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Abstract

In this pa icti

Analyﬁia?iﬁe:lz gOI;vniItl}llattgd a model f(?r the prediction of Land Surface Temperature (LST) using the

P g meridi:)nal e edlncorpor:itl,?n of atmo‘spheric scale height. The following parameters were

oy ;avitat' e n 3 s;};)eed v", scale height of pressure difference “H”, coriolis force i
58 tonal force “g” and temperature “7. The novelty of this study centers on the attemp;

eyw . p £ £

Weather prediction is an essential method for meteorologists to forecast the weather and lead to more
precision in forecasting. Since the weather is a complex and chaotic system, numerical weather
prediction also displays a high complexity. Although most people do not know how weather prediction

works, they are highly interested in the results, presented by TV weathermen or accessible through the

Internet (Albrecht, ef al., 2016; Nycander and Doos, 2003)
Land Surface Temperatﬁre (LST) is an important variable in climate, Hydrologic, Ecological,
'Biophysi¢al and Biochenﬁcai étudie‘s (Adlandsvik, 2008). LST plays a key role inmodeling the surface

‘ . . . . ¥ e . ture,
energy balance and has a substantial impact on analyzing the heat-related issues such as soil mois

evapotrahspiration and urban heat islands (Alexander and Arblaster, 2009; Hallberg and Rhines, 2016),

Batteen and Han (1981) considered a Smoothed Particle Hydrodynamics (SPH) approaches were used
break flows at

to solve Shallow Water Equations (SWEs), and this is used to study practical dam-
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Sc?uth—Gate Gorges Reservoir. The model is first tested on two benchmark collapses of water columns
- With the existence of downstream obstacle. Subsequently the model is applied to forecast a prototype
dam-break flood, which might occur in South-Gate Gorges Reservoir area of Qinghai Province, China.
It shows that the SWE-SPH modeling approach could prm;ide a promising simulation tool for practical
dam-break flows in engineering scale.

In remote sensing land surface temperature data are usually obtained through the weather satellite, the
satellite does not measure the temperature directly; it only scans through the atmosphere and measure
the radiant of the sun. A retrieval algorithm is used to obtain the temperature data from the satellite.
However, direct estimation of LST from the radiation emitted in the TIR spectral region is difficult to
perform with correct accuracy by the satellite, since the radiances measured by the radiometers onboard
satellites depend not only on surface parameters (temperature and emissivity) but also on atmospheric

effects (Buhler, 1998; Nelson and Markley, 2014)

This necessitated an analytical approach for the prediction of Land Surface Temperature using shallow

water equation.
2.1 Model Development

2.2 Shallow Water Equation

The two-dimension form of shallow water equation as given by (Mesinger and Arakawa, 2017)

is considered
o, e =0 | T
ot Ox Ox
o u® gy fu=0 @
ot Ox oy
(3)

oh Ooh OH  ,0u _
a:*”')x”ay”’ax 0
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oy = Sy (4)
where,

U represents velocity component in the x+ direction

v represents velocity component in the y- direction

h represents depth of the fluid

f represents Coriolis force

t represents time

T represents temperature

g represents acceleration due to gravity

U represents average mean wind speed of the atmosphere.

Equation (1) is the momentum equation for u# along the x-axis
Equation (2) is the momentum equation for v along the y-axis

Equation (3) is the continuity equation

3.0 ' Model Formulation

To obtain a mathematical model for the Land surface temperature using the set of equaion (1) to (4) 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 behavior of
temperature and altitude at this atmosphere layer is by its 'scale height'. Scale height is related to the
temperature (7) and mean molecular mass (m) of the atmosphere given by the formula:

=%k 5)
g

where

H Scale Height

T = Temperature

R ~ Universal gas constant

g e Gravitational force
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Equation (5) 1s incorporated i
- nto the mod ; .
within the atmosphere. el formulation due to the existence of various gaseous element

By differentiating equation (5) with respect to y, yield -

oH _ROT
oy 8% e
o oH .
substituting__ ___ for ___ in equation (4
g oy =
oT U

/R )

TQ“{epresentI%he behavior of th : .
there is a need. to con(s:i der the tee ggle(;t"églllrer? in other to derive a model for the land surface temperature

ease in altitude. Com apse rate “Y’at which tempera
HL% to %e bine equation (3) and (3) taking ]t]w Si'lm%\; ﬂ'tl:rieglclitccg e %;Ntrlr_lt%sphere
constant; this leads to a new continuity equations.

i{_{_uau_ﬁ}:O ' R N

o ax

_+u?_‘i'+ﬁ4=0 :
ot Ox ©)
Mo s¥ oy (10)
oy R

where;

Equation (8) represent momentum equation for
Equation (9) represent momentum equation for v-

Equation (10) represent lapse rate equation _
To obtain solution for our model equation, we consider the analytical method of solution.

3.1 Analytical Method

In this section we employ an analytical method for the solution of our model equation.

Equation (8) , (9) and (10), can be writtenas -

e (11)

dr ;

& (12)

dt K -

Let 0<f<<1, and suppose the solution (u, v) can be expressed in series form as: 5

u(x,t) = uo(x,t) + fin () + oo (
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cam 0
Thus
V1(x t) = ==l (24)
Substituting equation (21), (22), (2
, (23
e me ), (23) and (24) into equation (13) and (14), respectively y;;ds,
v =v. = fut ( ).
| . 26

Integrating equation (10) with respect to y, yields =

aT U

—==(f_ +

- = +1)# @) e
analytic solution to our model equations (8), (9) and (10) is giving as; |
ux,t) =u,— fut . , , 28
VX)) =v.— ful .‘ ((29;

w

Ty =To - (f-R +7)¢ ' (30)

3.2 Data Consideration

The following data for the evaluation of our analytical solution where considered

Uo = 0.8, initial value for zonal wind speed

Vo = 5.4 initial value for meridional wind speed
t = 3.0 time

To = 37°C

¥ = 0.0065

R = 8.3144598

Ubar “& ”*product of the mean value of zonal and meridional wind speed, and is giving

Ui ZW |
Z +—f0r1—12 n ‘ €Dy
n n

4.0 Results

u=

This section shows the graphical solution obtained from the simulation of the equations (28), (29) and

(30).
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Figure 2: Graph of Temperature (°C) against the atmospheric altitude (m).
‘igure 2 is the graphical solution to the stimulation of the equations (28), (29) and (30) with the mean
;alue of the zonal and meridional wind speed, using Matlab software.

[able 2: Predicted temperature extracted from figure 2

Altitude (m) 100 200 300 400 500 600 700 800 900

36.40 35.80 35.00 34.51 33.92 3320 3250 31.80 31.20

Temperature("C)

It can be observed from table 2, that the land surface temperature decreases as the atmospheric altitude

increases, also the temperature increases as the altitude decreases. It can be see how the temperature

gradually decreases from 36.40°C to 3 1.20C for the altitude Om to 1000m.
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