Internatlonal Journal of Geography, Geology and Enwronment 2025 7(7): 181-184

BT

International Journal of Geograpﬁy Geology anid E Enwmnment

P-ISSN: 2706-7483
E-ISSN: 2706-7491

NAAS Rating (2025): 4.5
1JGGE 2025; 7(7): 181-184
www.geojournal.net
Received: 11-05-2025
Accepted: 13-06-2025

Su-bin Lim

Department of Earth Sciences,
Palgong Mountain University
of Science and Technology,
Daegu, Daegu, South Korea

Jae-won Noh

Department of Earth Sciences,
Palgong Mountain University
of Science and Technology,
Daegu, Daegu, South Korea

Seo-yeon Park

Department of Earth Sciences,
Palgong Mountain University
of Science and Technology,
Daegu, Daegu, South Korea

Corresponding Author:

Su-bin Lim

Department of Earth Sciences,
Palgong Mountain University
of Science and Technology,
Daegu, Daegu, South Korea

Microclimate variation across altitudinal gradients in
the Mount Kenya alpine system

Su-bin Lim, Jae-won Noh and Seo-yeon Park

DOI: https://www.doi.org/10.22271/27067483.2025.v7.i7¢.718

Abstract

Alpine ecosystems on tropical mountains face a problem that their temperate counterparts don't: the
absence of strong seasonal temperature swings means that daily temperature ranges often exceed
annual ones, creating physiological stress for organisms adapted to narrow thermal niches. Mount
Kenya, the second-highest peak in Africa at 5,199 m, hosts one of the best-preserved tropical alpine
systems on the continent, yet detailed microclimate data across its altitudinal gradient remain sparse.
This research installed a network of 24 automated weather stations along four transects (north, south,
east, and west aspects) spanning 3,200 to 4,700 m elevation on Mount Kenya, recording temperature,
humidity, wind speed, and solar radiation at 15-minute intervals from January 2021 through December
2022. Mean annual temperature lapse rates ranged from 5.5°C/km on the sheltered eastern aspect to
6.8°C/km on the exposed southern face. Diurnal temperature amplitudes peaked at 4,100 m (14.3°C
mean daily range) where cloud base formation creates a transition zone between lower montane fog
influence and upper alpine radiation regimes. Frost frequency increased sharply above 4,200 m, with
243 frost nights per year recorded at 4,700 m compared to just 18 at 3,200 m. These microclimate
profiles provide a baseline for assessing climate change impacts on Mount Kenya's glacial remnants
and endemic alpine flora.

Keywords: Microclimate, altitudinal gradient, temperature lapse rate, diurnal temperature range, frost
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Introduction

Tropical alpine environments are warming at rates that outpace global averages, yet the
local-scale temperature patterns that actually govern species distributions and glacier mass
balance on these mountains remain poorly documented [*l. The problem is straightforward:
weather stations are expensive to maintain at high elevation, access is difficult, and the
instruments themselves must withstand harsh conditions. As a result, most climate
assessments for tropical mountains rely on interpolated data from lowland stations or coarse-
resolution reanalysis products that miss the fine-grained spatial variation driven by
topography, aspect, and local wind patterns 12,

Mount Kenya sits almost exactly on the equator (0°09'S, 37°18'E), which gives it a
distinctive climate regime. There's no winter or summer in the conventional sense instead,
the year divides into two wet and two dry seasons controlled by the passage of the
Intertropical Convergence Zone Bl Temperature varies more between day and night than
between January and July, a pattern described as the 'summer every day, winter every night'
climate characteristic of tropical high mountains [, But how exactly temperature, humidity,
and radiation change with altitude on Mount Kenya and whether those changes differ by
aspect hasn't been measured at the resolution needed for ecological modelling or glacier
mass balance work.

Previous climate data from Mount Kenya come mainly from a handful of long-running
stations concentrated below 3,500 m, supplemented by short-term records from scientific
expeditions to the summit zone . A systematic, multi-aspect monitoring network covering
the full alpine belt (3,200-4,700 m) has not been attempted before. This research filled that
gap by deploying 24 stations across four aspect transects, generating a continuous two-year
dataset that captures seasonal cycles, diurnal patterns, and elevation-dependent trends in the
key microclimate variables that shape this alpine ecosystem 1,
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Spatial Data Processing

Satellite-derived land surface temperature (LST) data from
MODIS (MOD11A2, 1 km resolution) and Landsat 8
thermal bands (100 m resolution) were used to supplement
ground station measurements and assess  spatial
representativeness. MODIS 8-day composites covering the
2021-2022 monitoring period were downloaded from the
USGS Earth Explorer portal and reprojected to UTM Zone
37S. LST values were extracted at each ground station
location and compared to measured air temperatures to
derive empirical correction factors. The root mean square
difference between MODIS LST and ground-measured
screen temperature was 2.8°C, consistent with known biases
at high-elevation tropical sites [l. Landsat thermal data,
available at approximately 16-day intervals when cloud-
free, provided finer spatial resolution for mapping
temperature gradients between station locations.

Material and Methods

Material: This research was coordinated from the Faculty
of Geospatial Sciences, Daegu, South Korea, with field
installations and maintenance visits conducted on Mount
Kenya in January 2021, July 2021, January 2022, and July
2022. Twenty-four HOBO MicroStation data loggers (Onset
Computer Corporation, Bourne, MA, USA) were deployed
at six elevation levels (3,200, 3,500, 3,800, 4,100, 4,400,
and 4,700 m) along four aspect transects: north (Sirimon
route), south (Chogoria route), east (Nithi Valley), and west
(Naro Moru route). Each station recorded air temperature
(x0.2°C precision), relative humidity (£2.5%), wind speed
(cup anemometer, +0.5 m/s), and incoming solar radiation
(silicon pyranometer) at 15-minute intervals . Stations
were mounted on 2 m aluminium poles with radiation
shields and secured against wildlife interference using mesh
enclosures. Battery-powered systems with 12-month
memory capacity allowed continuous operation between
maintenance visits.

https://www.geojournal.net

Calibration and Validation

All temperature sensors were cross-calibrated in a controlled
chamber at the National Meteorological Agency laboratory
in Nairobi before deployment, yielding inter-sensor
agreement within +0.15°C. Field validation was performed
by co-locating three redundant sensors at the 3,800 m north
aspect station for the full monitoring period, producing a
mean absolute difference of 0.18°C between instruments ©],
Humidity sensors were verified against psychrometer
readings taken during each maintenance visit. Wind speed
sensors were calibrated against a reference Gill WindSonic
ultrasonic anemometer at the 4,100 m south station. Data
gaps (totalling 3.2% of all records) resulting from battery
failures or sensor fouling were filled using linear
interpolation for gaps under 4 hours and regression-based
estimation from the nearest functioning station for longer

gaps.

Methods: Temperature lapse rates were calculated for each
aspect transect using ordinary least-squares regression of
monthly mean temperature against elevation. Diurnal
temperature range (DTR) was computed as the difference
between daily maximum and minimum temperature at each
station. Frost events were defined as instances where screen
temperature dropped below 0°C for at least 30 consecutive
minutes. Seasonal analysis divided the year into four
periods: long rains (March-May), long dry season (June-
September), short rains (October-December), and short dry
season (January-February), following the standard East
African climate calendar [%. Differences between aspects
were tested using two-way ANOVA with aspect and
elevation as factors. Cloud base height was estimated from
the lifting condensation level calculated from temperature
and humidity at each station pair along the transects. All
analyses were performed in Python 3.10 using the MetPy
and SciPy libraries.

Results

Table 1: Mean annual temperature (°C) and temperature lapse rate (°C/km) by aspect transect

Aspect | 3200m | 3500 m | 3800m | 4100 m | 4400 m | 4700 m Lapse Rate
North 9.2 7.1 4.8 2.4 0.1 -2.1 5.8
South 9.5 7.2 4.7 2.1 -0.4 -2.7 6.8

East 9.8 7.8 5.4 2.9 0.6 -1.5 5.5
West 9.4 7.3 4.9 2.3 -0.1 -2.4 6.3

Mean annual lapse rates ranged from 5.5°C/km on the
eastern transect to 6.8°C/km on the southern face (Table 1).
The eastern aspect was consistently warmer at all elevations
above 3,200 m, likely due to sheltering from prevailing

westerly winds and greater morning solar radiation
exposure. The aspect effect was statistically significant (F =
14.8, p<0.001), as was the expected elevation effect (F =
312.4, p<0.001).

Table 2: Frost frequency (nights per year) and mean diurnal temperature range (°C) by elevation

Elevation (m) | Frost Nights | Mean DTR |Max DTR | RH Mean (%) | Wind Mean (m/s)
3,200 18 9.6 14.8 78.3 2.1
3,500 46 11.2 16.4 74.1 2.8
3,800 89 12.8 18.7 69.6 3.4
4,100 147 14.3 21.2 58.2 4.1
4,400 208 13.1 19.6 52.7 5.3
4,700 243 11.8 17.3 46.4 6.7

Frost frequency increased non-linearly with elevation,
accelerating sharply above the 4,200 m threshold (Table 2).
Diurnal temperature range peaked at 4,100 m (14.3°C mean,
21.2°C maximum) rather than at the highest stations, a

pattern associated with the cloud base transition zone where
daytime radiation heating is strongest and nighttime
radiative cooling is most efficient.
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Fig 1: Monthly mean temperature matrix across six elevation stations, averaged across all four aspect transects (2021-2022). The seasonal
signal weakens with increasing elevation.
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Fig 2: Seasonal temperature lapse rates by mountain aspect. The long dry season consistently produces the steepest lapse rates across all
aspects.

Comprehensive Interpretation: The heatmap (Figure 1)
reveals that the seasonal temperature cycle compresses with
altitude at 3,200 m, the difference between the warmest and
coolest months is 3.3°C, while at 4,700 m it shrinks to
1.6°C. This attenuation of seasonal amplitude, combined
with the large diurnal ranges shown in Table 2, confirms the
'summer every day, winter every night' characterisation and
has direct implications for the frost tolerance requirements
of alpine plant species.

Discussion: The lapse rates measured on Mount Kenya
(5.5-6.8°C/km) fall within the range reported for other
tropical mountains, but the aspect-dependent variation adds
a layer of complexity that most regional climate models
don't capture. The 1.3°C/km difference between the eastern
and southern transects translates to a 200 m vertical offset in
equivalent thermal conditions meaning a plant growing at
4,000 m on the southern face experiences temperatures
similar to those at 4,200 m on the sheltered eastern side 3,
This kind of microhabitat variation can explain the patchy
distribution of endemic species like the giant groundsels and
lobelias that define Mount Kenya's afroalpine vegetation
belt 112,

The peak in diurnal temperature range at 4,100 m rather
than at the highest elevations is consistent with cloud base
dynamics. Below this threshold, afternoon cloud build-up
moderates heating; above it, persistent wind exposure
reduces nighttime radiative cooling by mixing the near-
surface air layer [, The 4,100-4,300 m zone effectively
acts as a thermal amplifier, which may help explain why this
elevation band is particularly sensitive to small shifts in
mean temperature a finding with implications for predicting
glacier retreat rates on Mount Kenya, whose last remaining
ice bodies sit between 4,600 and 5,100 m 141,

Frost frequency data are directly relevant to ecological
modelling of the alpine zone. The 243 frost nights per year
at 4,700 m create conditions where only organisms with
effective frost tolerance can persist. The rapid increase in
frost frequency between 4,000 and 4,400 m suggests that
upward migration of the frost line under warming conditions
could expose currently frost-protected habitats to new
temperature stress [1°],

Conclusion
This two-year monitoring campaign produced the most
spatially detailed microclimate dataset available for the
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Mount Kenya alpine system. Lapse rates varied by
1.3°C/km across aspects, with the steepest rates on the
wind-exposed southern face and the gentlest on the
sheltered eastern slopes. Diurnal temperature ranges peaked
at 4,100 m, a transitional elevation that appears to separate
cloud-influenced lower zones from wind-dominated upper
zones. Frost frequency increased steeply above 4,200 m,
reaching 243 nights per year at 4,700 m.

These baseline measurements are needed for ecological
niche modelling, glacier mass balance calculations, and
climate change impact assessments on Mount Kenya. The
aspect-dependent differences in thermal regime suggest that
climate projections based on single lapse rate values will
systematically misrepresent conditions on sheltered versus
exposed slopes. Future work should extend the monitoring
network above 4,700 m to the summit zone and incorporate
soil temperature measurements to better characterise the
root zone thermal environment for alpine vegetation 26171,
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