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Abstract

The amount of rainfall and its distribution in time and space is dependent on the atmospheric
instability conditions, and on its moisture content. The aim of this study was to determine the
atmospheric instability conditions during January to March (JFM), February to April (FMA),
March to May (MAM), and October to December (OND) rainy seasons over local climate
zones in Tanzania. Zone area average seasonal Convective Available Potential Energy (CAPE),
Convective Inhibition (CIN), Precipitable Water (PW) and Lifted index (Li) were calculated
and analyzed. Results showed Li < 0 in JFM and FMA over whole Tanzania. During MAM and
OND, Li < 0 over the Lake Zone, Western Highlands Zone and Central Zone only. CAPE
ranged from 793 J/kg to 1183 J/kg during JFM, and 700 J/kg to 1080 J/kg during FMA. During
MAM, CAPE ranged from 170 J/kg to 921 J/kg and from 173 J/kg to 833 J/kg during OND.
Results also showed CAPE > 1000 J/kg over the Lake Zone, Western Highlands Zone, Island
Zone, and Central Zone. These results show that the atmosphere was moderately unstable
during the JFM and FMA and was weakly unstable during the MAM and OND. Therefore, the
atmosphere is likely to be more convective during JFM and FMA seasons.

Keywords: Lifted index, Convective inhibition, Precipitable water, Convective available
potential energy, Atmospheric instability.

Introduction

Local rainfall cycles and trends are
dependent on three moisture sources: The
moisture present in the atmosphere, the
moisture transported into the region by winds,
and recycling. The first source has little
contribution, and therefore, the major sources
are the last two which are related to baroclinic
and atmospheric convective instability,
respectively (Nieto et al. 2010). Atmospheric
instability condition during the rainy seasons

is important as it determines the intensity of
rainfall. Understanding the status of the
atmosphere helps to determine the nature of
rain that is going to fall. In the tropical
regions, one of the factors that influence the
occurrence and intensity of rainfall is
atmospheric  convection and circulation
(Davies et al. 2013, Lepore et al. 2014).
Atmospheric instability is related to
Convective Available Potential Energy
(CAPE), Convective Inhibition (CIN) and

1647

http://tjs.udsm.ac.tz/index.php/tjs

www.ajol.info/index.php/tjs/


https://dx.doi.org/10.4314/tjs.v47i5.14

Mwinuka et al. - Atmospheric Instability Conditions during Rainy Seasons over Tanzania

Precipitable Water (PW) (Myoung and
Nielsen-Gammon 2010). CAPE describes the
amount of energy for convection; it is the
maximum Kinetic energy per unit mass that
would be attained by an ideal and undiluted
ascending air parcel (Myoung and Nielsen-
Gammon 2010). CAPE is given by the
vertical integral of the buoyancy of the parcel
integrated from the level of free convection
(LFC) to the level of zero buoyancy (N)
(Holley et al. 2014). It is applied in the
forecasting of severe weather and rainfall
(Lepore et al. 2014). CIN is the measure of
how much energy is hindering the occurrence
of convection (Rasmussen et al. 2020). In
other words, CIN is a measure of the amount
of energy that is sufficiently enough for
initializing convection; large values of CIN
prevent convection from initializing (Keil et
al. 2014). The significance of CIN in
modifying convective rainfall lies in the fact
that a rising air parcel will not reach the LFC
unless it overcomes any CIN preventing it.
The magnitude of CIN is the amount of
energy that should be given to the rising air
parcel for it to reach the level of free
convection (LFC) (Yin et al. 2015), more
negative CIN represents more energy that
must be overcome by a rising air parcel.
Convection will not occur even if there exists
a large CAPE in the presence of large values
of CIN. PW is defined as the total vertical
column of the atmospheric water vapour from
the surface to the top of atmosphere (Liu et al.
2019). The top of atmosphere here means the
pressure level beyond which atmospheric
moisture is negligible (Zhao et al. 2020). PW
is important for atmospheric stability as it is
involved in convective processes and in
moisture transport resulting from unequal
heating of the atmosphere by latent heat
energy released during phase transitions (Liu
et al. 2019).

Another common measure of the
atmospheric convective instability in the
tropics is the Lifted Index (Li) (DeRubertis
2006). Li is defined as the temperature
difference between the environment and an
adiabatically lifted air parcel at 500 hPa. The
air parcel is lifted dry adiabatically from the
surface to the Lifting Condensation Level

(LCL) and then it is lifted further to the 500
hPa level by following the moist adiabat.
Values of the Li less than zero indicate
unstable atmosphere and values greater than
zero indicate stable atmosphere. It is a

measure of atmospheric instability; more
negative values mean more unstable
atmosphere (DeRubertis 2006).

Changes in the parameters defining

baroclinic and convective instabilities affect
rainfall ~ distribution by  altering its
predictability. Amount of rainfall that is going
to fall depends on the atmospheric
instabilities (Trenberth et al. 2003). Also,
rainfall is proportional to the condensation
and to the atmospheric convective systems
(Sui et al. 2007). This research paper was
motivated by a study by Mwinuka et al.
(2021) on the seasonal rainfall predictability,
whose  results showed that rainfall
predictability has a west-east gradient and that
rainfall in January to March (JFM) and
February to April (FMA) is more reliable than
in March to May (MAM) and October to
December (OND), as it was found to have
high predictability due to constancy in the
rate of variability. The western part showed
higher predictability due to constancy in the
rate of variability, while the eastern part
showed higher predictability due to
seasonality. MAM and OND were found to
have high predictability due to constancy in
the eastern part of Tanzania (Mwinuka et al.
2021).

One of the factors that influence the
occurrence and distribution of rainfall in the
tropics is the atmospheric instability condition
(Davies et al. 2013). In Nigeria, it has been
found that the seasonal variability patterns of
the atmospheric instability parameters and
rainfall are similar (Matthew et al. 2021).
Also, in the tropics, much of the urban heavy
rainfall events are enhanced by the organized
convection in the lower troposphere, and the
atmospheric thermodynamic indices
(atmospheric  instability indices) which
depend on temperature and/or dew point
temperature at specific geopotential height
levels are important in the determination of
such organized convections (Ajilesh et al.
2020). Therefore, determining the
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atmospheric instability conditions during the
rainy seasons in Tanzania is important for the
understanding of the seasonal rainfall
predictability as determined by Mwinuka et
al. (2021). Hence, the objective of the current
study was to determine the atmospheric
instability conditions during JFM, FMA,
MAM and OND rainfall seasons over
Tanzania which might have influenced the
observed rainfall predictability results as
presented in Mwinuka et al. (2021), by
analyzing the CAPE, CIN, PW and the lifted
index (Li) over the local climate zones of
Tanzania.

Materials and Methods

The study area is Tanzania, and data analysis
was performed in each of the climate zones
shown in Figure 1.

Geopotential (@), upper air temperature (T)
and upper air relative humidity (RH) data
from 1000 hPa to 200 hPa levels and 2-m

surface air temperature (T, ) zone area

average monthly data was obtained from the
ECMWEF Re-Analysis 5 (ERA5) (Hersbach et
al. 2020). The ® was used to calculate the
geopotential height (Z) by dividing @ by the
standard gravity (9.80665 m/s?). Then,
corresponding to each Z, the air pressure (P)
from 1000 hPa to 200 hPa pressure levels
were calculated by using the barometric
formula (Berberan-Santos et al. 1997) and
hypsometric equation (Trier et al. 2004). The
hypsometric equation gave air pressure close
to the given pressure level from 1000 hPa to
600 hPa, while the barometric formula gave
air pressure close to the given level for the
levels from 550 hPa to 200 hPa.
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Figure 1: Map of Tanzania showing the local climate zones (Mwinuka et al. 2021).

Then, P, T, RH and T, were used in

the calculation of convective instability
parameters (CAPE, CIN, PW and Li). In the
calculation of CAPE and CIN, the air parcel
was released from the surface, and calculation

proceeded up to 200 hPa level. CAPE and
CIN were calculated as in Holley et al.
(2014):

EL
CAPE = [ R,[T,-T,.[dInp

LFC

)
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and,
LFC
CIN= [ Ry[T,-T,|dInp @)
sfc
where in Equations (1) and (2), Ry is the dry
air gas constant, P is pressure, EL is the
equilibrium level, T, is parcel temperature,

and T, is the environmental virtual
temperature.
The PW was obtained by integrating

vertically from pressure P; to P, as in (Liu et
al. 2013):

PZ
PW :% (Ljdp (3)
g p\P-e

where in Equation (3), e is vapour pressure,
P, is the calculated surface pressure (Pa), P,
is the calculated air pressure (Pa) at 200 hPa
level, air pressure at this level is set as the
upper limit of integration in Equation (3)
because beyond about this value the
atmospheric moisture is negligible (Zhao et
al. 2020), and g is the acceleration due to
gravity (m/s®). The lifted index (Li)
(DeRubertis  2006) was calculated by
subtracting the air parcel temperature from
the environmental temperature at 500 hPa
level, as in Equation (4),

Li= TSOOhPa _TparceI.SOOhPa (4)
where T = environmental (ambient)

temperature and T, is the parcel

temperature at the 500 hPa level.

All calculations were done using R
software (R Core Team 2020) and aiRthermo
R package (Saenz et al. 2018).

The interpretation of calculated CAPE was
based on: CAPE<1000 J/kg, weakly unstable;
1000-2500 J/kg, moderately unstable; and
2500-4000 J/kg, unstable or strong instability
(Yin et al. 2015). The interpretation of Li was
based on: Li of O to 3, Stable; Li from 0 to -3,
marginally unstable; Li from -3 to -6,

moderately unstable; and Li from - 6 to -9,
highly unstable (DeRubertis 2006). The
interpretation of CIN was based on
Rasmussen et al. (2020), where CIN < -50
J/kg (weak inhibition), -50 J/kg > CIN> -200
J/kg (moderate inhibition) and CIN < -200
J/kg (strong inhibition).

Results

The results presented in Figure 2 show the
distribution of convective available potential
energy (CAPE), convection inhibition (CIN),
lifted index (Li) and precipitable water (PW)
in the local climate zones of Tanzania during
the JFM season. In Figure 2a, the CAPE
>1000 J/kg in the Islands, South coast, Lake
and Western highlands zones which indicates
moderate instability of the atmosphere, the
remaining zones have CAPE between about
793 J/kg and 964 J/kg. In Figure 2b, CIN > -
50 J/kg in all zones except in the Northeastern
highlands where CIN < -50 J/kg. Since CAPE
is high and the CIN is low (| CIN| < 50 J/kg),
the atmosphere was weakly to moderately
convective during the JFM season. The Li
shows that the atmosphere is marginally
unstable in all zones during the JFM season
since Li (Figure 2c) is between 0 and -3 °C.
The atmospheric convection in the eastern
zones, specifically in the Islands, Northern
coast and Southern coast zones is enhanced
by high PW (> 40 mm), whereas in the
Western ~ zones, Central, Lake and
Northeastern highlands zones, the PW has
values ranging from 32 mm to 37 mm (Figure
2d). PW has an east-west gradient; this is due
to the presence of the Indian Ocean in the
eastern part because the amounts and
concentrations of PW are affected by
atmospheric moisture transport, mainly from
Oceanic sources and evaporation from local
sources such as rivers and forests (Ryu et al.
2015).
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Figure 2: Average variations of the instability parameters during the JFM season in Tanzania.

During the FMA season (Figure 3) the
atmosphere is characterized by high CAPE
(>1000 J/kg) in the eastern and western zones,
specifically over the Islands, Southern coast,
Lake and Western highlands zones (Figure
3a). The remaining zones, namely, the
Central, Southern Highlands, Northern coast
and the Northeastern Highlands zones have
CAPE values ranging from 713 J/kg to 899
J/kg. The CIN (Figure 3b) has values larger
than -50 J/kg over all the zones: this is a low

inhibition energy which can be easily
overcome by a rising air parcel and manage to
reach the level of free convection (LFC). The
lifted index (Figure 3c), Li has values ranging
from -0.31 °C to -1.1 °C, which indicates a
marginally unstable atmosphere. Again, as it
was for the JFM season, the convection in the
atmosphere over the eastern coast zones
(Islands, Northern coast, and the Southern
coast zones) is enhanced by high PW ranging
from 43 mm to 48 mm (Figure 3d).
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Figure 3: Average variations of the instability parameters during the FMA season in Tanzania.

During MAM season, the CAPE had a
range from 170 J/kg to 921 J/kg (Figure 4a)
which is lower than that of JFM and FMA
seasons. The CAPE is relatively high in the
Islands Zone (CAPE = 921 J/Kkg), in the Lake
Zone (CAPE = 788 J/kg) and in the Western
Highlands Zone (CAPE= 688 J/kg) and the
lowest CAPE is in the Southern Highlands
Zone (CAPE = 170 J/kg). These results
indicate that during the MAM season the
atmosphere is less convective than during the
JFM and FMA seasons. CIN values (Figure
4b) ranged from -4 J/kg to -77 J/kg indicating
a moderate inhibition, which is a higher
inhibition as compared to the values of CIN
observed during JFM (Figure 2b) and FMA
(Figure 3b) seasons. The Lifted index (Figure
4c) values show that the atmosphere is stable

during the MAM season over the Southern
Highlands Zone, Southern coast zone,
Northern coast zone and over the
Northeastern highlands zone where Li > 0 °C,
and Li < 0 °C in the Islands, Central, Lake
and Western Highlands Zones (Figure 4c).
The PW during the MAM rainfall season is
higher in the eastern zones as it was for the
JFM and FMA, in the Island Zone (PW = 50
mm), in the Southern coast zone (PW = 45
mm) and in the Northern coast zone (PW = 43
mm) (Figure 4d). The Li showed a stable
atmosphere over the Southern coast and
Northern coast zones (Figure 4d). Hence, the
atmosphere during the MAM season is
observed to be weakly convective over the
Islands, Western Highlands, Central and Lake
Zone where the Li <0 °C.
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Figure 4: Average variations of the instability parameters during the MAM season in Tanzania.

The average variations of the atmospheric
instability parameters during the OND rainfall
season are shown in Figure 5. CAPE is
observed to have relatively higher values in
the Lake Zone (CAPE = 853 J/kg), Western
Highlands zone (CAPE = 789 J/kg) and in the
Central Zone (CAPE = 635 J/kg) (Figure 5a);
these zones also have negative lifted index
(Li) (Figure 5c¢) which indicates marginally
unstable atmosphere, The Li is positive in the
Northern coast, Southern coast, Southern
Highlands and in the North Eastern Highlands
Zones (Figure 5c), indicating a stable
atmosphere over these zones. The CIN values

(Figure 5b) ranged from -3 J/kg (low
inhibition) in the Islands zone to -120 J/kg
(moderate inhibition) in the Southern

Highlands Zone. The precipitable water (PW)
(Figure 5d) during the OND season is higher
in the eastern zones (Islands, Northern coast,
and the Southern coast) and lower to the
western zones, it maintains the east-west
gradient distribution. The Southern Highlands
Zone has the lowest PW (30 mm) (Figure 5d)
followed by Northeastern Highlands Zone
with a value of 31 mm (Figure 5d). The
higher PW over the Islands Zone enhanced
convection in the atmosphere. Hence, the
atmosphere during the OND season, as it was
observed for the MAM season, is less
convective as compared to JFM and FMA
seasons.

1653



Mwinuka et al. - Atmospheric Instability Conditions during Rainy Seasons over Tanzania

(a) CAPE [J/kg] CAPE
173
2°5 -
354
481 m 381

+  [°SH

® ® 461
8°51 & 635
10°S - A 755
12054 789

30°E32°E34°E36°E38°EA0°EA2°E 853
Lon
(c) Li [deg C] Li
-0.63
281 042
4781 B 037

-— GCS-

S o . 02
8°81 & 026
10°S 4 A o6
12757 0.76

30°E32°E34°E36°E38°H40°E42°F 0.93
Lon
Figure 5:
Tanzania.
Discussion

The atmospheric instability conditions
over Tanzania during JFM, FMA, MAM and
OND seasons were determined based on the
distribution of convective available potential
energy (CAPE), convective inhibition (CIN),
lifted index (Li) and precipitable water (PW).
Results showed that during JFM and FMA
rainfall seasons the atmosphere is more
convective than during the MAM and OND
seasons. CAPE during JFM season ranged
from about 793 J/kg to 1183 J/kg with CAPE
>1000 J/kg over the Island Zone, South Coast
Zone, Western Highlands Zone, and over the
Lake Zone; this means the atmospheric
instability  conditions were  moderately
unstable over the mentioned zones. The lifted
index during the JFM season was negative
over all zones, but it was more negative (Li <
-1.0 °C) over the zones with CAPE > 1000
J/kg, implying a more unstable atmosphere
than where Li > -1.0 °C. During JFM, CIN
had a range from about -15 J/kg to -52 J/kg
which is low inhibition  permitting
development of convective elements in the
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Average variations of the instability parameters during the OND rainfall season in

atmosphere. The precipitable water (PW)
during the JFM ranged from 32 mm to 49
mm, with higher values of 42 mm to 49 mm
over the Island, North coast, and Southern
coast zones. The lowest value of PW was
observed over the Northeastern Highlands
Zone (32 mm). PW during the JFM had East-
West gradient, higher values in the eastern
zones adjacent to the Indian Ocean and lower
values over the western zones. The observed
higher PW over the eastern zones is due to the
moisture supply from the Indian Ocean,
because one of the sources of PW is the
evaporation from the water bodies (Ryu et al.
2015, Namaoui et al. 2017), the rate of
evaporation might be higher at this time
because it is summer. The moisture due to
evaporation from the ocean is transported
over land by sea-land breeze due to diurnal
heating (Jiang 2012). During FMA season,
CAPE ranged from about 700 J/kg to 1080
J/kg, whereby a range from 1043 J/kg to 1080
J/kg was observed over the Islands, Lake and
Western Highlands Zones.
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Although the atmosphere was convective
all over Tanzania during the JFM and FMA
seasons, it was more convective over the
Islands, Lake and Western Highlands Zones.
For the case of the Islands Zone, which
comprises of the Islands of Unguja and
Pemba, the atmosphere is more convective
due to the diurnal differential heating which
leads to land-ocean breeze (LOB) because of
land-ocean temperature contrast (Jiang 2012,
Yamanaka et al. 2018), The ingredients of
LOB are the surface winds and the low-level
vertical motion, the former is responsible for
the LOB circulations and the later is
responsible for the LOB-based convection
(Jiang 2012). The low-level moisture over the
Island when accompanied by weak surface
winds leads longer residence time of such
winds over the heated island leading to
enhanced moist instability growth (Robinson
et al. 2011), hence more convection. The JFM
and FMA are seasons with high surface air
temperature which enhances the land-ocean
temperature contrast. For the Lake and
Western Highlands Zones, the atmosphere is
more convective due to being in the proximity
to the Lake Victoria and Lake Tanganyika,
respectively, whereby the lake-land breeze
induced circulation plays a major role in the
overall organization of  convection
(Woodhams et al. 2019). The CIN during
FMA ranged from -7 J/kg to -48 J/kg which is
low inhibition. The lifted index during FMA
was negative (Li < 0 °C) all over Tanzania
with more negative (Li < -1 °C) over the Lake
and Western Highlands Zones, which
indicates more unstable atmosphere and
hence more likely to develop convective cells.
The PW ranged from 33 mm to 48 mm;
Northeastern Highlands had lowest value of
33 mm, while the Islands, Northern coast and
Southern coast had higher PW values from 43
mm to 48 mm, the east-west gradient
distribution of PW was again observed during
FMA.

During MAM and OND seasons (Figures
4 and 5), the atmosphere was characterized by
low values of CAPE and relatively high
values of CIN meaning that it is less
convective or more stable than during the
JFM and FMA seasons. The CAPE during

MAM ranged from 170 J/kg to 921 J/kg less
than 1000 J/kg (Figure 4a) and during OND
ranged from 173 J/kg to 833 J/kg less than
1000 J/kg (Figure 5a). The highest value of
CAPE during OND (Figure 5a) is lower than
the upper value during JFM (Figure 2a) and
FMA (Figure 3a) seasons. The CAPE (Figure
5a) distribution in OND has almost the same
pattern as that of during the MAM season
(Figure 4a). The CIN during MAM (Figure
4b) ranged from -4 J/kg to -77 J/kg and from -
3 J/kg to -120 J/kg during OND (Figure 5b),
with moderate inhibition (200 >|CIN|> 50
JIkg) or -50 J/kg > CIN > -200 J/kg over the
Southern  Highlands and  Northeastern
Highlands Zones and low (weak) inhibition
(| CIN| <50 J/kg) or CIN > -50 J/kg over the
remaining zones. During MAM, the lifted
index (Li) (Figure 4c) was negative only over
the Island, Lake, Western Highlands, and
Central Zones indicating unstable atmosphere
and likely to be convective over these zones
which also had high CAPE (Figure 4a) and
low CIN (| CIN|< 50 J/kg) (Figure 4b). PW
ranged from 33 mm to 50 mm during MAM
(Figure 4d) with higher PW in the Island (50
mm), Northern coast (43 mm) and Sothern
coast (45 mm) (Figure 4d), which again
shows east-west distribution gradient of PW.
During OND, PW ranged from 30 mm to 44
mm (Figure 5d) with higher values to the
eastern zones. The lifted index (Figure 5c)
was negative only over Lake, Western
Highlands, Island, and Central Zones as it
was during MAM.

The lowest CAPE during JFM and FMA
on average is about 753 J/kg (Figures 2a and
3a) and the corresponding CIN on average is
about -50 J/kg in the range CIN > -50 J/kg
(Figures 2b and 3b) which is the marginal
value of weak or low inhibition (Rasmussen
et al. 2020). The lowest CAPE during MAM
and OND on average is about 170 J/kg
(Figures 4a and 5a) and the corresponding
CIN (Figures 4b and 5b) on average is about -
99 J/kg in the range (200 > | CIN | > 50 J/kg)
or -50 J/kg > CIN > -200 J/kg which is
moderate inhibition (Rasmussen et al. 2020).
This means that in general the atmosphere
over Tanzania was moderately unstable
during JFM and FMA but weakly unstable
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during the MAM and OND. Hence, the
atmosphere is likely to be more convective
during JFM and FMA than during the MAM
and OND seasons. The results of the present
study save as a starting point in understanding
seasonal rainfall predictability in Tanzania
because the variations and distribution of the
instability parameters during JFM, FMA,
MAM and OND resemble the variations and
distribution of rainfall predictability as
observed by Mwinuka et al. (2021).

It is observed in this study that higher
CAPE values correspond to Li < 0 and lower
CAPE values correspond to Li > 0 (Figures
4a, 4c, 5a and 5c). There is no agreed value of
low or high CAPE (Dorrestijn and Crommelin
2015), there are variations from one region to
another. The atmosphere is likely to develop
convective storms with dynamic forcing in
place whenever CAPE gets higher. In general,
the atmosphere becomes unstable whenever
CAPE is greater than zero, and more unstable
for CAPE greater than 1000 J/kg (da Silva et
al. 2020). In Europe, after observing the
records, it was concluded that the probability
of the occurrence of lightning was highest for
CAPE > 400 J/kg and CIN > - 50 J/kg
(Westermayer et al. 2017). In a series of
experiments with an environment with given
CAPE values, it was found that at CAPE of
450 J/kg, it was not easy to get a strong storm
(Kirkpatrick et al. 2011). In the present study,
observations from Figures 4a, 4c, 5a and 5c
suggest that there is a critical value of CAPE
below which the lifted index is only positive
(stable atmosphere), that value of CAPE is
approximately 500 J/kg. Below CAPE ~
500J/kg, the Li > O indicating a stable
atmosphere, whereby the temperature of the
rising air parcel is lower than that of the
environment (da Silva et al. 2020).

No strong CIN (CIN < -200 J/kg) or
(|CIN| > 200 J/kg) is observed in either
season, but the relatively high CIN (moderate
inhibition) observed during OND, and MAM
(Figures 4b and 5b) has a potential to lead to
the building up to higher CAPE values, such
that under extra lifting and high surface
heating could result into strong convection
(Parker 2002). Such higher CAPE can easily
break the capping inversion if any to allow

thunderstorms to develop in all rainy seasons,
but the probability is relatively high during
JFM and FMA seasons in which Li < 0 in all
zones (Figures 2c and 3c). During JFM, the
lowest value of CAPE = 793 > 500 J/kg and
in FMA the lowest value was CAPE = 713 >
500 J/kg. During MAM, the lowest CAPE =
170 < 500 J/kg and in OND season, the
lowest CAPE = 173 < 500 J/kg. During both
MAM and OND, CAPE > 500 J/kg in the
Lake Zone, Western Highlands Zone, Island
Zone and over the Central Zone.

It is observed from Figures 2a, 3a, 4a and
5a that CAPE was generally high in the
western part specifically in the Lake Zone and
Western Highlands Zone, and in the Central
Zone. CAPE was also high in the Islands
zone. High CAPE is an indication of the
presence of conditional unstable lapse rate
overlapped with low level moisture in the
lower middle troposphere (Doswell and
Schultz 2006), this is because CAPE indicates
the regions where moisture and conditional
instability have overlapped or superimposed
on each other (Doswell and Schultz 2006). On
the other hand, CAPE was relatively low in
the eastern part of Tanzania mainland,
specifically in the Northern Coast Zone, the

Northeastern Highlands Zone and the
Southerrn coast.
In this study, only four instability

parameters were considered which are CAPE,
CIN, Li and PW. In future work, it is
important to also determine the atmospheric
instability conditions during the rainy seasons
by analyzing other instability parameters such
as the vertical velocity, moist static energy,
vertical wind shear and LCL crossing. Also,
the contribution of the atmospheric instability
parameters to the seasonal rainfall
predictability should be considered in future
research. This will reveal what percentage of
the seasonal rainfall is contributed by
atmospheric convective instability.

In the calculation of CAPE and CIN in this
paper, a surface-based air parcel was used
with the assumption that the parcel originates
near the surface. This assumption is not
always satisfying since convection may
sometimes occur above the low-level
inversion. Future works might find it useful to
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consider using the mixed layer parcels in the
calculation of CAPE or CIN which has no
assumption of the origin of the air parcel to
lift.

Conclusions

The atmospheric instability conditions
during rainy seasons in Tanzania were
determined by the analyses of CAPE, CIN,
PW and Li. It has been found that during
JFM and FMA, the atmosphere is moderately
unstable with high CAPE and low CIN
favouring the development of convective
processes. During MAM and OND, the
atmosphere was found to be weakly unstable.
As the results of the present work have
showed, the atmosphere is moderately
unstable during JFM and FMA, and hence
more likely convective than it is during
MAM and OND. The variations and
distribution of the instability parameters
presented in this paper have patterns which
resemble the rainfall predictability patterns
as observed by Mwinuka et al. (2021). This
observation indicates that there is a
connection between the distribution and
variations of the atmospheric instability
parameters and the seasonal rainfall
predictability in Tanzania. Further research is
recommended to investigate the contribution
of convective instability conditions to the
rainfall predictability and distribution in
Tanzania. The results of such research will
either confirm or reject the hypothesis that
seasonal rainfall predictability distribution as
observed by Mwinuka et al. (2021) follows
the distribution and variations of the
atmospheric instability parameters
considered in this study. Since only four
instability parameters were considered in this
study, more parameters need to be analyzed
in future research, such as vertical velocity
and vertical wind shear.

The seasonal CAPE, CIN, PW and Li
presented in this study are the seasonal mean
values calculated from the zone area average
monthly data. Hourly or daily calculation of
CAPE over different spatial points within
each zone is recommended, since the state of
the atmosphere is subject to change within an
hour, or a day and it has been observed

elsewhere that the probabilities of convective
storms were higher on days with higher
CAPE (Huryn et al. 2020).

In the calculation of CAPE and CIN in this
paper, a surface-based air parcel was used
with the assumption that the parcel originates
near the surface. This assumption is not
always satisfying since convection may
sometimes occur above the low-level
inversion. Future works might find it useful
to consider using the mixed layer parcels in
the calculation of CAPE or CIN which has no
assumption of the origin of the air parcel to
lift.
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