


Thislnperfomm on the use of one-dimensional form of shallow water equation to predict the
‘land surface temperature using the explicit finite difference discretization Method.

2. Model Formulation
Following Warner (2011), the one-dimensional shallow water equation is given as,

§+ug—fv+ga= (D
%+u%+ﬁl+g%=0 (2)
%+u%+v%+h%=o (3)
whose —

u is zonal wind speed
v is meridional wind speed

x is x-component

y 18 y-component

H is Scale height

h is shallow height of the atmosphere

f 1s Coriolis force

t is Time

I'is Temperature

g = Gravitational force

1/ is Average mean wind speed of the atmosphere.
Equation (1) 1s w-momentum equation along the x-axis, Equation (2) is v- momentum equation
along the y-axis and Equation (3) is continuity equation,
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Figure 1: A shallow flowing stream

Figure 1 is the flow diagram for the derivation of our model equation. The water surfaces represent
the layers of the atmospheric, above the troposphere. 7 is considered as the height of the

troposphere and it is a “constant”, /1 is the scale height at which the atmospheric pressure decreases
with increase in altitude, / is taking as shallow height of the atmosphere and u and v is the zonal
and meridional wind speed along the x-horizontal component and y-vertical component.

There are limitations to the degree to which the system of equations (1) to (3) can represent the
atmosphere, but one step toward more realism is to obtain a mathematical model for the land
surface temperature using the set of equaions (1) to (3) is to define the fluid depth to be consistent
with the boundary layer of the troposphere, so the temperature at this lower atmosphere can varies
with altitude. A very common way to describe the behaviour of temperature and altitude at this
atmosphere layer is by its 'scale height'. Scale height is related to the temperature (T) and mean
molecular mass (m) of the atmosphere as given by the relation:

= Temperature
= Universal gas constant

where

H = Scale Height
i

R

g Gravitational force
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2.3 Boundary conditions for the simulation of Meridional Wind Spee

We need to consider a grid consisting of (M+1) and (N+1) nodes, i.e. 5 x
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top boundary, the values are calculated from 7 (s 12) - 0.

the value of the Meridional wind speed at the hottom of the grid within the
the values so aimed at are obtained from the routine operation of equation
i.e. which operates forward in time starting from i=1 and proceed to i <234

0 (considering M= 4 steps in the interval (0< 4<40))

( . ering N= 4 steps in the interval (0 <7 <12 |

e of wind speed and direction is vital not only for its meteorological
Meteorological Agency is the primary outlet of meteorological data in
ncy started operations in 1937 as the agency responsible for all forms of
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Table 3 is the solution obtained from the simulation of the zonal w
with the difference equation (1.16) using Matlab software. This solu
behavior of the zonal wind velocity along the horizontal distance w
gradual increase in zonal wind speed along the horizontal distance
incorporated into our model equation to validate the model for
temperature, v

o

Table 4: Stimulation result generated for meridional wind vclj Ccity.
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Table 4 is the solution obtained from the stimulation of the meridional wind speed dataset in table
1.1, with the difference equation (1.21) using Matlab software. This solution shows the pass
predicted behavior of the meridional wind velocity along the atmosphere altitude with time. This
result shows gradual increase in zonal wind speed along the vertical distance at a particular time. it
is incorporate into our model equation to validate the model for the prediction of land surface

temperature,

Graphical solution to zonal velocity and meridional velocity at Jhours

Figure 1: Graph of Temperature (°C) against the atmospheric Altitude difference of 20m.

Figure 1: is the graphical solution to the simulation of the difference equation, (17), (1.22) and

(26) with the mean value of the zonal and meridional wind speed presented in table (3) and (4) at
three hours with altitude difference of 20 m, using Mathlab software. Thlsshomﬂ:cmm ":&
bemwnﬂwhndmﬁeewmpaatmmdtheannosphencdhnnefmphmmththem g
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It can be observed from figure 1.5, that the land surface temperature increases as the atmospheric
altitude decreases, also the temperature drops as the altitude increases. It can be see how the
temperature gradually decreases from 37°C to 35.7°C for the altitude Om to 200m.

Graphical solution to zonal velocity and meridional velocity at 6hours
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Figure 2: Graph of Temperature (°C) against the atmospheric altitude difference of 100 m.

Figure 2: is the graphical solution to the stimulation of the difference equation (17), (22) and (26)
with the mean value of the zonal and meridional wind speed presented in tables (3) and (4) with
altitude difference of 100m, using Mathlab software. This shows the relationship between the land
surface temperature and the atmospheric altitude for places with the same zonal and meridional
wind speed with altitude differences of 100m.

['able 6: Predicted temperature extracted from Fig 2

Altitude (m) 120 [ 150 180 [210 240 270 [300 [330 [360

| Temperature (°C) [ 362 [36.0 358 [355 [353 |352 |350 [348 |34.6

[ can be observed from figure 2, that the land surface temperature increases as the atmospheri¢
altitude decreases, also the temperature drops as the altitude increases. It can be see how the
temperature gradually decreases from 37C 1o 30,5"C for the altitude Om to 1000m.
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Graphical solution to zonal velocity and meridional velocity at Ohours
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500m using Mathlab software. This shows the relationship between the land
and the atmospheric altitude for places with the same zonal and meridional
 differences of S00m.




Figure 4: Graph of Temperature (°C) against the atmospheric altitude difference of 1000m

Figure 4: is the graphical solution to the simulation of the difference equation, (17), (22) and (26)
with the mean value of the zonal and meridional wind speed presented in table (3) and (4) with
altitude difference of 1000m using Mathlab software. This shows the relationship between the land

surface temperature and the atmospheric altitude for places with the same zonal and meridional
wind speed with altitude differences of 1000m.

Table 8: Predicted temperature extracted from Fig 4

[ Altitude (m) 3800 | 4000 | 4200 | 4400 |4600 [4800 [5000 |5200 | 5800

Temperature (°C) | 13.1 [11.0 [9.2 7.3 6.4 5.2 4.9 3.0 0.00

It can be observed from figure 4, that the land surface temperature increases as the atmospheric
altitude decreases, also the temperature drops as the altitude increases. It can be seen how the
temperature gradually decreases from 37°C to 3°C for the altitude 0 to 6000m.

4.1 Analysis of Result

From figure | and table 5 the land surface’s temperature varies with the atmospheric altitude and
it can also be observed in figure 1.1that the temperature gradually decreases from 37°C 1035.7°C
for the altitude Om 1o 200m. However, in figure 2 and table 1.6, the temperature decreases from
17°C 10 31.5°C for the altitude Om to 100m while in figure 1.3 and table 7 the temperature decreases
from 37°C 10 4.8°C for the altitude Om to 5000m. From Figure 4 and table 8 , the temperature
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