region (N 5 907) (source: survey data from 2015).
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Seen around homes; move to the forest
Seen around homes; seen among cattle
Move in big numbers
Decreases

Seen around homes
Seen at night
Feed on crops
Feed on crops
Become inactive

Decreases

0.1

0.1
0.2
0.1
0.2

0.2

1.5
0.3
0.1

Move in big numbers in a straight line

Red ants [Hymenoptera (order); Formicidae (family)]
White ants [Isoptera (order)]
Butterflies [Lepidoptera (order)]
Many butterflies means drought
Millipedes
Stomoxys [Diptera (order); Muscidae (family)]
Grasshoppers [Orthoptera (order); Acrididae (family)]
Grasshoppers
Dragonflies [Odonata (order)]
Dragonflies
Termites [Isoptera (order)]
Earthworms
Moths
Safari ants [Hymenoptera (order); Formicidae (family)]
Caterpillars
Bees
Mosquitoes [Diptera (order); Culicidae (family)]
Fly toward Lake Albert

4.6
0.3
0.8

Behavior

Insect

Onset
(%)

1.4
0.2

0.1

1.0

0.4
0.3

0.3
0.1
10.3

Cessation
(%)

0.1

0.4

0.1

5-day
forecasts (%)

Indicates:

TABLE 5. Insects used as indigenous knowledge forecast indicators in the Rwenzori region (N 5 907) (source: survey data from 2015).

0.1

Seasonal
forecasts (%)
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Clouds
Mist/fog at Mount Rwenzori
Mist/fog on Lake Edward
Body temperature
Temperature/heat
Sky
Humid conditions
Waves of water on the lake
Lake is settled
Headache
Lightning
Thunder
Dew in the morning
No dew in the morning
Continuous sunshine
Seasonal calendar events
New moon is not clear/appears dark/reddish
New moon is clear/bright
Coldness in the morning
Coldness at night
Heat at night
New moon is white
Ngusi and Muzinzi Rivers make sounds (responding to
each other)
No sounds from Ngusi and Muzinzi Rivers
Asthma people have difficulty breathing at night
No mist in the wetland
Pain in the knees and back
Water levels on lake (Albert) draw toward the lake
Storms/hailstones
Sweating at night
Feel weak

Clouds

Earthquakes

Earthquakes

Other indicators

On Lake Edward

Increase
Clear

Surface earthquakes; from east to west (to Lake Albert);
earthquakes during end of drought/dry season; female
earthquakes take place; from Lake Albert; heavy shaking of
earthquake
From north to south; from west to east (from Lake Albert);
earthquakes during the rainy season; underground
earthquakes
Dark/black/gray clouds/nimbus; appearance of clouds on
Mount Rwenzori,
Formation of clouds; cumulus clouds on Mount Rwenzori
Along Mount Rwenzori, near Lake Edward
Disappears on Lake Edward

Behavior

0.2

0.7
8.5
2.1
0.1
11.8
3.7
0.1
0.3

0.1
0.1

3.5
0.1
2.1
15.5

4.4

9.3

Cessation (%)

3.7

1.9

3.6
0.6
1.4

0.2
1.4
3.1

5.6
4.1
26.5
1.0
0.1

2.6

42.0

1.7

5-day
forecasts (%)

0.1
0.2

0.1

0.2

1.1
33.3
0.9

0.3
0.2

0.7
1.1
0.2

0.7

3.3

2.2

Seasonal
forecasts (%)
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0.3
0.2

0.1
0.1
0.2

2.1
0.3
1.3

1.4

0.8
8.5

0.2
1.5
4.4
0.5

1.5
5.7
8.2
2.9
0.3

3.3

43.4

11.6

Onset (%)

Indicates:

TABLE 6. Other indicators used as indigenous knowledge forecast indicators in the Rwenzori region (N 5 907) (source: survey data from 2015).
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TABLE 7. Winds used as indigenous knowledge forecast indicators in the Rwenzori region (N 5 907) (source: survey data from 2015).
Indicates:
Wind
Congo winds
Musasi
Ndowa
Wabubu
Muzizi River
Kinjura
Kitagweda
Wabuho
Lake Albert wind
Rwenzori wind
Whirl winds
Cold winds
Lake George winds
Hot winds
Not specified
Ihunga
Kasambura winds
Ituri winds
Butuku winds
Tooro winds
Bundibugyo winds
Bunyoro winds

Direction
Blows from west to east
Blows from west to east
Blows from east to west
Blows from west to east
Blows from west to east
Blows from north to south
Blows from east to west
Blows from west to east
Blows from west to east
From the mountains

From Lake George to inland
Blows from west to east; blows from east
to west
From south to north
Blows from west to east
Blows from east to west
Blows from west to east

are on setting.’’ Another reported that ‘‘When the sunny
period is on setting, we see from the water or the lakes,
its color changes from the color it had to a brownish color.’’

h. Meteorological indicators
Meteorological factors such as wind and clouds were
essential climate predictors (Tables 6 and 7). The participants from both male and female FGDs of pastoralists and arable farmers reported that the wind blew
from the west to the east toward the onset of rains. The
participants from the male pastoralists’ FDG reported
that hot winds blow toward the onset of rains. The
participants from both male and female FGDs of pastoralists and arable farmers reported the appearance of
dark black clouds called nimbus clouds toward the onset
of rains, an observation echoed by the household survey
(Table 6). One participant of an FGD reported that
‘‘Most of the times when the rains want to come, you
find the cloud of nimbus in the sky, then the rains will
start. That is how I know that now the rains are going to
start. . .Too much wind takes away the rain.’’
Local winds with direction of flow (mostly westerlies
and easterlies) are important indicators (Table 7). A
meteorologist reported that the Rwenzori region’s
rainfall seasonality is greatly influenced by Congo basin
winds, namely, Congo winds and Ituri winds, as they

Onset (%)

Cessation (%)

5-day
forecasts (%)

Seasonal
forecasts (%)

2.8
9.7
4.1
0.7
1.5
0.2
0.2
0.4
0.8
0.3
1.2
2.0
0.1
1.5
17.3

1.2
3.0
11.4
0.3
0.4
0.4
0.2

1.7
2.9
3.2
0.1
0.8
0.2
0.1

0.1
1.3
0.8
0.1
0.1
0.3

0.4

0.3
0.3
0.2
2.6
0.2
2.0
4.7

0.3
0.3
0.1
0.2
0.2
0.1
0.1

1.1
2.0
0.2
0.4
10.4

0.1
0.4
0.1
1.7

1.4
0.1
0.4
0.1

0.1

are locally called by the farmers. A participant of the
FDG reported that ‘‘Sometimes when it wants to rain
you see strong winds that shows that the rains are
coming.’’ A key informant reported that the Congo
forest and Mount Rwenzori had a strong influence on
the rainfall seasonality in the Rwenzori region.

i. Earthquakes
The Rwenzori region being located in the Rift valley,
earthquakes were used as IF indicators (Table 6).
The FGD participants from female arable farmers in
Kyenjojo reported that they experienced earthquakes
moving from west to east during the onset of rains. One
participant reported that ‘‘for the sunny period, there
will be earthquake. That’s what I know before the sun
begins. . .there is an earthquake at the beginning of the
sunny season and also beginning of the rain season.’’

j. Astronomical indicators
Astronomical indicators such as stars, sun, and moon
were used in predicting rainfall seasonality (Tables 6
and 8). Participants of one FDG reported that ‘‘Even the
moon starts to be reddish, it’s also an indicator that it’s
going to be sunny. . .When the sunny season is going to
come, you find where the sun emerges from, it’s red and
with no clouds so you know that this sun has shown that
there will be sunshine.’’ A key informant reported that
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TABLE 8. Stars used as indigenous knowledge forecast indicators in
the Rwenzori region (N 5 907) (source: survey data from 2015).
Indicates:
Stars

Onset
(%)

Cessation
(%)

5-day
forecasts (%)

Seasonal
forecasts (%)

Black stars
Not specified

0.1
3.6

2.9

0.7

0.1

some pastoralist elders observe stars for drought early in
the morning, between 0400 and 0600 local time (LT).

k. Rainmakers
During the study, FDGs were held with rainmakers. A
key informant reported that ‘‘people come and consulted
me before having social functions such as weddings about
the possibility of rainfall on the planned day. . .I inherited
the powers of rain making from my father.’’ Rainmakers
(commonly called spiritualists) were consulted in some
cases about climate predictions in the Rwenzori region.
Rainmaking is an inherited practice that started during
the period when the Chwezi kingdom reigned in this region. A participant of a female FDG reported that the
preeminence of Christianity has diminished the influence
of rainmakers in the study area.

4. Discussion
This study has documented the use of biotic and abiotic indicators of precipitation patterns by farmers and
pastoralists in livelihood decision-making and also has
identified distinctive subcategories of indicators under
each of the four broad categories. The discussion below
isolates these subcategories systematically.

a. Biotic indicators
1) BIRDS
The study findings show that the white-browed coucal
(Centropus uperciliosus) and African and European
migrants like swallows are considered a significant indicator of rainfall seasonality (Table 2). Literature
shows that birds are widely used as IKF indicators in
countries such as Australia (Green et al. 2010; Leonard
et al. 2013), Tanzania (Chang’a et al. 2010; Chengula
and Nyambo 2016), Kenya (Luseno et al. 2003; Ifejika
Speranza et al. 2010), Botswana (Kolawole et al. 2014),
Burkina Faso (Roncoli et al. 2002), and Malawi
(Kalanda-Joshua et al. 2011). There are no obvious
contradictions between what we would expect from
scientific forecasts and bird phenology as indicators of
the onset and cessation of rains. Ornithologists stated
the following:
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Some migrants come around the equator during the onset of rains and depart during cessation. Other migrant
birds are around the equator during cessation and depart
during onset of rains. European migrants come to Africa
at onset of winter period in their habitants and go back at
onset of summer. African migrants from southern Africa
fly to equator at onset of winter in southern Africa and fly
back at onset of the summer period. . .Birds activities
such as breeding increases with resource availability such
as insects, fruits, seeds which are synchronized with
rainfall seasonality. The movement of migrants provides
seasonal climate information. . .Birds are active during
the feed of the young. . .if weather changes the birds miss
the food and this alters their migration patterns.

An ornithologist said that migrations of birds (migrants
and resident birds) is an important indicator of seasonal
forecasts as well as the onset and cessation of rains in the
farming community.
Research supports the observations of the ornithologists, which show that bird phenology follows the pattern of the onset and cessation of rains in a given
ecosystem. Bird phenological studies have shown that
birds are most active in farming communities during
their breeding seasons when there is abundance of food
for themselves and their young ones, and this makes
them a potential important indicator for the onset and
cessation of rains (Brown et al. 1982; Fry et al. 1992a,
2000, 2004; Hulme et al. 2013; Pearce-Higgins et al.
2014). Hence this high feeding activity together with
noise from the nestlings and movement of the adults to
and from the nests bringing food provides climate information to farmers. Furthermore, the seed eaters such
as weavers are active during the cessation of rains, especially during the harvest period. Similarly, fruit eaters
such as wagtails, doves, and insectivores such as nightjars breed toward the cessation of rains in sequence with
the birth of young (Hulme et al. 2013). Birds make calls
that are interpreted by farmers as information about
rainfall seasonality; for example, the male white-browed
coucal (Centropus superciliosus) makes calls to females
during breeding, and the yellow-billed duck (Anas undulata) makes calls during incubation, but these calls
provide information about the onset of rains in arable
farming communities (Irwin 1986; Newman 1982). Seedeaters such as the lesser striped swallow (Hirundo
abyssinica) and tambourine dove (Turtur tympanistria)
make calls to their young when feeding them, and the
calls provide information to the farmers about end of the
rainy season (Fry et al. 1992b; Morel et al. 1986).
Male birds make calls to the females, and the calls are
interpreted as IKF indicators. For example, the male
white-browed coucal makes calls to the females during
the onset of rains. This bird is so popular in the farming
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communities for its call that some farmers find it useful
and it is called the rain bird in the Rwenzori region.
During the FGDs, participants noted that when the
white-browed coucal makes its call, then onset of rain
could be expected in the next two to three days. This
indicator was reported as the most reliable onset indicator in the Rwenzori region (Table 2).
The review of literature indicates that change in the
onset and cessation of rains alters the availability of
food, which affects the survival of young. Birds avoid
breeding during seasons of resource scarcity. On one
hand, this makes birds an unreliable indicator of rainfall
seasonality. Change in rainfall seasonality alters bird
migrations and breeding, which are important IF indicators. On the other hand, birds are good indicators of
climate change. Climate change contributes to the mismatch between resource availability and breeding of
birds (Pearce-Higgins et al. 2014; Visser et al. 2012).
The spatiotemporal availability of food also influences the birds’ migration and the activity of resident
birds. Other factors that influence birds’ migration are
the changes in temperature and photo period in their
breeding areas. Migratory birds tend to arrive at the onset
of rains and depart at the cessation of rains around the
equator and vice versa, depending on whether they are
African migrants or European migrants such as the lesser
striped swallow (Hirundo abyssinica), Abdim’s stork
(Ciconia abdimii), Wahlberg’s eagle (Aquila wahlbergi),
black kite (Milvus mugrans), or village weaver (Ploceus
cucullatus) (Brown et al. 1982; Fry et al. 1992b; Urban
1982). This observance provides information about the
onset and cessation of rains to the farming community
since the birds practice the seasonal migration patterns.
The arrival and departure of migratory birds provide
long-range climate information of three to six months to
farmers. Nevertheless, the migration has been affected by
climate change. Literature has shown that the first arrival
date of migrating birds has changed over time (PearceHiggins et al. 2014). This is consistent with farmers’ observations in the change of the onset and cessation of
rains. The migration of birds in the tropics (both
palaearctic and African migrants) is more influenced
by rainfall seasonality than temperature, and this is an
indirect driver of resource availability (Grant et al.
2000; Pearce-Higgins et al. 2014).

2) PLANTS
Tree phenology is influenced by climate seasonality.
Some trees flower during the cessation while others flower
during the onset of rains. Tree phenology may provide
climate information for rain-fed agriculture for decisionmaking and farm planning in relation to the varying cropwater requirements. Annual crop production is sensitive
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to the status of soil-water availability during the productive and reproductive stages, which is influenced by the
onset and cessation of rains. The poor local specificity of
scientific climate forecasts makes farmers use biotic environmental indicators such as trees, insects, and birds in
their localities to provide climate information.
The findings show that Markhamia lutea, Acacia spp.,
Ficus natelensis, and Erythrina sp. are essential indicators
of the onset of rains (Table 3). There is some consistency
between what we would expect from scientific forecasts
and farmers’ use of plant phenology as indicators of the
onset and cessation of rains. A botanist stated that
during onset of rains, plants start budding. After budding,
flowering takes place and for some plants this may be
3 weeks after onset of rains. During water stress conditions,
plants reduce the vegetative production and flowers produce seeds as survival mechanism. . .onset of rains triggers
cell division which influences flowering of plants. The
apical bud produces a hormone florgen that triggers flower
formation. Buds are dormant during cessation of rains.

This implies that there is a time lag between the onset of
rains and when the plants respond to a change in water
availability. This shows that plant indicators may not be
accurate signs for the onset and cessation of rains.
Literature shows that plants are widely used as IF indicators in the following countries: Australia (Green
et al. 2010), New Zealand (King et al. 2008), Tanzania
(Chengula and Nyambo 2016), Botswana (Kolawole
et al. 2014), Kenya (Ifejika Speranza et al. 2010), and
Malawi (Kalanda-Joshua et al. 2011).
Trees such as Markhamia lutea, Acacia spp., and
Erythrina sp. flower during the onset of rains, and Ficus
natelensis shade their leaves during cessation as a response to availability of water in their root zones
(Kushwaha et al. 2011; Sekhwela and Yates 2007). Plant
phenological studies have shown that some trees flower
during the onset of rains because of low stem-water
status while some flower during the cessation of rains
because of the high stem-water status (Broadhead et al.
2003; Singh and Kushwaha 2005). Availability of water
in the root zone is a key factor to tree phenology due to
rainfall seasonality (Kushwaha et al. 2011). Apart from
root zone water availability and stem-water status, the
presence of pollen agents such as insects, birds, and wind
(depending on the onset and cessation of rains) play a
major role in the flowering of trees (Bendix et al. 2006;
Cortés-Flores et al. 2015; Singh and Kushwaha 2006).

3) ANIMAL INDICATORS
(i) Wildlife
The study shows that the behavior of wildlife such as
chimpanzees and elephants may be an indicator of the
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onset and cessation of rain (Table 4). Literature shows
that wildlife behaviors are widely used as IKF indicators
in Kenya (Ifejika Speranza et al. 2010) and Australia
(Green et al. 2010). There appears to be some consistency between what we would expect from scientific
forecasts and farmers’ use of wildlife phenology as indicators of the onset and cessation of rains. Research
shows wildlife phenology follows the pattern of onset
and cessation of rains in a given ecosystem. Literature
has shown that crop raiding by chimpanzees occurs
during the months of forest fruit scarcity and cultivated
fruit availability (Hockings et al. 2009; Moscovice et al.
2007; Tweheyo et al. 2005; Yamakoshi 1998). Chimps
have high preference for fruits with high sugar content
such as bananas, papaws, and mangoes, but other crops
like maize, rice, and cassava are also consumed during
the crop raids (Hockings et al. 2009; Naughton-Treves
1998; Tweheyo et al. 2005). Animal phenological studies
have shown that crop raiding by elephants is due to insufficient availability of essential nutrients such as sodium in their forage (Holdø et al. 2002; Rode et al. 2006),
which is readily available in bananas and sweet potatoes
during harvest periods (Naughton-Treves 1998; Rode
et al. 2006). Studies done in Kibale National Park showed
that climate change was reducing the nutrient content of
forest fruits, which could result in increasing crop raids by
wildlife (Chapman et al. 2005; Rothman et al. 2015). The
literature indicates that wildlife raids follow the rainfall
seasonality pattern.

(ii) Livestock
The results show that livestock behavior may be an
important indicator of the onset of rains (Table 4).
Literature shows that livestock behaviors are widely
used as IKF indicators in Kenya (Luseno et al. 2003;
Ifejika Speranza et al. 2010) and Tanzania (Chengula
and Nyambo 2016). There are no evident ambiguities
between what we would expect from scientific forecasts
and farmers’ use of livestock behaviors as indicators of
the onset and cessation of rains. A livestock scientist
reported the following:
After onset of rains, some animals go on heat and tend
to be playful. This is because of availability of pastures
that provides enough nutrients including energy for
both maintenance and production. Production includes
pregnancy, producing milk and production of semen.
Being playful is part of the mating activities. Female
cows may be observed attempting to jump on other females. Breeding at onset of rains attempts to synchronize availability of pastures with requirements of feed at
calving time. . .Sniffing the behind of females by male
animals is related to mating and is triggered by production of hormones that can trigger ovulation in

227

females. . .reduction in movement is because pastures
are more readily available. Grazing in the direction on
the rains is due to livestock smelling water up to distance of 3 km from where it rained earlier. . .After onset of
rains, there is availability of pastures and water resulting
into improvement of the body condition leading to change
in the appearance of body hair of livestock. The changes
may have time lag of up to 3 weeks. At cessation of rains,
cattle graze selectively on tender grass resulting into
grazing beyond the normal grazing areas. . .Reduction in
movement is because pastures and water are readily
available. In case the water is further away from the
homestead, then they graze near the water source such as
river, lake or stream. . .Feeding on anthills is for provision
of mineral such as iron that may be deficient for the
physiological needs such as pregnancy. Termites bring
fresh soil from underground that is rich in minerals that
are essential for livestock needs.

This suggests that there is a time lag between the actual
occurrence of the onset of rains and the observance of
livestock behaviors.

(iii) Frogs
The results indicate frog calls as a significant indicator
for the onset of rains (Table 4). Literature shows that
frogs are widely used as IKF indicators in Tanzania
(Chang’a et al. 2010; Chengula and Nyambo 2016),
Kenya (Luseno et al. 2003; Ifejika Speranza et al. 2010),
and Malawi (Kalanda-Joshua et al. 2011). There appears to be some consistency between what we would
expect from scientific forecasts and farmers’ use of frog
phenology as indicators onset and cessation of rains.
Research shows that frog phenology follows a pattern
of the onset and cessation of rains in a given habitant.
Animal phenological studies have shown that explosive
breeding frog species calling was triggered by the onset
of rains (Saenz et al. 2006; Schulte and Lötters 2013).
The calls by males are made during the frogs’ breeding
season, which is associated with avoidance of predators
during the dry season and desiccation that decreases
the survival of toads, especially in places that do not
have permanent water flow (Saenz et al. 2006; Schulte
and Lötters 2013).

(iv) Fish
The study findings reveal that fish are a noteworthy
indicator of rainfall seasonality (Table 4). Literature
shows that fish behaviors are widely used as IKF indicators in Australia (Green et al. 2010; Leonard et al.
2013), Tanzania (Chengula and Nyambo 2016), and
Kenya (Ifejika Speranza et al. 2010). There appears,
here, to be some consistency between what we would
expect from scientific forecasts and farmers’ use of fish
behaviors as indicators of the onset and cessation of
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rains. The onset of rains triggers the resource availability
for fish resulting in spawning. Research shows that fish
behavior in the tropics follows the pattern of the onset and
cessation of rains in a given catchment. Fish ecology
studies have shown that fish food such as aquatic insect
larvae for Diptera such as mosquitoes, Odonata such as
dragonflies, and Coleoptera increase in abundance during the onset of rains (Dadebo et al. 2014; MwebazaNdawula, 1984; Yatuha et al. 2013) and become important
resources for juvenile fish such as Claris spp. and Bagrus
docmak (Aruho et al. 2013; Dadebo et al. 2014). Claris
spp. and Bagrus docmak breeding is mostly at the onset of
rains when resources are readily available (Ochumba and
Ala 1992). Inland lake fish are associated with upstream
migration during the onset of rains and downstream migration during the cessation of rains (Ochumba and Ala
1992).This suggests that availability of fish during the rainy
season may provide climate information for farmers.
Dragonflies are common in wetland areas because the
adult flies feed on aquatic food (Elzinga 1987).

4) INSECTS
The study shows red ants as relevant indicators for the
onset of rains, and butterflies and grasshoppers as significant indicators for the cessation of rains (Table 5).
Literature shows that insects are widely used as IKF
indicators in Australia (Leonard et al. 2013), Tanzania
(Chang’a et al. 2010; Chengula and Nyambo 2016),
Kenya (Luseno et al. 2003; Ifejika Speranza et al. 2010),
Burkina Faso (Roncoli et al. 2002), and Malawi
(Kalanda-Joshua et al. 2011). There are no noticeable
inconsistencies between what we would expect from
scientific forecasts and farmers’ use of insect phenology
as indicators of the onset and cessation of rains. An
entomologist said the following:
Red ant movement increases during onset of rains because
there is plenty of food. . .Migration of butterflies usually at
onset of rains or toward end of dry season to lay eggs.
During rainy season, there are many caterpillars. At onset
of rains the eggs turn into caterpillars when there is plenty
of food. Birds feed on butterflies especially larval stage in
form of caterpillars. . .The short horned grasshoppers are
foliage eaters. They are more seen at onset of rains as part
of their hatching behavior. They lay eggs in the soil when
they anticipate food. Eggs hatch at the set of rains. The
heat in dry period incubates the eggs toward the end of dry
period. . .Safari ants are predators to earthworms, white ants,
termites. During the dry period, they are underground. Only
appear in moist soils during onset of rains. . .Millipedes are
mostly seen in rain season because they feed on organic
matters under moist conditions.

This suggests that rainfall seasonality influences insect
behavior. The changes in insect behaviors are observed
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by the farmers as they implement the various crop
management practices. Research supports the observations of the entomologist, which show that insect phenology is in sequence with the onset and cessation of
rains in a given habitant. Research has shown that the
seasonality of insect activity is influenced by adequate
availability of food; adequate environmental conditions
such as moisture, humidity, and temperature; phenology
of the host plants; and the presence of predators, parasites, and pathogens, which happen at onset or cessation depending on the insect (Novotny and Basset 1998).
Wind plays an important role in the migrations of insects, especially so for airborne insects during the onset and cessation of rains, adverse conditions such as
droughts and scarcity of food (Bale and Hayward 2010).
Literature shows that the onset of rains is one of the
triggers for tropical insect activity such as beetles
(Wolda 1978). The onset of rains triggers the production of young leaves, which are the main resource
base for Hymenoptera and Hemipteran (Novotny and
Basset 1998; Wolda 1978). Ficus tree young leaves
are a high quality resource base for Hemipterans
(Novotny and Basset 1998), which are food for birds
such as the pennant-winged nightjar (Macrodipteryx
vexillarius) (Fry and Harwin 1988). Red ants (order
Hymenoptera, family Formicidae) are commonly seen
at the onset of rains because they are adapted to high
rainfall distribution in rain forest ecosystems (Beugnon
and Déjean 1992). Insects have adaptive properties
that make them survive adverse conditions through
diapause (Bale and Hayward 2010; Fand et al. 2012);
for example, grasshopper (order Orthoptera) eggs are
in a state of quiescence during the dry seasons and
droughts and only hatch when soil moisture is adequate
at the onset of rains (Maiga et al. 2010). Grasshopper
diapause can last up to eight months (Maiga et al.
2010), making some insects well adapted to climate
change (Bale and Hayward 2010). Interestingly, the
flying insects such as dragonflies are a good resource
base for migrant birds (Brown et al. 1982; Fry et al.
2000, 2004), hence the link between birds and insects as
indicators of rainfall seasonality. Entomological studies done in the Rwenzori region in Western Uganda
showed that Stomoxys calcitrans breed during the onset
of rains but are adversely affected by the dry season
(Kangwagye 1974; Parr 1959). The onset of rains provides good conditions in open grazing areas with moist
rotted dung that enables eggs to hatch and the pupae to
emerge into adult flies (Parr 1959). In the dry seasons,
cattle kraals moist with rotted cow dung and urine
provide good conditions for breeding (Parr 1959).
These insects are eaten by cattle egrets among grazing
cattle and buffaloes (Urban 1982).
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b. Observance of events on Mount Rwenzori and heat
1) OBSERVANCE OF EVENTS ON MOUNT
RWENZORI
The results showed that observance of events on Mount
Rwenzori is an important IKF indicator. Research has
shown that observance of events on Mount Kilimanjaro
is an IKF indicator for farmers in Kenya and Tanzania
(Chengula and Nyambo 2016; Ifejika Speranza et al.
2010). This suggests that events on topographical features
like mountains provide predictions of rainfall in their
locality.

2) OBSERVANCE OF HEAT
The results showed that observance of heat is an important IKF indicator. A meteorologist revealed that
warm winds are an important predictor of rainfall.
Research shows that observance of heat is used as an
IKF indicator in Kenya and Tanzania (Chengula and
Nyambo 2016; Ifejika Speranza et al. 2010).

c. Abiotic indicators
1) HYDROLOGICAL
The results show that river flow is an important indicator of the onset of rains (Table 6). Literature shows that
hydrological indicators are widely used as IKF indicators in Kenya (Ifejika Speranza et al. 2010), Tanzania
(Chengula and Nyambo 2016), and New Zealand (King
et al. 2008). This indicator is valid in providing rainfall
predictions because river flow patterns are in sequence
with the onset and cessation of rains. A hydrologist reported the following:
Following the onset of rains, river flow upstream increases especially in highlands and mountainous areas.
River flow increases in velocity as it flows through narrow
gorges in the mountainous areas. High meandering of a
river, results into increased velocity. As the turbulent
water increases downstream, it hits river banks with high
speed making a lot of noise. The river volume is much
lower upstream but increases as more streams flow into
the river downstream. Following cessation of rains, river
flow decreases upstream and consequently the velocity
reduces as the flow goes downstream.

This suggests that the hydrological indicator has a time
lag between the onset and cessation of rains happens and
when it is observed. In the case of the Rwenzori region,
streams start in mountains. The river flow increases as
more streams join the river and, being a mountainous
area, there is a significant of meandering of the river
through valleys. Research supports the observations of
the hydrologist, showing that river flow patterns are

in sequence with the onset and cessation of rains.
Literature shows that river flow volume increases during
the onset of rains as the stream passes through the riverine gorges especially for riverbeds that have clayey or
rocky soils with low infiltration (Bobba et al. 1995; Davie
2008). The velocity of the river increases with change
in altitude of terrain, and meandering river channels
become a turbulent flow that leads to loud noises in the
river gorges as the streamflow hits the riverbanks at high
velocities (Shaw et al. 2010). It is common for communities downstream of the river gorge or flood plain to
observe increased water levels while upstream communities are experiencing the onset of rains; the river flow
volume and speed decrease during the cessation of rains
(Shaw et al. 2010). This is a plausible explanation for the
observation of farmers that the onset of rains in the
mountain ranges of Rwenzori results in increased volume of rivers downstream due to the rain shadow effect
(Davie 2008).

2) METEOROLOGICAL
Environmental abiotic indicators play an important
role in IF. The findings show that wind is a significant
indicator of the onset and cessation of rains (Table 7).
Literature shows that wind movement is widely used as
an IKF indicator in countries such as Canada (Gearheard
et al. 2010; Weatherhead et al. 2010), Australia (Green
et al. 2010), New Zealand (King et al. 2008), Samoa
Islands (Lefale 2010), Tanzania (Chang’a et al. 2010;
Chengula and Nyambo 2016), Kenya (Luseno et al. 2003;
Ifejika Speranza et al. 2010), and Malawi (KalandaJoshua et al. 2011). This indicator is valid in providing
rainfall predictions because wind movement follows a
sequence with the onset and cessation of rains. Research
shows that wind movement is in sequence with the onset
and cessation of rains. Literature has shown that local
winds greatly influence the rainfall seasonality of a locality (Aguado and Burt 2010; Ahrens 2012; Lutgens
et al. 2001).
Local winds are due to a pressure difference that
emanates from unequal Earth-surface heating (Lutgens
et al. 2001). One of the main predictors of the climatology of the Rwenzori region, which lies at the equator,
is the intertropical convergence zone (ITCZ), which is a
zone of low pressure where winds converge (Basalirwa
1995; Ogallo 1989; Ogallo et al. 1988). As local winds
cross over lakes such as Lakes George, Albert, Edward,
and Victoria, the change in speed inhibits or enhances
cloud formation leading to rainfall (Ahrens 2012). The
Rwenzori region experiences winds that are called by
different names locally depending on what farmers
perceive to be the locality of origin. Large terrestrial
barriers such as Mount Rwenzori influence rainfall
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seasonality in the region due to the foehn effect on the
windward and leeward sides (Aguado and Burt 2010;
Ahrens 2012; Barry and Chorley 2009). Wind is used
both in IK systems and meteorological sciences in climate forecasting, providing reliable climate information in farming communities (Nganzi et al. 2015). This
suggests that IKF is consistent with scientific forecasts.
Literature shows that winds from the Congo basin
forest are among the rainfall predictors for Western
Uganda (Leroux 2001). Equatorial westerlies are warm
air masses that are associated with the onset of rains,
and easterlies are cold air masses that are associated
with the cessation of rains (Barry and Chorley 2009).
Whirlwinds are due to wind movement causing rotation
of rising air from the hot Earth surface. This phenomenon can happen any time and is not due to rainfall
seasonality.
The findings show that clouds are significant indicators of the onset and cessation of rains (Table 6).
Literature shows that clouds are widely used as IF indicators in Canada (Gearheard et al. 2010; Weatherhead
et al. 2010), Australia (Green et al. 2010), New Zealand
(King et al. 2008), Samoa (Lefale 2010), and Kenya
(Luseno et al. 2003; Ifejika Speranza et al. 2010).
Research shows changes in cloud cover are in pattern
with the onset and cessation of rains. Literature shows
that the formation of nimbus clouds on mountainous or
flat terrain is associated with the onset of rains, while
cumulus clouds are associated with the cessation of
rains (Aguado and Burt 2010; Ahrens 2012; Barry and
Chorley 2009; Lutgens et al. 2001). Clouds are used by
both IK systems and scientific forecasting, providing
reliable climate predictions (Nganzi et al. 2015). This
suggests that IF is in agreement with scientific forecasts.

3) GEOLOGICAL
The findings show earthquakes may, in certain areas,
be used as an indicator of the onset and cessation of rains
(Table 6). A seismologist stated that the ‘‘Albertine
region is highly prone to earthquakes because of its location along the rift valley. Rainfall can induce earthquakes but earthquakes cannot predict rainfall.’’ This
indicates that the expert disagrees with farmers that
earthquakes can predict rainfall seasonality. However, it
suggests that there is a time lag between the onset of
rains and the occurrence of earthquakes. This calls for
further research. Seismic studies have shown that the
Albertine Rift experiences earthquakes (Batte et al.
2014; Lindenfeld and Rümpker 2011; Lindenfeld et al.
2012). Seismic studies done in Germany, Switzerland
and the Canary Islands have shown that there are raintriggered earthquakes (Husen et al. 2007; Jiménez and
García-Fernández 2000; Kraft et al. 2006). Albertine
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seismic studies have shown that about 800 earthquakes
of varying seismic strengths take place per month, with
some being too weak to be felt by local populations
(Batte et al. 2014; Lindenfeld et al. 2012). Ahrens (2012)
showed that earthquakes can cause strong waves on
the lakes.

d. Astronomical indicators
The findings show that stars, sun, and moon are important indicators (Tables 6 and 8). Literature shows
that astronomical indicators are widely used in Peru and
Bolivia (Orlove et al. 2000), Australia (Green et al.
2010), New Zealand (King et al. 2008), Burkina Faso
(Roncoli et al. 2002), Kenya (Luseno et al. 2003; Ifejika
Speranza et al. 2010), Botswana (Kolawole et al. 2014),
Tanzania (Chang’a et al. 2010; Chengula and Nyambo
2016), and Malawi (Kalanda-Joshua et al. 2011).

e. Rainmakers
The findings reported that rainmakers provide rainfall
predictions in the study area. Literature shows that
rainmakers are dependable sources of rainfall predictions
for Nganyi community in western Kenya, Shona in
Zimbabwe, agropastoral communities in the Kalahari
Desert in Botswana, smallholders on the slopes of Mount
Kilimanjaro, the Bonam community in Burkina Fasa, and
Aborigines in Australia (Chengula and Nyambo 2016;
Clarke 2009; Guthiga and Newsham 2011; Mogotsi et al.
2011; Onyango 2013; Roncoli et al. 2002; Vijfhuizen,
1997). This is part of the cultural beliefs in many African
ethnic groupings.

5. Conclusions
The study has established that biotic and abiotic environmental indicators play an important role in helping to
provide climate information to farmers in the Rwenzori
region. Key informants and literature indicate that the
main driver of biotic indicators during the onset and
cessation of rains is availability of food resources, and this
applies mostly to birds, insects, and fish. The onset and
cessation of rain forecasts influence pastoralists’ and
farmers’ decision-making in selection of crop enterprises
and livestock management practices for the first and
second rainy seasons.
Meteorologists and the farming community consider
similar indicators such as clouds and winds. IF is in
agreement with scientific forecasts and not at odds with
it. Literature and key informants have shown that that
there is a time lag between the observance of biotic indictors and the actual occurrence of onset and cessation
of rains. It is interesting to note that pastoralists and
farmers use a wide variety of indicators (biotic and
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abiotic), which improves the credibility, saliency, and
trustworthiness of the climate predictions. The use of
diversity of indicators appears valuable, since it is keenly
concerned with plants and animals and provides climate
information within the locality.
We have shown that there may, in certain areas, be
consistency between what we would expect from scientific forecasts and indigenous forecast indicators that
farmers use in estimating the onset and cessation of
rains. The fact that the use of abiotic indicators has no
noticeable discrepancies as compared with meteorological understanding simply underscores the relevance
of the IF indicators. Therefore, national meteorological
systems may thus find it valuable to consider biotic indicators as well as the abiotic ones to improve their
forecasts and also to better connect their forecasts with
the indigenous understanding of rainfall patterns.
There has been a delay by meteorologists in integrating
IF in national meteorology systems due to failure to appreciate the phenological explanations of biotic indicators, which provide sound scientific basis for farmers’
observations. It should be appreciated that farmers’ observations of abiotic indicators concur with meteorological science. This calls for integrations of IF in national
meteorological systems in a bid to improve the use of
climate information in rural climate change adaptation
interventions, and thereby improve rural livelihoods that
are dependent on rain-fed agriculture. As African governments increase investments in meteorological infrastructure in rural areas with automatic weather stations,
coproduction of climate forecasts by meteorologists and
rural populations can be explored. This would entail
having participatory meteorological dialogues between
meteorologists and farming communities to evaluate the
forecasts of the previous season and create consensus on
the predictions of the coming season. Coproduction of
climate services involves participatory approaches in
production and dissemination of climate information
between producers and end users.
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