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Abstract 
In this paper, we modify the convective vorticity vector ( CVV ) defined as a cross 
product of absolute vorticity and gradient of equivalent potential temperature to 
moist potential vorticity vector ( )MPVV  defined as a cross product of absolute 
vorticity ( aζ ) and the gradient of the moist-air entropy potential temperature ( sθ ).  
The patterns of ( )MPVV  are compared with the patterns of heavy rainfall events 
that occurred over different regions in Tanzania on 20th to 22nd December, 2011 and 
on 5th to 8th May, 2015. Moreover, the article aimed at assessing the relative contribu-
tions of the magnitude, horizontal and vertical components of ( )MPVV  detecting 
on the observed patterns of rainfall events. Dynamic and thermodynamic variables: 
wind speed, temperature, atmospheric pressure and relative humidity from numeri-
cal output generated by the Weather Research and Forecasting (WRF) model run-
ning at Tanzania Meteorological Agency (TMA) were used to compute .MPVV  It 
is found that MPVV  provide accurate tracking of locations received heavy rainfall, 
suggesting its potential use as a dynamic tracer for heavy rainfall events in Tanzania.  
Finally it is found that the first and second components of MPVV  contribute al-
most equally in tracing locations received heavy rainfall events. The magnitude of 
MPVV  described the locations received heavy rainfall events better than the com-

ponents. 
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1. Introduction 

In recent years, extreme weather events such as heavy rainfall are common and have 
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contributed to loss of lives, damage of properties, destruction of environment and other 
social economic livelihood of people in many countries [1] [2]. Tanzania has witnessed 
many heavy rainfall events in recent years. Table 1 depicts some of the more recent 
heavy rainfall events which have occurred over different regions in Tanzania. Forecast-
ing of these events is of considerable benefit to different sectors (agriculture, hydro-
power, health, water resources) and community at large. However, it is difficult to 
forecast these events accurately and reliably [3] [4]. In Tanzania, the difficulty to fore-
cast heavy rainfall is associated with the country’s complex topographical landscapes, 
numerous large inland water bodies, variation in vegetation types and land-ocean con-
trast [5]. 

Several studies [5]-[7] have analysed the drivers of heavy rainfall events over East Af-
rican region in general and Tanzania in particular. [6] analyzed the link between El 
Nino events in the equatorial Indian Ocean and the catastrophic rainfall of 1961-1962 
in East Africa. They found that, heavy rainfall over East African region is associated 
with large Sea Surface Temperatures (SSTs) and wind anomalies over equatorial Indian 
Ocean. [5] analysed the atmospheric circulation patterns over the Indian Ocean that 
was linked to heavy rainfall event that occurred over northern Tanzania during the 
short rain of October-November-December (OND) season in 2006. They found that 
heavy rainfall was associated with strong warming over the Indian Ocean, coupled with 
convective zones over the western Indian Ocean and East African region.  

The above mentioned studies have analysed the impacts of large scale atmospheric 
circulation, atmosphere-ocean interactions and SSTs on heavy rainfall events. However, 
relatively less attention has been directed towards analysing the impact of local scale 
induced circulations from orography, land ocean contrast and difference in vegetation  
 
Table 1. Regions received heavy rainfall from 2011to 2015 in Tanzania. 

No. Region Lat (S) Lon (E) Alt (m) Rainfall (mm/day) Date of heavy rainfall 

1 Tukuyu, Mbeya 08.56 33.28 1758 232 09/11/2011 

2 Dar es Salaam 06.53 39.12 53 156.4 20/12/2011 

3 Iringa 07.40 35.45 1428 131 21/12/2011 

4 Kizimbani, Zanzibar 06.13 39.13 18 130.2 19/04/2011 

5 Mtwara 10.21 40.11 113 100 18/02/2011 

6 Tanga 05.05 39.04 49 100.6 11/10/2011 

7 Zanzibar 06.13 39.13 18 133.8 19/04/2011 

8 Dar es Salaam 06.53 39.12 53 133.8 11/04/2012 

9 Mwanza 02.28 32.55 1140 142 31/10/2012 

10 Zanzibar 06.13 39.13 18 116.2 26/11/2012 

11 Dar es Salaam 06.53 39.12 53 138.1 11/04/2014 

12 Dar es Salaam 06.53 39.12 53 111.4 6/5/2015 

13 Kibaha 06.50 38.38 167 88.3 6/5/2015 

14 Zanzibar 06.13 39.13 18 45.5 6/5/2015 
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type on formation of heavy rainfall events. Furthermore the combined impact of local 
and large scale circulations to the atmospheric environment at which was the main 
cause of heavy rainfall events have not been analysed. In this study, we modify the con-
vective vorticity vector ( CVV ) which is defined as a cross product of absolute vorticity 
and gradient of equivalent potential temperature to moist potential vorticity vector 
MPVV  by replacing the equivalent potential temperature with the moist-air entropy 

potential temperature ( sθ ). The usefulness of MPVV  in diagnosis of heavy rainfall 
events is analysed. The ultimate goal is to highlight the possibilities of using MPVV  
to help prediction of heavy rainfall events over different regions in Tanzania.  

Motivation of the Use of New Moist Potential Vorticity Vector to  
Describe Rainfall Events 

Heavy rainfall events, among other factors are triggered by transport and convection of 
large volume of water vapour. Physical variable such as moist potential vorticity (MPV), 
that describe both dynamics and thermodynamics aspect of water vapour can be used 
to diagnose and potentially predict the occurrence and distribution of heavy rainfall [8]. 
Indeed, MPV combines the two general characteristics responsible for the rainfall for-
mation: the dynamics via the vorticity component and the thermodynamics via the 
gradient of the moist-air temperature. [9] used MPV as a fundamental dynamical vari-
able to examine a four dimensional dataset obtained from an 18-hr high resolution 25 
km simulation of a squall line that occurred during 1200UCT 10 June to 0600UCT 11 
June 1985. They found that the stratiform region is characterised by negative MPV and 
suggest that trailing stratiform precipitation could be viewed as an end of slantwise 
convection with pronounced moist symmetric instability (MSI). [8] used MPV as a di-
agnostic variable of heavy rainfall event that occurred in MEIYU and found that MPV 
is an important physical variable to reveal heavy rainfall structure and dynamic me-
chanisms. They also found that negative MPV correspond to the MEIYU front-wind 
shear line system and the negative center corresponds to the heavy rain center.  

However, the scalar MPV which is derived from the dot product of absolute vorticity 
and gradient of moist-air temperature may not fully explain the complex atmospheric 
circulations patterns over the tropics. The Coriolis parameter over the tropics is very 
small and is zero over the equator. Furthermore the vertical gradient of temperature 
over the tropics is small due to strong mixing processes. Thus the scalar MPV may not 
represents some dynamical patterns over the tropics, particularly close to equatorial re-
gion. For instance, [10] demonstrated that the vertical component of planetary vorticity 
in MPV computation is zero and cannot explain two dimension (2-D) equatorial at-
mospheric flows. [11] argued that over the tropics, the moist potential vorticity com-
puted from the dot product is mainly in the horizontal direction since the absolute vor-
ticity and the gradient of temperature are small and cannot represent the atmospheric 
motions reasonably. [10] proposed the use of convective vorticity vector ( CVV ) to 
study deep convection particularly over tropical regions. However, CVV  is computed 
using the gradient of equivalent potential temperature eθ . It is conservative only in moist 
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adiabatic and frictionless processes and its generalization to be used in dry atmosphere 
lead to annihilation of solenoidal term in its tendency equation [12]. Since the atmos-
phere is never completely dry or saturated, but non-uniformly saturated. Thus CVV  
cannot be used to study non-uniform saturated atmospheric flow and fulfil the demand 
to verify, at the same time, a moist and dry air conservative property and an inverti-
bility principle. In this study we modify CVV  to moist potential vorticity vector 
( )MPVV  by replacing the equivalent potential temperature with moist-air entropy 
potential temperature ( sθ ). This temperature is valid for a general mixing of dry air, 
water vapour and all possible condensed water species. MPVV  is analysed on its abil-
ity to diagnose heavy rainfall events over different regions in Tanzania.  

2. Data and Methodology 
2.1. Model Description Experimental Design and Data from the Model  

The Weather Research and Forecasting (WRF) model version 3.3.1, jointly developed 
by the National Oceanic and Atmospheric Administration (NOAA) and National Cen-
tre for Atmospheric Research (NCAR) is used in this study. This model is a non-hy- 
drostatic mesoscale NWP model, fully compressible and has terrain following sigma 
coordinates [13] [14]. The WRF is chosen in this study because it has been used by dif-
ferent researchers at government institution and universities and is currently running 
at Tanzania Meteorological Agency (TMA) Numerical Weather Prediction (NWP) 
modelling section. It features multiple dynamical cores, a 3-dimensional variation and 
4-dimensional (3DVAR and 4DVAR) data assimilation system, and has software archi-
tecture that allow for computational parallelism. WRF is suitable for a broad spectrum 
of applications across scales ranging from meters to thousands of kilometres. 

In this study the domain of WRF is set-up over East Africa region (8˚N to 18˚S; 25˚E 
to 52˚E) (Figure 1), on a horizontal resolution of 15 km, and the model has 28 vertical 
levels. The model was set to simulate heavy rainfall events that occurred over different 
regions in Tanzania from 20th to 22nd December 2011 and 5th to 8th May 2015. The 
boundary condition from the National Centre for Environmental Prediction (NCEP) 
global forecast system (GFS) dataset with a 0.5˚ × 0.5˚ spatial resolution were used to 
force the WRF. The input data has a time interval of three hours, while the output data 
are served at hourly interval. The simulations were initiated at 00h UTC and run for 48 
hours ahead. Simulated meteorological variables: wind speed (zonal, meridional and 
vertical components), pressure, temperature and relative humidity at different pressure 
levels are used to compute MPVV . 

2.2. Rainfall Data 

Rainfall as cumulated total for every 3 hours was accessed from the Tropical Rainfall 
Measuring Mission (TRMM). This is an international project led by the National 
Aeronautics and Space Administration (NASA) and Japan Aerospace Exploration 
Agency (JAXA). The project provides improved estimate of rainfall over tropical regions 
using remote sensing technique through satellite observations. The TRMM rainfall  
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Figure 1. The topographical map in the domain where WRF is set indicating surface land cover 
that can be resolved by the model in the study region. 
 
estimates used here are from TRMM 3B42V7, available at spatial resolution of 0.25˚ by 
0.25˚ which is approximately 27.8 km by 27.8 km. These data were accessed from the 
website:  
http://giovanni.sci.gsfc.nasa.gov/giovanni/#service=TmAvMp&starttime=&endti and was 
used to map the spatial distribution of rainfall (mm/day) during 20th to 22nd December 
2011 and 5th to 8th May 2015. These maps are compared with the spatial patterns of 
MPVV . 

2.3. Observed Rainfall Data 

Daily accumulated rainfall (mm/day) during 20th to 22nd December 2011 and 5th to 8th 
May 2015 were acquired from the Tanzania Meteorological Agency (TMA). In order to 
compare the spatial patterns of MPVV with rainfall, the Inverse Distance Weighting 
(IDW) interpolation technique was used to interpolate the patterns of observed rainfall 
using data from 22 weather stations. For detailed description about the IDW interpola-
tion technique a reader may consult [15]. The spatial rainfall maps generated using 
IDW interpolation techniques are compared with spatial patterns of MPVV . 

2.4. Descriptions of Rainfall Events 

On 20st to 22nd December 2011, there was very heavy rainfall over the city of Dar es Sa-

http://giovanni.sci.gsfc.nasa.gov/giovanni/%23service=TmAvMp&starttime=&endti
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laam which triggered a worst flooding event where forty three people were reported 
dead and many were missing. The major transportation networks of the city were de-
stroyed by the flood. Some bridges were completely swept out and others were covered 
with water. The heavy rainfall event were caused by warming over the eastern, North 
and northwestern Australia and the prevailed surface Westerly wind, that pushed warm 
surface water towards western Indian Ocean. This warm surface water spread around 
western equatorial Indian Ocean coupled with significant warming developed over 
western Indian Ocean (coast of Dar es Salaam) on 20-22 December enhanced more 
convection along the coastal regions. Moreover, low level convergence dominated over 
most regions that enhanced heavy rainfall over much parts of the country. Figure 2 in-
dicates the cloud band over the coastal region detected from satellite image on 21-12- 
2011, at 0900UCT. 

On 6th May 2015, the city of Dar es Salaam received heavy rainfall of 111.4 mm in 
24-hours. Kibaha region received 88.3 mm in 24-hours, while Zanzibar reported 45.5 
mm in 24-hours. On the 7th May 2015, rainfall of 60.2 mm, 52.5 mm, 49.7 mm, 41.4 
mm and 37.4 mm were reported at Mahenge, Dar es Salaam, Kibaha, Zanzibar and  
 

 

 
Figure 2. Satellite image (a) visible band; (b) infra- 
red band on 21-12-2011, at 0900UCT. 
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Mtwara regions respectively. These rainfalls were influenced by the enhancement of the 
inter-tropical convergence zone (ITCZ) over Tanzania, and significant moisture flux 
over the coastal belt coupled with low level convergence that triggered deep convection 
over most regions.  

2.5. Modification of CVV to MPVV 

We start by defining the moist-air entropy potential temperature. The moist-air en-
tropy potential temperature sθ  is defined in [16] as 
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mentioned that ( )1sθ  is a good approximation of sθ . For detailed derivation of sθ  
please refer to [16]-[18].  

Another parameter to use in computation of MPVV  is density ρ  which is de-
fined from the equation of state as 
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Considering the hydrostatic equilibrium z g pρ∂ ∂ = − ∂ ∂ , Equation (5) can be re- 
written as 

First component ( )2 s s
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The magnitude of MPVV  is written as 

( ) ( ) ( )22 2
x y z= + +MPVV MPVV MPVV MPVV .            (9) 

3. Results and Discussion 

In this study we analyse whether MPVV  can serve as diagnostic variable of heavy 
rainfall events over different regions of Tanzania. This is achieved by comparing the 
spatial patterns of MPVV  and rainfall. Starting with the first case, Figure 3 shows the 
distribution of rainfall estimates derived from satellite, where subplot 3(a) and 3(b) re-
spectively represent accumulated rainfall estimates on 20th and 21st of December, 2011. 
While subplot 3(c) is 48-hour accumulated rainfall estimates from 20th to 21st Decem-
ber, 2011. It is seen that the distribution of rainfall almost covered the whole domain of 
Tanzania. However, there are differences in rainfall intensity across the regions. The 
coastal regions and southwestern highlands received larger amount of rainfall com-
pared to Northern regions and northeastern highlands. The maximum 24-hours accu-
mulated rainfall is seen over Dar es Salaam (Figure 3(a) and Figure 3(b)). These rain-
fall estimates from satellite collocate with observed rainfall in Figure 4, where maxi-
mum rainfall of about 156 mm was measured over Dar es Salaam weather station on 
20th December, 2011. Further, Figure 4 also shows that most regions received rainfall 
above 22 mm on 20th December, 2011.  

The distribution of the MPVV  share similar patterns to that of rainfall areas,  
 

 
Figure 3. Rainfall in mm/day (a) 20/12/2011; (b) 21/12/2011; (c) 20-21/12/2011. 
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Figure 4. Distribution of observed rainfall over different regions in Tanzania on 
20-12-2011. 

 
Figure 5 shows the distribution of the first component of MPVV , where subplot 5(a) 
and 5(b) presents the first component of MPVV  at 700 hPa on 20th and 21st Decem-
ber 2011 respectively, while subplot 5(c) is the 48-hour average of MPVV  at 700 hPa. 
The reason why we calculate MPVV  at 700 hPa level and compare with the rainfall 
areas is due to the fact that, this level is commonly used for diagnosis of rainfall trig-
gering systems over the tropics, particularly in Tanzania. Thus the behaviour of 
MPVV  computed at this level is expected to better represent the pattern of rainfall 

over different regions compared to MPVV  at other levels. The positive values of 
MPVV  are seen distributed almost over the whole domain of Tanzania (Figure 5(a)). 

This collocates with the distribution of rainfall in Figure 3(a). Positive values of 
MPVV  extended from Congo to western part of Tanzania, where they extended again 

to northern and southern regions. This distribution may have contributed to the ob-
served high amount of rainfall over the southwestern highlands, where high ground 
topography may be enhancing convection processes and over southern part of Lake 
Victoria, where lake-land contrast may be triggering convection activity. However, a 
negative band of MPVV  is seen along the coast (Figure 5(a)). This band is sur-
rounded by positive values of MPVV , where maximum values are seen over the In-
dian Ocean. Figure 5(b) shows the band of negative MPVV  extends from the coast 
to inland, this indicates convective processes over the coast regions reduced on 21 of 
December 2011. 

Figure 6 shows the distribution of the second component of MPVV , where subplot 
6(a) and 6(b) present the patterns of MPVV  on 20th and 21st, December 2011 respec-  
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Figure 5. Spatial distribution of the first component of the moist potential vorticity vector (in 
PV-units) on (a) 20/12/2011; (b) 21/12/2011; (c) 20-21/12/2011. 
 

 
Figure 6. Similar to Figure 5 but for the second component of the moist potential vorticity vec-
tor (in PV-units) on (a) 20/12/2011; (b) 21/12/2011; (c) 20-21/12/2011. 
 
tively. Subplot 6(c) is the average of the second component of MPVV  from 20th to 
21st December 2011. The distributions of the second component of MPVV  collocate 
with the distribution of rainfall locations. Positive values of MPVV  are distributed 
almost over the whole of Tanzania. Similar to what was observed with the first compo-
nent, the coastal region is dominated with negative values of MPVV  which are sur-
rounded with positive values of MPVV . From Figure 6(a), maximum positive values 
of MPVV  are seen over southwestern highland and southern part of the lake Victoria 
region and parts of central regions this correspond to high rainfall over those areas.  

The distribution of the third component of MPVV  is shown in Figure 7. From 
this figure it can be seen that subplot 7(a) and subplot 7(b) which represents the pat-
terns of the third component of MPVV  on 20th and 21st December 2011 respectively 
are dominated with positive values. The 48-hour average of the third component of 
MPVV  shows that the country was dominated with small positive values MPVV  

(Figure 7(c)).  
The magnitude of the MPVV  shown in Figure 8 indicates that the band of maxi-

mum values of MPVV  is located over the coastal regions. This band bear different 
shapes, on 20th December, it is oriented in south-eastern direction touching the coast, 
with maximum values of MPVV  located close to Dar es Salaam. This collocated with 
the observed heavy rainfall over that region that triggered catastrophic flooding event. 
On 21st December 2011, the band of maximum magnitude of MPVV  is oriented  
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Figure 7. Similar like Figure 6 but for third component of the moist potential vorticity vector 
(in PV-units) on (a) 20/12/2011; (b) 21/12/2011; (c) 20-21/12/2011. 
 

 
Figure 8. The magnitude of the moist potential vorticity vector (in PV-units) on (a) 20/12/2011; (b) 
21/12/2011; (c) 20-21/12/2011. 
 
parallel to the coast but also touches most regions along the coast. This collocated with 
the observed rainfall over the coastal regions. Generally it is seen that the area close to 
maximum values of the magnitude of MPVV  experienced heavy rainfall (Figure 
3(a), Figure 4 and Figure 8(a)). To compare the strength of convective systems along 
the coast regions between day 20th and 21st it can be seen that convection processes was 
stronger along the coastal regions on 20th than on 21st of December, 2011.  

The second case analysed in this study is that occurred on 5th to 7th May, 2015. Figure 
9 present distribution of rainfall estimates from the satellite, where subplot 9(a), 9(b) 
and 9(c) presents rainfall distribution on 5th, 6th and 7th May 2015 respectively. It can be 
seen that most areas received rainfall on the 5th where the coastal region received more 
rainfall compared to the other regions (Figure 9(a)). On the 6th the amount of rainfall 
has increased over coastal regions, where the city of Dar es Salaam received heavy rain-
fall which triggered catastrophic flooding. On the 7th rainfall has increased over the en-
tire coastal regions.  

Figures 10-12 represents the distribution of observed rainfall over different regions. 
These figures present similar patterns as the satellite rainfall estimates. However, the 
amount of rainfall estimated by satellite is lower than that from the weather stations. 
The coastal region received more rainfall than other regions and the city of Dar es Sa-
laam received about 111mm of rain on 6th May 2015. 

The patterns of MPVV  follow similar patterns to that of the rainfall, Figure 13  
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Figure 9. Rainfall in mm/day (a) 5/5/2015; (b) 6/5/2015; (c) 7/5/2015; (d) 5-7/5/2015. 
 

 
Figure 10. Distribution of observed rainfall over different regions in Tanzania on 5-5-2015. 
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Figure 11. Distribution of observed rainfall over different regions in Tanzania on 
6-5-2015. 

 

 
Figure 12. Distribution of observed rainfall over different regions in Tanzania on 
7-5-2011. 

 
shows the distribution of the first component of MPVV ; where on 5th positive values 
of MPVV  dominate almost over the entire domain of Tanzania with maximum val-
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ues located over the northern coast. However, on 6th the positive values of MPVV  
squeezed to form a kidney shape, extending from northern to parts of southern coastal 
regions. This band of positive values of MPVV  contributed to heavy rainfall over Dar 
es Salaam. On the 7th the band of positive values of MPVV over the coast relaxed and 
moved to parts of southwestern high grounds. This might contributed to heavy rainfall 
events observed over Mahenge (Figure 13).  

The distribution of second component of MPVV  is shown on Figure 14. Similar 
pattern to that of the first component is seen. However, the second component shows 
that on 5th the maximum positive values of MPVV  were located close to northern 
Tanzania Kenya boarder. It moved over northern coast on the 6th and influenced heavy 
rainfall over those areas. On the 7th the entire coast was dominated with positive values 
of the second component of MPVV . The third component of MPVV  shows little 
contribution to observed rainfall as it indicates the country was dominated with small 
positive values of MPVV  on the 6th without showing the regions with maximum val-
ues especially to the area where received maximum rainfall (Figure 15).  

The magnitude of MPVV  shows that maximum values of MPVV  were located 
on the northern Tanzania to Kenya boarder on the 5th, it then moved to touch the en-
tire northern coast of Tanzania on the 6th (Figure 16). In general the areas with maxi-
mum values of the magnitude of MPVV  collocate with areas received heavy rainfall.  
 

 
Figure 13. The first component of the moist potential vorticity vector (in PV-units) (a) at 
2015:5:5:00-2015:5:5:22; (b) 2015:5:5:22-2015:5:6:21; (c) 2015:5:6:21-2015:5:7:20; (d) 2015:5:5:00- 
2015:5:7:20. 
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Figure 14. The second component of the moist potential vorticity vector (in PV-units) (a) at 
2015:5:5:00-2015:5:5:22; (b) 2015:5:5:22-2015:5:6:21; (c) 2015:5:6:21-2015:5:7:20; (d) 2015:5:5:00- 
2015:5:7:20. 
 

 
Figure 15. The third component of the moist potential vorticity vector (in PV-units) (a) at 
2015:5:5:00-2015:5:5:22; (b) 2015:5:5:22-2015:5:6:21; (c) 2015:5:6:21-2015:5:7:20; (d) 2015:5:5:00- 
2015:5:7:20. 
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Figure 16. The magnitude of moist potential vorticity vector (in PV-units) (a) at 2015:5:5:00- 
2015:5:5:22; (b) 2015:5:5:22-2015:5:6:21; (c) 2015:5:6:21-2015:5:7:20; (d) 2015:5:5:00-2015:5:7:20. 
 
This gives more confidence that MPVV  can be used to diagnose the occurrences of 
heavy rainfall.  

4. Conclusion and Recommendations 

In this study, we presented a first step of new paradigm, to use the Moist Potential Vor-
ticity Vector MPVV  as diagnostic variable of heavy rainfall events in Tanzania. The 
main purpose of the article was to compute and compare the patterns of MPVV  de-
rived from the gradient of the moist-air entropic potential temperature and heavy rain-
fall events that occurred over different regions in Tanzania on 20th to 22nd December, 
2011 and on 5th to 8th May, 2015. Moreover, the article aimed at assessing the relative 
contributions of horizontal and vertical components of MPVV detecting on the loca-
tion of the observed heavy rainfall events. Dynamic and Thermodynamic variables: wind 
speed, temperature, Atmospheric pressure and relative humidity at 600 hPa and 800 
hPa levels generated by the Weather Research and Forecasting (WRF) Model running 
at Tanzania Meteorological Agency (TMA) were used to compute MPVV at 700 hPa 
level. It is found that MPVV  can serve as a diagnostic variable of heavy rainfall events 
over different regions in Tanzania. The first and the second components of MPVV  
contribute almost equally to locate the areas which received heavy rainfall. Maximum 
values of MPVV  are found to coincide with the areas received heavy rainfall. Although 
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we got good relation between MPVV  with heavy rainfall but only five days data were 
used, therefore we recommended more studies to be done to validate the usefulness of 
MPVV . Furthermore, it might be interesting if MPVV  can be tested to be used as a 

predictor in climate change studies to help in downscaling climate change projections. 
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