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Abstract

Majority of Lamu people depend on mangrove and fishery for trade and livelihood. However, their livelihood is now
threatened by climate change which is increasingly becoming a local threat in the region. Due to destructive impacts of
climate change on mangroves ecosystem, most of mangrove traders and fisherfolk in Lamu Kenya have seen their source
of livelihood shrinking day by day. The study examined the impact of climate change on mangrove -dependent livelihoods
in Lamu county through a climate justice lens. The study was based in Lamu County that is one of the six coastal counties
in Kenya. The study adopted quantitative and qualitative research approach. For quantitative approach, descriptive survey
research design was adopted with data being collected using data collection sheet and house hold survey. The climate
variables of concern included mean sea level, rainfall, and temperatures. Qualitative approach adopted focus group
discussion and key informant interview to collect needed data. Data was analysed using SPSS and Microsoft excel. The
descriptive statistics used in the study included mean, minimum, maximum and graphs. Inferential statistics adopted
included regression, Paired t test and Mann-Kendall non-parametric test. Qualitative data was transcribed and analysed
using content analysis technique. The analysis involved identifying themes developed from research questions and
narrative responses from the respondents in the FGD and KII. The erratic climate conditions experienced in Lamu have
impacted on mangroves and mangrove dependent livelihood via destruction of properties and infrastructure, reduced
availability of mangrove products, destruction of recreational sites and beaches, fresh drinking water problems, the
emergence of livestock and animal diseases among others. The study suggests increased funds allocation to programs
aimed achieving climate justice. The study contributes to body of knowledge on the nexus between climate change and
ecosystem dependent livelihoods. The study reveals how temperature, rainfall and sea level variability is impacting
mangrove dependent livelihoods.
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INTRODUCTION

Climate change is a long-term change in the average weather patterns that have come to define earth’s Global, regional and
local climates. Climate change factors including sea level rise, increased storminess, altered precipitation regime and
increasing temperature are impacting mangroves at global, regional and national scales (Ellison, 2015). Variation in
climate have been linked to mangrove biodiversity change (Ward, et. al.,2016; Rogers et al., 2019; Cameron et al., 2021).
Ward et al. (2016) established that sea level rise and storminess was likely to have a greater impact on mangroves in North
and Central America, Asia, Australia, and East Africa than West Africa and S. America. Globally, the total surface area of
mangroves has decreased by 1.04 million ha between 1990 and 2020 (Friess et al., 2020). The rate of loss has more than
halved over the three decades, from 46 700 ha per year in 1990-2000, to 36 300 ha per year in 2000— 2010, to 21 200 ha
per year in the most recent decade (Richards et al., 2020). Coastal communities in Pakistan, Bangladesh and Sri Lanka who
depends on mangrove ecosystem for trade and fishery have negatively been exposed (Salik et al., 2016). Climate change is
an emerging threat to mangrove ecosystems in Africa too (Scales et al., 2018). For example, across the coastlines of
Ghana, Nigeria, Cameroon, Equatorial Guinea, Gabon, Democratic Republic of Congo (DRC), and Angola, high sea level
and increased sea temperature have significantly affected the mangrove forest hence affecting livelihoods (Diop et al.,
2014). In Kenya, climate change is negatively affecting the coastal regions (Kogo et al., 2020). Climate change via
variables such as sea level rise and flooding have displaced coastal indigenous population and destroyed property.
Mangrove cover in Kenya which is estimated at 50,000-60,000 hectares have significantly declined by almost one-fifth
between 1985 and 2020 (Kairo et al., 2002). Over 70% of Lamu people partially depend on mangrove and fishery for trade
and livelihood (Wanderi, 2019). However, theses livelihood is now threatened by climate change which is increasingly
becoming a local threat in the region — sea-level rise, ocean acidification and ocean warming which may also have a
serious bearing community’s livelihood (Alden et al., 2021). As a result of destructive impacts of climate change on
mangroves ecosystem, most of mangrove traders and fisherfolk in Lamu Kenya have seen their source of livelihood
shrinking day by day. The climate variables such as rainfall, temperature, sea level rise and sea storminess have become
unpredictable in Lamu with dare consequences on mangroves and mangrove dependent livelihoods (Okello et al., 2015;
Yvonne et al., 2020). There was therefore the need for a study that examines how the climate change is impacting on the
mangroves and mangrove dependent livelihoods as well as their climate justice aspirations. The current study thus sought
to quantify, through a climate justice lens, the impacts of climate change on mangrove-dependent livelihoods in Lamu
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county, Kenya. The study was based on two hypotheses; a) There is a negative trend in climate change variables in Lamu
county. b) There is no significant link between climate change and mangrove dependent livelihoods in Lamu county.

LITERATURE REVIEW

The inter-related and spatially variable climate change factors including sea level rise, increased storminess, altered
precipitation regime and increased temperature in coastal regions have negatively affected political economic of mangrove-
dependent communities at the global scale (Raymond et al., 2016). In Pakistan, Bangladesh and Sri Lanka, coastal
communities who solely depend on mangrove for trade and fishery have been exposed highly by climate change (Salik et
al., 2016). Wilson, (2017) showed that sea level rise that causes saline intrusion, coastal erosion and destruction of primary
habitat is currently the most immediate climate-related threat to mangroves in Caribbean Small Island (SIDS). Further,
Rogers et al., (2019) established that the southern parts of England and US was projected to lose suitable habitat for many
mangrove species hence majority of fishing communities were projected to face declining future fishing opportunities.
Further, Ward et al. (2016) — in North and Central America, Asia, Australia, East Africa, West Africa and South America —
established that Sea level rise is likely to influence mangroves in all regions although local impacts are likely to be more
varied.

In Africa, climate change is an emerging threat to mangrove ecosystems (Scales et al., 2018). In Madagascar and the
Central African regions, climate change has majorly affected the mangrove — dependent communities across the coasts of
Nigeria, Ghana, Cameroon, Equatorial Guinea, Angola, Gabon and Democratic Republic of Congo [DRC] (Diop et al.,
2014). In East African mangrove ecoregion, climate change has also affected the mangrove dependent communities across
the coastlines of Mozambique, Tanzania, Kenya and southern Somalia (Bandeira et al., 2018). The overall regional decline
of mangrove surface area with a net loss of 984 sq. km between 1975 and 2013 recorded socio-economic vulnerability
among the mangrove dependent communities. Maina et al., 2021) identifies sea level and macroclimate as the main
drivers of the present-day ecological condition of mangroves in Western Indian Ocean [WIO]. Nicholson (2019) showed
that rainfall seasonality is quite complex, changing within tens of kilometres showing strong links to the El Nino-Southern
Oscillation (ENSO) phenomenon in Eastern Africa Region.

In Kenya, climate change is happening now and is affecting almost all sectors with agriculture and food security mostly
affected (Kogo et al., 2020). Intense drought, increased sea waves, sea level rise, high temperature and flash floods have
threatened the livelihood of coastal communities in Kenya (Kogo et al., 2020). Climate change has been attributed to a
decline in mangrove forest in Lamu county where over 60% of the population depends on mangrove-ecosystem for
sustainability and livelihood (Hamza et al., 2020; Kirui et al., 2013). Further, Hamza (2022) showed a decrease in
mangrove cover in Lamu county between 2010-2019, with areas closer to settlements exhibiting higher deforestation rates.
A study in Lamu (Yvonne et al., 2020) established significant warming trends in the study area over the period 1974-2014.
This warming is attributed to a rise in maximum temperatures. In contrast to temperature, a clear picture of the rainfall
trend has not emerged. A study in Ungwana Bay and the Lower Tana Delta (Dzoga et al., 2019) showed that trend in
terrestrial temperature significant and positive over time for the region. In context of climate justice, it is the responsibility
of national and local leaders across coastal region in Kenya to engage stakeholders in assessing vulnerability and designing
adaptation strategies that are technically, financially, and politically achievable (Tobey et al., 2009). There is need to
analyse climate variability and change into the design and implementation of climate justice policies and regulations to be
implemented within the coastal zone (Tobey et al., 2009).

METHODOLOGY

The study was based in Lamu County that is one of the six coastal counties in Kenya. It borders Somalia on the northeast,
Garissa to the north and the Indian Ocean to the south and lies between 1° 39° 10.85” S, 40° 11’ 47” E; 1° 39° 23.39” S, 41°
377 18.317E; 2° 27> 42.24” S, 41° 37 20.15” E and 2° 27’ 36.43” S, 40°11°26.76” with most of the land at an altitude less
than 50m above sea level (Figure 1).
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Figure 1: Lamu County Map (Kenya National Bureau of Statistics , 2019)

The county borders the Republic of Somalia to the north east, Garissa and [jara to the north, the Indian Ocean to the south
and south east, and Tana River to the south west and west. The county covers an area of approximately 6,273.1 km2
(Hoyle, 2001). The county has two constituencies; Lamu West and Lamu East. The study adopted qualitative research
approach (Mugenda & Mugenda, 2009). Qualitative and quantitative research designs were employed (Mugenda &
Mugenda, 2009). For quantitative approach, descriptive survey research design was adopted to establish the impact of
independent variables (climate change) on livelihood of ecosystem dependent population. Data was collected using house
hold survey and data collection sheets. Quantitative secondary data on climate change variables was collected using data
collection sheet. The variables of concern included mean sea level, rainfall, and temperatures. The data on climate
variables was collected for a period of 35 years from 1986 to 2021. The data collected, their description, unit of
measurement and sources is presented in Table 1.

Table 3. 1:Secondary Data Sources on Climate Change

Climate Variable Description of Data Units Source of Data
Atmospheric Annual Minimum and oC National Oceanic and Atmospheric
Temperature (SST) Maximum Administration (NOAA)
Rainfall Mean Annual rainfall level Ml Kenya Meteorological Department
Mean Seasonal rainfall (KMD)-Lamu Station
Sea level rise (SLR) Mean annual seal level mm KMFRI and University of Hawaii

Sea Level Centre (UHSLC).

Household survey was employed among sampled households in Lamu County. The target population was 37,963
households for the two parliamentary constituencies in Lamu County: Lamu West and Lamu East (KNBS, 2019). The
households were distributed over nine divisions (Witu, Amu, Hindi, Mkumbini, Mpeketoni, Basuba, Faza, Kiunga and
Kizingitini). Since the households were many, the study adopted the formulae by Kothari (2012) to determine the sample
size for the residents of Lamu County to participate in the study.

_ =2pgN

T e2(N-114+z2pg

Where e is the error for this study, taken as 5%; p is the population reliability, taken as p=0.5; q= (1-p), z is the normal
distribution at 0.05 level of significance such that z =1.96, N is target population and n is sample size. The sample size is
therefore calculated as shown below.

1.96+L96+ 1.5+0.5+37,963
0.05+0.05 (37963 1)+ L96+L.96+0.5+0.5

n=380.32
n =380
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Further, the study adopted stratified random sampling (Kothari, 2004) to pick the households to participate in the study.
Using the stratified random sampling, the sample size was stratified into sub counties and then administrative divisions.
The number of households who participated in the study from each administrative division was determined using
proportionate sampling. The actual picking of households to participate in the study was based on simple random sampling
from a list prepared for each administrative division. The head of the household automatically participated in the study and
in cases where they are absent, the representative of the head of the household participated in the study. The unit of
analysis was the households and the subject of analysis was the head of the household or their representative. During the
household survey, questionnaires were administered to 380 sampled households in Lamu County. The questionnaire items
sought information on how climate change was impacting mangrove dependent livelihoods in Lamu. The local research
assistants involved in the administration of household survey questionnaire were identified and trained. The researcher’s
role during house hold survey was that of monitoring the work of research assistants. The monitoring was made possible
through phone calls and random visits to places where research assistants were collecting data over the data collection
period.

The study also undertaken key informant interviews with experts and representatives from various organizations. The study
adopted purposive sampling technique to select various special groups in the general population in Lamu that had deeper
information regarding the impact of climate change on mangrove dependent communities in Lamu County. The
respondents who participated in key informant interviews were picked from County Government of Lamu, Kenya Forest
Service (KFS), Kenya Marine and Fishery Research Institute (KMFRI), Department of Climatology in Lamu, National
Environmental Management Authority (NEMA), Non-governmental and civil society organizations. The study interviewed
twenty (20) respondents based pre prepared KII guide. The KII was undertaken at the place of work of respondents
depending on their work schedules by the researcher. The key informant interview was undertaken between 5th September
2020 — 10th October 2020. The participants in the KII where they were queried on how climate change has impacted on
mangrove dependent livelihood in Lamu County. The participants were also queried on whether climate change and its
impacts on mangroves has compromised the climate justice for Lamu County residents depending on Mangrove products.

Focus group discussions (FGD) was also conducted with purposive sampling being adopted to select those who
participated in the FGD. The groups included civil society organization representatives (Save Lamu), mangrove cutters
licensees, Beach Management Units (BMUSs) officials, women group representatives, youth group representatives, artisanal
fishers. The study carried out five (5) focus group discussion sessions with each session having 10 participants excluding
researcher and lasting 60 minutes. The first session was held in Shella (Public square) on 11th September 2020. The
second session was held in Mpeketoni on 14th September 2020. The third session was done in Faza on 15th September
2020. The fourth session was held in Kiunga on 17th September 2020 and the fifth session was done in Kizingitini on 18th
September 2020. Each focus group discussion session had a mix of gender, ages and group represented. The focus group
discussions were undertaken as spearheaded by trained local leader who acted as research assistant. The local leaders were
consulted in selection of participants with priority being given to people who have lived in the area for a long time, gender
balance. The role of researcher in the FGD was that of observing and taking notes emerging during the discussion. The
respondents discussed how climate change had impacted on the mangrove ecosystem and the livelihood of the population
depending on products of mangrove. The respondents were further queried on how whether climate change has impaired
climate justice for the residents of Lamu County dependent on mangroves.

The quantitative data generated in the study was analysed using Statistical Package for Social Scientists (SPSS) version 23
and Microsoft Excel. The descriptive statistics used in the study included mean, minimum, maximum and graphs.
Inferential statistics adopted included regression (examining whether time was a predictor of rainfall, temperature and sea
level). Paired t test was adopted to examine whether there was any significant change in climate variables (10 years ago
and now; being when household survey was undertaken). Further, paired t test was adopted to examine whether
mangroves and mangrove dependent livelihood was impacted by climate change and Lamu port development. Mann-
Kendall non-parametric test was adopted to examine the significance of the slope of the trend of climatic variables
including rainfall, temperature and seal level rise. Qualitative data was transcribed and analysed using content analysis
technique. The analysis involved identifying themes developed from research questions and narrative responses from the
respondents in the FGD and KII. Synthesis was done on the basis of triangulation where data gathered from quantitative
and qualitative sources were integrated.

FINDINGS /RESULTS AND DISCUSION
4.1 Demographic Characteristics

The respondents’ demographics included household survey, KII and FGD demographics. The study had sampled 380
respondents to participate in the study of which 353 actually filled the questionnaire, giving a return rate of 92.8%. The
majority of the households that participated in the study were males with 227 (64.3%) against 126 (35.7%) females. The
gender of the respondents was critical given that different genders are affected by climate differently and their ways of
adaptation also differs. Majority of the households that participated in the study were aged 35 years and above hence were
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old enough to answer questions on climate change and how it has impacted their livelihood. The majority of the
respondents who participated had their highest education level between primary and Certificate/Diploma. Education level
was a critical demographic variable given that better educated individuals tend to be knowledgeable on issues regarding
climate change and better ways of adapting to it. The study established that majority (86.3%) of household’s heads had
stayed in Lamu for over thirty years hence have stayed long enough to answer questions on climate change within Lamu.
The findings also showed that majority of respondents were fishermen/fisher folk/ and mangrove cutters/ licensee who are
presumably more susceptible to climate changes. The study interviewed 20 key informants who were critical in giving
expert or additional information regarding climate change and how it is impacting on mangrove dependent livelihood in
Lamu.

4.2 Temperature Variation and Trend Analysis

During the 36-year period (1985-2020), the minimum values for annual maximum and annual minimum temperature were
30.5 °C and 23.2 °C respectively in Lamu (Figure 2).
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Figure 2: Annual Maximum and Minimum Temperature (1985-2020) in Lamu (KMD, 2020)

The minimum temperature values were experienced in 1997 when there was El Nifio rainfall in Kenya with most days
being cloudy hence low relative temperature in Lamu (Karanja et al, 2001). In addition, the maximum values for annual
maximum and annual minimum temperature were 32 °C and 25 °C respectively in Lamu. Further, annual maximum and
annual minimum temperature over the study period (1985-2020) showed a rising trend rising in Lamu County. The finding
implies a rise in annual temperatures in Lamu with annual minimum and annual maximum temperatures rising by 0.034 °C
and 0.0281 °C per year respectively and the temperature increases is expected to continue in the future. The coefficient of
determination (R?) revealed that time explains 62.6% and 55.7% of the total variation in maximum and minimum
temperature, respectively. Further, the study examined the significance of the trend for annual maximum and minimum
temperature over the study period in Lamu based on Mann-Kendall non-parametric test as presented in Table 2.

Table 2: Mann-Kendall Test for Temperature Trend in Lamu (1985-2020)

Year MaxTemp MinTemp
Kendall's tau_b Year Correlation Coefficient 1.000 626 627
Sig. (2-tailed) . 1000 2000
MaxTemp Correlation Coefficient .626™ 1.000 .599™
Sig. (2-tailed) 1000 . 000
MinTemp Correlation Coefficient 627 .599* 1.000
Sig. (2-tailed) 1000 1000

**_ Correlation is significant at the 0.01 level (2-tailed)

For maximum temperature, Kendall’s Tau_b was positive and statistically significant (Kendall's tau-b = 0.626, p= 0.000<
0.05). Similarly, for minimum temperature, Kendall’s Tau b was positive and statistically significant (Kendall's tau-b =
0.627, p= 0.000< 0.05). The finding implying that the trend for maximum and minimum temperature from 1985-2020 in
Lamu was rising and that time was a predictor for temperature experienced in Lamu also revealed in empirical studies
(Yvonne et al., 2020).

4.3 Seasonal Rainfall Variation and Trend Analysis
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The study examined the trend for long rain season’s rainfall [March —May 1985-2020] and short rain seasons rainfall
[October — December 1985-2020 ] (Figure 3).
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Figure 1: Trend in Average Season Rainfall in Lamu County [1985-2020] (Source: KMD (2020)

The study revealed that the minimum and maximum for long rain season’s rainfall was 100 mm and 1200 mm,
respectively, over the study period. In contrast, the minimum and maximum for short rains season’s rainfall was 20 mm
and 950 mm respectively over the study period. Further, Lamu experienced a declining trend in average long rains season’s
rainfall in the last 35 years from 1985 to 2020. In contrast, there was a rising trend in average short rains season’s rainfall
over the same period. In the long rains season, the coefficient of determination was 0.0163 implying that time variable
explained only 1.6 % of the variation in average long rains season’ rainfall received in Lamu County. In contrast, for the
short rain season, the coefficient of determination was 0.2711 implying that time variable explained 27% of the variation in
average short rains season’ rainfall received in Lamu County. The finding implies that time factor explained short rains
season rainfall amount more than it did the long rains season’s rainfall

Further, the study examined the significance of the trend for average season’s rainfall for Lamu between 1985 -2020 based
on Mann-Kendall non-parametric test as presented in Table 3.

Table 3: Mann-Kendall Test for Average seasonal Rainfall Trend in Lamu (1985-2020)

Year Long Rains Short Rains
Kendall's Year Correlation Coefficient 1.000 -.048 445
tau_b Sig. (2-tailed) . 682 1000
Long Rains Correlation Coefficient -.048 1.000 -.063
Sig. (2-tailed) 682 . 594
Short Rains Correlation Coefficient 445" -.063 1.000
Sig. (2-tailed) .000 .594

**_Correlation is significant at the 0.01 level (2-tailed).

Kendall’s Tau_b for correlation between time and amount of rainfall received in long rains seasons was negative and not
statistically significant (Kendall’s tau-b = -.048, p=.682 > 0.05) implying average long rains season’s rainfall from 1985-
2020 was falling; however, time was not a significant predictor of rainfall. In contrast, for the short rains season, there was
positive and statistically significant correlation between time and amount of rainfall received (Kendall’s tau-b = .445, p=
.000 > 0.05) implying that average short rains season’s rainfall from 1985-2020 was rising and time was a significant
predictor of rainfall (Yvonne et al., 2020).

4.4 Seal Level Variation and Trend Analysis

The study examined the variability and trend analysis of mean sea level rise based on annual secondary data collected from
University of Hawaii Sea Level Centre (UHSLC) through the link http://www.soest.hawaii.edu/UHSLC. The minimum
and maximum mean annual sea level was 7023 millimetres and 7151 millimetres, respectively, relative to the Revised
Local Reference (RLR) datums as established by PSMSL [approximately 7 meters below mean sea level] (Figure 4).
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Figure 5. 2: Annual Mean Sea Level (1995-2020) for Lamu (Hawaii Sea Level Centre [UHSLC] (2018)

The maximum mean sea level was recorded in 2015 while the minimum mean sea level was recorded in 2001 coinciding
with a period of rising and sustained annual temperatures from 1999- to 2001. The high temperature could have led to high
evaporation of the seawaters. Further, mean sea level depicted a rising trend over the last 30 years with the sea level rising
from 7066 millimetres recorded in 1995 to 7114 millimetres recorded in 2019 (A rise of about 50 millimetres). The
coefficient of determination (R?) showed that time explained 49.07% of the total variation in mean sea level in the study
period. Further, Mann-Kendall test for annual mean sea level (MSL) trend was undertaken to establish the significance of
the slope of sea level (Table 4). Kendall’s Tau b was positive and statistically significant (Kendall’s tau-b = 0.577, p=
0.000< 0.05) implying that the trend for annual mean sea level from 1995-2018 in Lamu was explained by time in years.
This phenomenon is likely related to the observation of accelerated glacial melting from increasing atmospheric
temperatures leading to expanding ocean volume (Ogallo et al., 1988).

Table 4 : Mann-Kendall Test for Annual Mean Sea Level Trend in Lamu

Year MSL (mm)
Kendall's tau_b Year Correlation Coefficient 1.000 S77
Sig. (2-tailed) . 1000
MSL (mm) Correlation Coefficient S7T7 1.000
Sig. (2-tailed) 1000

**_ Correlation is significant at the 0.01 level (2-tailed).

4.5 People’s Perception on Climate Change
4.5.1 Perception on Rainfall

The study sought to examine the variability of temperature in the last 10 years (2010-2020) in Lamu based on respondents
perception. The study revealed that (Figure 5) 87.8% of the respondents were of the perception that the temperature was
higher at the present time compared to the last 10 years. Further, 87.5% of the respondents perceived that the temperature
was fluctuating significantly compared to the last 10 years. The FGD also revealed a significant change in temperature
with most participants noting that temperature in Lamu has been on the rise for a long time. A respondent [a tour guide
from Kiunga] revealed,

“Lamu temperatures have been on the rise lately. The beach area gets hot as early as 11 a.m. and it remains hot
throughout the afternoon. Most local tourist fear the hot temperatures and often take a rest until late in the
afternoon before they are back at the beach. In my 20 years stay in Lamu, I have never witnessed temperatures
rise this much...”
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Figure 3: Perception on Temperature

The finding implies that temperature in Lamu was rising and fluctuating greatly at the same time. The rise in temperature
now could be attributed partly to global warming (Zandalinas et al., 2021). Further, the study employed paired t-test to
establish whether there was a significant rise and fluctuation temperature in the last 10 years (Table 5.11).

Table 5 : Difference Temperature Now and 10 Years Ago
Paired Samples Test

Paired Differences t df Sig. (2-
Mean SD SE 95% CI of the tailed)
Mean Difference

Lower Upper

Temp Intensity 10 years ago -.490 574 .030 -.550 -.429 -16.0 352 .000
- Temp intensity Now
Temp fluctuation 10 Years -.229 .584 .031 -.290 -.168 -7.3 352 .000

ago - Temp fluctuation Now

The findings (Table 5) showed that there was a significant rise in temperature over the last 10 years as depicted by p-values
lower than 0.05 level of significance (t= -16 and p=. 000<.05). Regarding temperature fluctuation, the study noted a
significant positive fluctuation in temperature over the last 10 years as shown by p-values lower than 0.05 level of
significance (t=-7.3 and p=. 000<.05). The findings therefore implied that temperature in Lamu has been on the rise and
fluctuating significantly at the same time.

4.5.2 Perception on Rainfall

The researcher sought the perceptions of respondents on the amount and distribution of rainfall in the last 10 years (2010-
2020) (Figure 6). Majority (90.1%) of the respondents were of the perception that contemporaneous rainfall was low
compared to previous 10 years ago. Regarding rainfall distribution, majority (91.8%) of the respondents perceived that
rainfall was unequally distributed over the season now compared to 10 years ago. A respondent [farmer from Faza area] in
the FGD stated,
“I have observed that the longer rains that traditionally began in April, sometimes now only arrive as late as June,
and often end earlier too.... there is now little difference between the so-called “long” and “short” rains. ... within
the season rainfall has been sporadic and erratic also in Mkokoni and Ndau area...”

The findings in the FGD and questionnaires were thus in congruence regarding rainfall distribution having changed in the
current period compared to 10 years ago.
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Figure 4: Perception on Rainfall Amount and Distribution in the last 10 years (1990-2020)

Further, the study employed paired t-test to establish whether there was a significant difference between the amount and
distribution of rainfall at the present time and 10 years ago. The findings (Table 6) showed that there was a significant
difference between rainfall amounts received now with the amount received 10 years ago (p = 0.000 < .05). Further, there
was a significant difference between rainfall distribution now with the distribution 10 years ago (p= .000 < 0.05). The
study therefore concluded that rainfall amount received in Lamu County had declined over time and that even the
distribution was unequal over the season now compared to 10 years ago. The finding agrees with Yvonne et al. (2020) that
also showed seasonal rainfall being erratic.

Table 6: Rainfall Amount and Distribution Now and 10 Years ago in Lamu
Paired Samples Test

Paired Differences t Df  Sig. (2-
Mean SD SE 95% CI of the tailed)
Mean Difference
Lower Upper
Rainfall amount 10 years .643 .535 .028 .699 .586 22.5 352 .000
ago - Rainfall amount
now
Rainfall Distribution 10 541 .558 .029 482 .599 18.2 352 .000

years ago - Rainfall
distribution now

4.5.3 Perception on Sea Level Rise

The research also examined seal level rise in the last 10 years (2010-2020). The examination was based on the null
hypothesis that there is no significant difference in seal level now and 10 years ago in Lamu. The study (Figure 7) revealed
that the sea level is high now compared to 10 years ago as supported by 86.7% of the respondents. The finding implies that
sea level had risen over the past 10 years in Lamu County. Based on FGD, the respondents from Faza, claimed to have
experienced a rise in the sea level. They mentioned flooding and destruction of houses and property, disruption of fishing
activity, loss of farmland through inundation and increased coastal erosion.
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Figure 5: Sea Level now and 10 years ago

One of the respondents [beach leader in Faza] in the FGD stated, “The sea level has been on the rise for as long as I can
remember, most of the places around the beach where I played as child, have now been submerged by rising waters. Most
of the adjacent lands have been swallowed by rising sea level. Even the mangroves around the beach have become flooded
with water with most mangrove trees standing deep in water drying up...”

Further, the finding (Table 7) based on paired t-test revealed that there was a significant difference between sea level at the
present time with sea level 10 years ago (t= -12.8, p=.000<.05). The finding implies that the level of sea in Lamu County
has been on the rise a phenomenon attributed to global warming that is causing sea ice to melt leading to rise in seawaters
globally. Pearce et al. (2014) noted that global mean sea level has risen approximately 210-240 millimetres (mm) since
1880, with about a third coming in just the last two and a half decades.

Table 7: Difference between sea level now and 10 years ago
Paired Samples Test

Paired Differences t df Sig. (2-
Mea SD SE 95% CI of the tailed)
n Mean Difference

Lower Upper
Sea level 10 years Ago  -.413 .606 .032 -477 -.350 -12.8 352 .000
- Sea level now

4.6 Perceived Impact of Climate Change on Mangrove Dependent Livelihood through Climate Justice

The section examines the perceived impact of climate change, through climate justice lens, on livelihood of mangrove
dependent livelihood in Lamu County. The climate change aspects of concern included rainfall, temperature, sea level rise
and sea storminess. The study relied on data collected through household survey, KII and FGD. The findings are presented
in Table 8. The study revealed a number of impacts of climate change on mangrove dependent livelihood. Key livelihoods
affected included destruction of property and infrastructure, displaced populations from their ancestral lands, rise in water
borne infectious and diseases, reduced mangrove products, increased salinity in underground water, destruction and
interference with recreational beaches and destruction of fish habitat hence low fish catch.
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Table 8: Perceived Impact of Climate Change on Mangrove Dependent Livelihood

Rainfall Temperature Seal Level Sea Storminess
Perceived Impact of climate Not True Not True Not True Not True
change on Mangrove dependent True True True True
Livelihood % % % % % % % %
Destruction of property and 4.0 96.0 - - 4.2 95.8 4.5 95.5
infrastructure
Displaced populations from their 5.9 94.1 - - 0.0 100.0 0.0 100.0
ancestral lands
Rise in water borne infectious and 54 94.6 - - 2.8 97.2 - -
diseases
Reduced mangrove products like 0.0 100.0 0.0 100.0 59 94.1 34 96.6
wood, timber and honey.
Increased salinity in underground - - - - 4.2 95.8 - -
water
Destruction and interference with 2.5 97.5 23 97.7 32 96.8 0.0 100.0
recreational beaches
Destruction of fish habitat hence low - - 4.5 95.5 - - 0.0 100.0
fish catch

Majority of respondents (Table 5.14) in the household survey were of the perceptions that rainfall, seal level rise and sea
storminess variability have been destroying property and infrastructure such as roads, houses, bridges in Lamu County
(96%, 95.8% and 95.5%). The FGD revealed the destructive effect of storms on livelihood in Lamu. Most respondents
recalled the Tsunami event in 2004, during which the sea level in villages such as Faza and Mpeketoni rose significantly
causing destruction of homes and other property, fishing boats and nets. One respondent [resident of Mpeketoni] stated:
“Climate change has not been forgiving especially around here in Faza, the erratic rainfall has destroyed most of the
marram roads built through CDF and County government, even houses have never been spared in the wake of floods.”
The destruction of property occasioned by climate change infringes on the social and economic rights of mangrove
dependent livelihoods provided for under article 43 of the CoK 2010. Article 43 of CoK 2010 provides for the right to
accessible and adequate housing and therefore the destruction of homes belonging to mangrove dependent livelihoods by
climate variables like floods and sea level rise infringes on rights accorded under the article and hence they suffer climate
injustice.

Majority of the respondents in the household survey revealed that rainfall (94.1%), sea level rise (100%) and sea
storminess (100%) were the major causes of displacement of populations from ancestral land. The KII with respondent
from KFS revealed, “The heavy downpours are associated with increased soil erosion landwards and transported and
deposited in the mangrove. The soil improves mangroves sediments inclination thereby leading to increased landwards
growth of mangrove thereby displacing population from ancestral land.” The displacement of population from ancestral
lands infringes on social rights as provided for in the International Covenant on Economic, Social and Cultural Rights
(ICESCR, 1966) and Article 44 of the CoK 2010. Article 43 of the CoK 2010 provides that a person belonging to a cultural
or linguistic community has the right, with other members of that community to enjoy the person’s culture and use the
person’s language. The displacement of mangrove dependent livelihoods from their ancestral lands compromises on their
right to enjoy their culture and language as they are separated from their clan members hence, they suffer climate injustice.

Majority (94.6% and 97.2%) of the respondents in the survey were of the perception that climate change through erratic
rainfall and sea level rise had resulted to rise in water borne infectious and diseases respectively. Respondents in the FGD
stated that for the majority of residents in Faza and Mkokoni areas of Lamu depend on rainwater as the main source of
drinking water and once it is depleted, they are forced to beg for it or use stagnant water from nearby pools leading to a rise
of water borne diseases. The stored water also sometimes has been contaminated leading to waterborne diseases such as
Bilharzia. One respondent [a member of Save Lamu] in the FGD stated, “Children and adults in Lamu’s terror-prone Boni
forest are often affected by outbreak of bilharzia and diarrhoea due to drinking contaminated water. The most affected
families are those from Kiangwe, Mangai, Milimani and Basuba villages inside the dense Boni forest. Boni residents have
often been left to drink dirty water from muddy rivers and wells after their water sources dried due to a ravaging drought.”
The resulting water borne diseases infringes on the rights to clean and healthy environment hence climate injustice to
mangrove dependent livelihood in Lamu. The CoK 2010 in article 42 provides that every person has the right to a clean
and healthy environment. This right includes the right to have the environment protected for the benefit of present and
future generations. Further, the 1981 African Charter on Human and Peoples Rights also provides for right to healthy
environment.

Majority of the respondents in the household survey revealed that rainfall (100%), temperature (100%), sea level rise
(94.1%) and sea storminess (96.6%) variability were contributing to reduced availability of mangrove products like wood,



http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

timber, medicine and honey. In the interview with a marine expert from KMFRI, the respondent was of the opinion that
mangroves in Lamu, just like in other tropical areas, were particularly susceptible to Sea Level Rise (SLR) given that they
commonly have limited opportunity to move landward due to terrestrial space constraints, sediment poor environments and
existing human structures and land uses in the coastal zone. The expert stated further stated, “Changes in SLR can cause
sediment erosion, inundation stress and increased salinity in mangrove habitat leading to death of mangrove.” These
factors similarly affect Lamu mangroves and are responsible for reduced supply of mangrove products such as timber for
construction and medicine hence infringed on social and economic rights protected by article 43 of the CoK 2010.

Majority (95.8%) of the respondents in the household survey also perceived that increased salinity in underground fresh
water resulting from seal level rise as the salty seawaters seep into fresh water bodies used by the locals living near the
mangrove. One respondent from Mkokoni who participated in the FGD stated, “There is shortage of drinking water as
most wells have become salty...climate change has worsened water situation in some villages such as Faza.” Further
another respondent noted, “The Island does not have any piped water. Local residents rely primarily on rainwater for their
domestic needs as most wells have either dried up or become salty....” Another respondent from Kiunga stated, “Sea level
rise affects freshwater availability in the coastal villages of Kiunga and Ndau, where boreholes have become brackish due
to saltwater intrusion....” The respondents further added that impact tends to have particular implications for women, since
gendered roles put them in charge of fetching water, and they thus experience increasing burdens on their time when they
have to travel further in search of fresh water. Such salty water intrusion into fresh water sources infringes on the right of
every person — including mangrove dependent livelihoods — to clean and safe water in adequate quantities as provided for
in article 43 of CoK 2010.

Majority of the respondents in the household survey revealed that climate change through rainfall (97.5%), temperature
(97.7%), sea level rise (96.8%) and sea storminess (100%) was responsible for either destruction or interference with
recreational beaches. Rainfall, sea level rise and storms eroded and submerged most of recreational beaches affecting
tourism activities near the mangrove area. Further, increasing temperature affected tourism activities especially when
temperature is at its highest. In an FGD with respondent from Manda area, the respondent stated, “The rising sea level is
slowly swallowing up most of the beaches that tourists like basking on. I am worried that in future, all our sandy beaches
will be under water. Our lives revolve around tourism and fishing and if the tourists stop coming because there are no
beaches for them to bask and swim, I foresee a difficult life for most of us...” Such destruction of recreational beaches
affects incomes sources of those who derive their livelihoods from tourism activities around mangrove areas hence
affecting their ability to provide for their families. The rights to be free from hunger and to have adequate food of
acceptable quality as provided for in article 43 of the CoK 2010 is thus compromised.

The majority of the respondents in the household survey were of the perception that temperature (95.5%) and sea storm
(100%) variability were responsible for destruction of fish habitat hence low fish catch. Based on FGD, respondents
observed that that high temperatures were affecting fishing and crop production activities. High temperatures have affected
the breeding areas of fish, thus reducing quantities in the ocean. The reduced availability of fish due to climate change is
compromising the traditional fishing rights in the areas immediately along the Lamu archipelago thereby leading to climate
injustice. These traditional fishing rights were directly related to their social and economic rights protected under Article
43 of the CoK 2010. The traditional fishing right is also protected under right to life guaranteed under Article 26 of CoK
2010.

4.7 Discussion

The study sought to quantify climate change impact on mangroves and community livelihood through a climate justice lens
in Lamu County, Kenya. The trend analysis showed that maximum temperature in Lamu county was increasing
significantly. The finding agrees with climate projections for the period 2021-2065 that indicated that mean temperatures
were expected to continue to increase (Gok & World bank, 2013). Further, Yvonne et al. (2020) established that there was
increasing trend of maximum temperature in Lamu for the period 1974-2014. Further, based on trend analysis, the
minimum temperature showed a significant increasing trend. The finding disagrees with Yvonne et al. (2020) that found
decreasing non-significant trend for minimum temperatures. Yvonne et al. (2020) was based on data up to 2014 with the
current study adopting data up to 2020 where minimum temperatures have showed a change in trend. The study also
compared instrumental data set on temperatures with that of the household survey and participants in the KII and FGD.
The instrumental data showed that annual maximum and minimum temperature for Lamu for the last 35 years from 1985
to 2020 has been rising. The perception data collected from household survey revealed that temperature has been
increasing over the last 10 years. The two sets of data were thus in congruence revealing that temperature in Lamu has
been rising for last 30 years. The increasing trend in temperature (maximum and minimum) in Lamu County over the study
period has implications for mangrove dependent population as regards fishing and tourism activities. The increase in
temperatures may alter fish breeding and growth as well as availability of different fish species. Further, increasing
temperatures may result to fish migration to deep sea hence low catch near the coastal zones around mangroves. Tourism
activities may also be impacted especially those connected to sport fishing in the mangroves.
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The declining longer rains season (March- June) and increasing shorter season rainfall (October-December) implies that
the longer season rainfall has become unreliable often beginning late and ending earlier than expected hence drought
situations. The finding is in congruence with Yvonne et al. (2020) that revealed changes in rainfall patterns in Lamu
County showed a declining long seasons rain and increasing short seasons rain in the data set collected between 1974-
2014. The perception data collected from households revealed that majority of the respondents were of the opinion that
rainfall was more unequally distributed now compared to 10 years ago. The FGD revealed that rainfall had become erratic
and unpredictable often coming late than expected and sometimes not coming. All the data sources paint a picture of
rainfall in Lamu that has become erratic and unreliable. The finding has implications for mangrove dependent livelihoods
in terms of flooding associated with erratic rainfall that might destroy mangroves, nearby houses and properties as well as
displacement from ancestral lands. The rising trend of sea level for Lamu in the study period implies that most adjacent
lands to the ocean will be submerged by rising sea level. The finding agrees with Ward et al. (2016) that observed that sea
level was rising fast with increased global warming. The findings are supported by IPCC report of (2013) that noted that
SLR is occurring throughout the world due to thermal expansion of ocean water and melting of the polar ice caps. Further,
perception data collected form households revealed that the sea level is high now compared to 10 years ago with FGD
revealing that sea level has risen with villages such as Faza suffering the effect of sea level rise. The finding based on the
two data sets were in congruence where it was clear that sea level has been rising in the last 30 years in Lamu.

The climate change variables (i.e., sea level rise, erratic rainfall and associated flooding) has been linked to destruction of
property and infrastructure (Rowan et al., 2013), reduced availability of mangrove products (Wilson, 2017; Ward et al.,
2016), destruction of recreational sites and beaches (Scott et al., 2012), fresh drinking water problems (Idowu & Lasisi,
2020), the emergence of human and livestock diseases (Levy et al., 2018) and interference with fishing activities (Rogers
et al., 2019). These changes in climate have thus resulted to increased vulnerability of mangrove dependent livelihoods.
The CoK 2010 provides for protection of the natural environment for benefit of those who depend on it. The destruction of
environmental resources — such as mangroves and natural beaches — and properties by climate change thus amounts to
increased vulnerability of mangrove dependent population that needs to be resolved through mitigation and adaptation
efforts. The vulnerability amounts to climate injustice when climate change is linked to human activities both within and
outside the geographic area where the impact is felt. The findings were in congruence with Solayman (2017) that revealed
that the most common impacts of storms were less livelihood opportunity, settlement damage, land-use changes/loss, loss
of fisheries, economic insecurity and migration problem.

CONCLUSION

The study objective sought to quantify climate change and its impact on mangroves dependent livelihoods in Lamu
County. The rainfall has become erratic and unpredictable with longer season rainfall declining and shorter season rainfall
rising. Further, the annual maximum and minimum temperature for Lamu showed a rising trend. Increasing temperatures
accompanied by unreliable rainfall results into heightened drought situations. This has implication for livelihoods
participating in small scale farming with regards to decisions around planting early maturing and drought resistant crop
verities. The annual mean seal level and sea storminess for Lamu has also been rising leading to increased flooding events
in adjacent lands to the ocean. This has implications regarding relocation and building of dykes to minimise damage to
properties and infrastructure. However, the causes of climatic changes were not within the scope of the study. Further, the
study revealed that climate changes had a significant impact on the mangrove ecosystem dependent livelihood: destruction
of property and infrastructure; reduced availability of mangrove products; destruction of recreational sites and beaches;
fresh drinking water problems; the emergence of diseases. Such impacts have increased the vulnerability mangrove
dependent livelihood in Lamu and beyond. The study calls for improved involvement of the sub national structures such as
county governments into climate resiliency programs for vulnerable Mangrove dependent livelihoods. Such involvement of
the sub national structures should emanate from national government and non-governmental organization in climate
change mitigation.

LIMITATION AND STUDY FORWARD

The current study examined the trend in climate change variables including temperature, rainfall, sea level rise and sea
storminess. However, the scope of the study did not examine the causal factors of the climate variables. Future studies
examining climate change variables should go a step further by examining causal factors behind climate change variables
in Lamu and beyond.
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