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Abstract: The heightened occurrence of climate-related disasters such as droughts, floods, and storms has amplified
agricultural vulnerability in developing countries, particularly affecting farmers’ decision-making processes. Despite the
availability of Climate Information Services (CIS), their perceived effectiveness in accurately predicting climate hazards
remains underexplored. This study examines farmers’ perceptions of the effectiveness of CIS in predicting climate-related
hazards in Kondoa and Kiteto districts, Tanzania, where 360 farmers who have access to the Global Framework for Climate
Service Adoption in Africa (GFCS-APA) program were surveyed. Using a 5-point Likert scale, Kendall’s W-test, and Chi-
squared tests, the study revealed significant variation in the perceived relevance and utility of different CIS. The findings
highlight that droughts and erratic rainfall are the most prevalent hazards, affecting 88.91% and 75.21% of farmers,
respectively. Meanwhile, flooding impacts 86.35% of farmers in Bukulu and 56.03% in Emarty, with pest and disease
outbreaks affecting approximately 41-43% of households. Farmers ranked drought as the most critical hazard (mean rank
2.61), followed by erratic rainfall (2.82) and pest outbreaks (3.09). The Kendall's W-test (W = 0.185, p < 0.001) confirmed
moderate agreement on these rankings, with considerable heterogeneity in perceptions. Regarding CIS effectiveness, farmers
ranked agrometeorological advisory services highest (mean score 4.72), followed by seasonal weather forecasts (4.36).
However, extreme weather predictions were perceived as less useful (mean score 3.53). The Kendall’s W coefficient for CIS
rankings was 0.411 (p < 0.001), indicating strong consensus among farmers. Despite these services’ availability, qualitative
data suggested that their technical language and lack of location-specific details limited practical application. The study
recommends enhancing CIS through participatory approaches and improved dissemination strategies to better tailor services
to farmers’ needs, ultimately fostering more resilient agricultural practices in the face of climate variability.
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1. Background Information

The Intergovernmental Panel on Climate Change (IPCC)
predicted a notable increase in climate-related hazards
globally, which necessitated enhanced decision-making
processes for on-farm activities (IPCC, 2020). Sub-Saharan
Africa (SSA) had been particularly vulnerable to the effects
of climate variability, with farmers in the region
demonstrating limited adaptive capacity (Ogada et al., 2021).
Climate  fluctuations and a rise in  severe
hydrometeorological ~ events  increasingly  disrupted
agricultural production, exacerbating food insecurity across
the region (Zeleke et al., 2023). Despite farmers’ persistent
efforts to secure yields, crop production declined steadily.
For instance, research by Wollburg et al. (2024) indicated
that crop production in SSA decreased by an average of
3.5% over the previous 12 years. This reduction fell
significantly short of the Comprehensive Africa Agricultural

Development Program’s (CAADP) target of achieving 6%
annual growth in African agriculture (Muroyiwa, 2022).
Climate-related hazards were identified as the primary
contributors to these crop failures (Zougmoré et al., 2018;
Bedeke, 2023; Affoh et al., 2022; MacCarthy et al., 2021).
The vulnerability of agricultural systems in SSA was largely
attributed to the fragility of ecosystems and soil degradation
(Tofu & Wolka, 2023; Affoh et al., 2022; Diop et al., 2022).

In rural SSA, communities were particularly susceptible to
climate hazards due to their limited capacity to implement
effective risk reduction and climate adaptation strategies
(Okolie et al., 2023; Omotoso et al., 2023; Affoh et al.,
2022). This situation was exacerbated by insufficient
resources allocated by national governments for climate
adaptation policies. Consequently, proactive measures were
required to enhance adaptation strategies and mitigate the
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effects of climate variability on agriculture (Kombat et al.,
2021). Various developing countries initiated efforts to boost
agricultural production and enhance food security,
particularly in semi-arid areas (Haggar et al., 2021; Jayne et
al., 2021; Kavhiza et al., 2022; Blockeel et al., 2023).

Like other SSA nations, Tanzanian farmers faced significant
challenges due to climate variability. Crop productivity in
Tanzania was influenced by multiple factors, with 20% to
80% of annual yield fluctuations attributed to extreme
weather events. Climate-related hazards accounted for 5% to
10% of the country’s total agricultural production (FAO,
2019). Reports indicated a 4% to 5% annual decline in crop
yields, far below the national target of 6% to 10% growth
(FAO, 2019). Farmers in semi-arid areas, in particular, faced
difficult decisions in managing the complex impacts of a
rapidly changing climate (Jobbins et al., 2016; Mutayoba &
Kusiluka, 2018; Mutunga et al., 2017). The implementation
of Climate Information Services (CIS) was widely
recommended in the literature as an essential tool to improve
farmers’ decision-making and mitigate the adverse effects of
climate variability (Ouédraogo et al., 2018; Tall et al., 2018;
Popoola et al., 2020; Findlater et al., 2021; Antwi-Agyei et
al., 2021; Van der Horst et al., 2022). According to the
World Meteorological Organization (WMO, 2019), CIS
provided farmers with relevant data to help them make
informed decisions about their farming practices. Sharafi et
al. (2021) and Kumar et al. (2021) argued that providing
farmers with accurate climate information reduced
uncertainty and enhanced decision-making, thereby
decreasing vulnerability.

In Tanzania, the Tanzania Meteorological Authority (TMA)
served as the principal government body responsible for
developing and disseminating CIS, although other actors,
including development partners, were also involved (Kijazi
et al.,, 2021). Despite the crucial role of CIS in fostering
informed decision-making in the face of climate variability,
Tanzanian farmers faced numerous barriers in accessing
these services. The low adoption of CIS was attributed to
various factors, including mismatches between farmers’
information needs, lack of relevance, untimeliness, and
limited use of CIS in decision-making (Heinrich et al., 2024;
Gemeda et al., 2023; Partey et al., 2020). According to
Nyadzi et al. (2022), these challenges primarily arose from a
lack of involvement and collaboration in the co-production
of information, which is essential for modern information
systems. To address these uncertainties, the TMA
implemented significant initiatives between 2013 and 2019
through the Global Framework for Climate Services
Adaptation Programme in Africa (GFCS-APA), focusing on
the production and dissemination of CIS. These efforts
aimed to support government initiatives to enhance CIS
utilization, particularly in semi-arid regions. Data indicated
that GFCS-APA successfully strengthened institutional
capacity and human resource capabilities, enabling many

farmers to request and manage agricultural weather and
agrometeorological services effectively (Kijazi et al., 2021).
By the end of 2018, over 4,500 farmer households reportedly
benefited from the program’s services (West et al., 2018).
The GFCS-APA approach emphasized empowering farmers
to acquire knowledge and make informed decisions, shifting
from a supply-driven to a demand-driven model of service
delivery.

Despite the increased availability of CIS in Tanzania, it
remained unclear how farmers perceived its impact on their
capacity to mitigate climate-related risks. Although CIS
played a crucial role in providing essential information about
upcoming seasons, limited research explored its
effectiveness. Studies suggested that farmers often used CIS
only when it was readily accessible and easy to interpret
(Nyoni et al., 2024; Warner et al., 2022; Chiputwa et al.,
2020; Guido et al., 2020; Muema, 2018). For example,
Vaughan et al. (2019) found that Malian farmers’ use of CIS
was influenced by their roles, responsibilities, and social
identities, including factors like seniority and gender. In
Malawi, both men and women reported having access to CIS
but chose not to use it, relying instead on personal
experience and indigenous knowledge, which they
considered more reliable and contextually relevant (Amoak
et al., 2023). Therefore, this study aimed to explore farmers’
perceptions of CIS effectiveness in the Kondoa and Kiteto
districts in predicting hazards and informing farm decisions.
This research contributed to the relatively underexplored
field of comparative studies on pluralistic CIS approaches.

2.0 Methodology

The study was conducted in two districts of Tanzania:
Kondoa, located in Dodoma Region, and Kiteto, situated in
the Manyara Region. These districts were selected because
the majority of their farming communities had participated in
the multi-agency Global Framework for Climate Services—
African Programme for Agriculture (GFCS-APA). This
initiative aimed to enhance the adoption of Climate
Information Services (CIS) for informed farming decisions,
recognizing that agriculture is the predominant livelihood for
most individuals in these areas. Both districts are
characterized as semi-arid regions, experiencing a short rainy
season that begins with low intensity in December, peaks in
January and February, and diminishes by March and April,
followed by an extended dry period from April to December.
The primary economic activities in these regions revolve
around agropastoral practices (Hamisi, 2019).

The study population comprised farmers exposed to the
GFCS-APA initiative in Bukulu village (Kondoa) and
Emarty village (Kiteto). A multistage sampling technique
was employed to select respondents from the farmer
households in these villages. Specifically, simple random
sampling was utilized to choose 360 farmers from the two
strata: Bukulu and Emarty villages. This approach ensured a
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comprehensive understanding of their perceptions regarding
the effectiveness of CIS.

Data collection methods included focus group discussions
(FGDs), key informant interviews (KllIs), and a household
survey using self-administered structured questionnaires.
Data obtained from FGDs and Klls were recorded using both
physical notebooks and digital audio recording devices,
which facilitated accurate capture of participants' insights.
The audio recordings were subsequently transcribed into
English and systematically organized for analysis, ensuring
that the qualitative data retained its original context
(Creswell, 2014).

Quantitative data analysis involved descriptive statistics, the
Chi-squared test, and Kendall’s coefficient of concordance to
assess the effectiveness of various CIS and their perceived
impact on farmers' decision-making in both districts. The test
statistics were calculated using a chi-square distribution,
under the assumption that the data were independent and
normally distributed, a condition often valid due to the
Central Limit Theorem (Ghasemi & Zahediasl, 2012). A
two-tailed test was employed to assess the independence of
the data. The chi-square test ascertained the statistical
significance of discrepancies between anticipated and
observed frequencies across different categories (Field,
2018).

Kendall’s W, a non-parametric statistical measure, was used
to quantify the level of agreement among respondents
regarding the effectiveness of CIS (Corder & Foreman,
2009; Kendall & Babington, 1939). The W statistic ranges
from O, indicating no agreement, to 1, indicating complete
agreement among survey participants. Intermediate values of
W reflect varying levels of consensus among respondents,
which provided insight into the perceived effectiveness of
the CIS across different ranks. Unlike the traditional Pearson
correlation coefficient, Kendall’s W does not require
assumptions about the underlying probability distribution
and can accommodate various ranking scenarios.

The mean Spearman’s rank correlation coefficients were
analyzed to determine linear connections among pairs of
rankings provided by farmers. The null hypothesis posited
that there was no correlation between the ranks assigned by
the farmers. This analysis emphasized positive relationships
among the rankings (Legendre, 2005). The methodology for
conducting significance tests using the W statistic, along
with an adapted version that accounted for ties in rankings,
was discussed by Legendre. Marozzi (2014) extended
Legendre’s work by incorporating copula elements into the
F-test, showing that the F-test is more precise and less
conservative compared to both the Friedman test and the
concordance permutation test.

Qualitative data from FGDs and Klls were synthesized into
concise summaries and direct quotations to reinforce
quantitative findings. Initially, a primary document family
was constructed, categorizing interviewees into groups such
as extension officers and local farmers. Each sentence was
assigned a code, with multiple codes merged to identify
themes or patterns. This thematic analysis enabled an
evaluation of the efficacy of each category in addressing the
study's objectives, leading to refinement and selection of key
themes (Braun & Clarke, 2006).

3.0 Results and Discussion

This study investigated farmers’ perceptions of the
effectiveness of Climate Information Services (CIS) in
predicting hazard occurrences in Kondoa and Kiteto
Districts, Tanzania. The analysis utilized Kendall’s W-test to
evaluate how farmers ranked the CIS and their frequency of
use. The findings revealed significant insights into the
common climate-related hazards faced by farmers, the
distribution of CIS, and the perceived effectiveness of these
services.

3.1 Common Climate-Related Hazards

The analysis identified distinct trends in climate-related
hazards in Bukulu and Emarty Villages. Table 1 presents the
findings, which highlight the prevalence of drought and
erratic rainfall as the most significant hazards. Specifically,
88.91% of farmers in Emarty reported severe drought
conditions, while Bukulu faced greater challenges with
irregular rainfall, impacting 75.21% of households. Both
villages reported comparable issues with pest and disease
outbreaks  (approximately  41-43%). Flooding was
particularly pronounced in Bukulu (86.35%) compared to
Emarty (56.03%). Temperature extremes, though infrequent,
were slightly more common in Emarty (9.30%) than in
Bukulu (5.01%). These disparities underscore the necessity
for tailored climate information services to effectively
mitigate the diverse impacts of these hazards on agricultural
productivity.

Table 1: Common Climate-Related Hazards

Climate Related o 0
Hazards Bukulu (%) Emarty (%)
Drought 51.20 88.91
Erratic Rainfall 75.21 37.72
Pest and Disease

Outbreaks 41.01 43.06
Flooding 86.35 56.03
Temperature 501 930
Extreme

The qualitative data further revealed that climate-related
hazards significantly impacted farmers' on-farm management
decisions. A farmer from Emarty articulated this need,
stating, “We need rainfall amount data to inform us about
the conditions in at least one of our regions,” during a Focus
Group Discussion (FGD) in August 2023. Additionally, a
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that the government could enhance support for farmers: “I
concur that there has been an increased extreme weather
beyond farmers’ ability to predict them using indigenous
knowledge. However, employing intermediaries,
implementing participatory approaches, and providing
training could significantly enhance farmers’ awareness
about these climate-related hazards,” stated the Senior
Agricultural Extension Officer during an interview in August
2023.

3.2 Climate Information Services Distributed
for Use in Predicting Climate-Related Hazards
This study categorized climate information services into
three primary groups: agrometeorological advice, seasonal
weather forecasts, and the probability of extreme events. The
results, as shown in Table 2, indicate a consensus among
farmers regarding the ranking of these services. The
calculated Kendall’s W coefficient of 0.411, with a chi-
square value of 1376.511, demonstrated statistical
significance (p < 0.001), indicating a robust agreement on
the preference for seasonal weather information services,
which received the highest average rank of 2.62.

Table 2: Results of Kendall’s W-Test of Main Climate
Information Services Used
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enhancing their resilience to climate change and improving
their overall productivity.

Table 3: Perceived Effectiveness of the Climate
Information Services (CIS)

Climate Information Mean .

Services Rank Std. Dev. Min | Max
Seasonal Weather

Information 2.62 2112 1 3
Agronomic Advice 291 2422 1 3
Occurrence of Extreme 3.90 1781 1 3
Events

Kendall’s W 0.411***

Chi-square 1376.511

These findings emphasize the significance of seasonal
weather information in enhancing farmers' decision-making
processes regarding climate-related hazards.

3.3 Effectiveness of Climate Information
Services

The study further assessed the perceived effectiveness of
different Climate Information Services (CIS) in enabling
farmers to predict and mitigate climate-related hazards.
Utilizing a Likert scale ranging from 1 (least effective) to 5
(most effective), the results presented in Table 3 indicate that
all CIS scored above 50%, reflecting their considerable
influence on farmers’ planning and management decisions.

Among the various CIS evaluated, the agronomic advisory
service emerged as the most impactful, boasting a mean
value of 4.72. This high rating suggests that farmers find this
service particularly beneficial for their agricultural practices.
The agronomic advisory service likely encompasses a range
of information, including tailored agronomic
recommendations based on current climate data, insights into
optimal planting and harvesting times, and guidance on crop
selection that is resilient to climate fluctuations. This service

Climate Information Service Mean SDt:v' Ranking
Agro_meteorologlcal Advisory 472 0872 | 1st
Service

Seasonal Weather Information

Service 4.36 1.169 | 2nd
Occurrence of Extreme Weather

Events 3.53 1.343 | 3rd
Kendall’s W 0.111%**
Chi-square 1267.311

The evidence revealed that farmers  perceive
agrometeorological and seasonal weather information

services as vital, underscoring their roles in enabling farmers
to navigate climate variability. Nonetheless, the study
highlighted a critical need for improving the dissemination
and effectiveness of information related to severe weather
phenomena to better meet farmers’ decision-making needs.
Such improvements could significantly bolster farmers'
resilience and adaptation strategies.

3.4 Synthesis of Results and Implications

This study reinforces the existing literature regarding the
predominant challenges of drought and erratic rainfall faced
by farmers in the Bukulu and Emarty regions. The findings
align with Mafie’s (2022) observations that highlight the
detrimental impact of these climatic hazards on agricultural
productivity and rural livelihoods. Droughts and inconsistent
rainfall patterns not only diminish crop yields but also
threaten food security and the overall economic stability of
farming communities. However, the results of this study
raise significant questions regarding the adequacy of current
support mechanisms designed to assist farmers in adapting to
these persistent challenges. The systemic failure to equip
farmers with the necessary tools for resilience—despite the
increasing global emphasis on climate adaptation
strategies—remains a pressing concern.

Moreover, the study revealed that many farmers often
continue their agricultural activities even in the face of crop
failures, driven largely by the pressing need to meet familial
and community demands. This phenomenon reflects
Mabon’s (2020) assertion that climate change exacerbates
existing vulnerabilities among farming households, where
the concept of a “competitive edge” may indeed represent a
form of forced adaptation rather than a genuine advantage. In
many cases, farmers are compelled to pursue agricultural
practices that do not align with sustainable principles, raising
critical questions about their agency and decision-making
processes in response to climatic challenges. This
contradiction necessitates a deeper exploration of how
farmers navigate the complexities of their circumstances and
adapt to changing environmental conditions.
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importance of Climate Information Services (CIS) in
mitigating uncertainties related to climate variability.
However, our findings revealed that the effectiveness of
these services varied significantly across different climate
hazards, underscoring the need to question their
appropriateness and relevance within local contexts. Such
variability emphasizes the necessity for more localized,
context-specific approaches to CIS delivery, moving away
from a uniform model that may fail to address the unique
needs of different farming communities. The delivery of CIS
should be tailored to the specific climatic and socio-
economic realities of each region to ensure that farmers
receive actionable and relevant information.

The study further noted improvements in the availability of
CIS through initiatives such as the Global Framework for
Climate Services — African Programme for Action (GFCS-
APA). This initiative aims to facilitate participatory
approaches between service providers and farmers,
promoting collaboration in the development of climate
information. However, it is imperative to critically assess the
true participatory nature of these initiatives and their
effectiveness in genuinely incorporating farmers’ knowledge
and preferences into the design and dissemination of climate
information. Belay et al. (2017) highlighted the necessity for
detailed and timely information, such as precise data on the
timing and duration of rainy seasons, to support effective
agricultural planning. Yet, the dissatisfaction expressed by
farmers regarding the technical language wused in
disseminating this information points to significant gaps in
the co-production of knowledge. This suggests that
enhancing the practical accessibility and actionability of
climate information must be a priority in efforts to empower
farmers.

Additionally, the study underscored the critical role of
agricultural extension services in translating technical
climate information into practical guidance for farmers. The
disparity between the demand for these services and the
supply of qualified personnel poses significant constraints on
the effectiveness of CIS, particularly in rural areas. This
finding corroborates the conclusions of Tumbo et al. (2018),
who emphasized the challenges faced by agricultural
extension systems in reaching farmers with relevant
information. Addressing the low literacy levels among
farmers is essential for improving the communication of
technical information. This necessitates innovative strategies
that leverage local knowledge systems and simplify the
delivery of information to ensure that it is comprehensible
and usable by all farmers, regardless of their educational
background.

In general, the results of this study underscore the
importance of tailoring climate information services to meet
the specific needs of farmers while simultaneously
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implementation. The insights gained from this research
provide valuable guidance for enhancing the delivery of CIS
and improving the resilience of farmers in the face of climate
variability. Therefore, by fostering a more inclusive and
adaptive approach to climate information, stakeholders can
better support farmers in navigating the complexities of
climate change, ultimately contributing to more sustainable
agricultural practices and improved livelihoods for rural
communities.

4.0 Conclusions and Recommendations

This study has critically assessed farmers’ perceptions of the
effectiveness of Climate Information Services (CIS) in
predicting climate-related hazards in the Kondoa and Kiteto
Districts of Tanzania. The findings reveal that farmers face
significant climate-related challenges, primarily drought and
erratic rainfall, which substantially impact their agricultural
productivity. The effective use of CIS is crucial for enabling
farmers to adapt to these hazards, yet the perceived
effectiveness of these services varies depending on the type
of information provided. Notably, agronomic advisory
services emerged as the most effective in aiding farmers'
decision-making, highlighting the importance of localized
and actionable climate information.

The analysis indicates a strong need for enhancing the
accessibility and relevance of CIS to better align with the
unique challenges faced by farmers in different contexts.
Although initiatives to improve CIS availability exist, there
remains a gap in addressing the needs of farmers, particularly
regarding their understanding and utilization of climate
information. Therefore, the success of CIS in aiding farmers'
resilience hinges on continuous evaluation and adaptation of
service delivery methods that incorporate farmers’
knowledge and practices.

Based on the study findings, several key recommendations
are proposed to enhance the effectiveness of Climate
Information Services (CIS) for farmers in the Kondoa and
Kiteto Districts. First, it is essential to develop and
disseminate CIS that are specifically tailored to the unique
climatic challenges of each village. This approach should
include detailed local forecasts and agronomic advice that
take into account seasonal variations and historical weather
patterns, ensuring that the information is relevant and
applicable to local conditions.

In addition to tailoring services, enhancing communication
strategies is critical. Simplifying the technical language used
in disseminating CIS will ensure that information is easily
understandable and actionable for all farmers, regardless of
their literacy levels. Employing visual aids and local dialects
can further improve comprehension and facilitate better
engagement with the information provided.
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necessary to bridge the gap between technical climate data
and practical farming advice. Investing in training and
expanding the number of extension officers deployed in rural
areas will facilitate direct communication and support for
farmers, allowing them to make informed decisions based on
reliable climate information.

Moreover, implementing participatory frameworks that
actively involve farmers in the co-production of climate
information is vital. Such frameworks can enhance the
relevance of CIS by empowering farmers to contribute their
local knowledge and experiences, leading to more
contextually appropriate solutions.

Regular capacity-building and training programs for farmers
on climate risk management and the effective use of CIS
should be established. These programs will enhance farmers’
understanding and capability to utilize the information
provided effectively, ultimately improving their resilience to
climate-related hazards.

Additionally, establishing a strong monitoring and evaluation
framework is essential to continuously assess the
effectiveness of CIS. This framework should include
feedback mechanisms that allow farmers to voice their
concerns and suggest improvements, ensuring that services
remain responsive to their needs.

Lastly, further research into the socio-economic barriers that
hinder farmers from fully utilizing CIS is encouraged.
Understanding these barriers is crucial for creating more
effective and inclusive climate information strategies that
can truly support farmers in navigating the challenges posed
by climate variability and change.
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