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Abstract: Troposphere height has extensive interaction with other atmospheric components; it gives a good indication of
what happened inside; therefore, this work tried to investigate the heat rate effect on troposphere height, especially after
the global warming intensity and increased temperature degree rate along the time; thus the study covered 13 years to
understand the real behavior of troposphere. Data for this work was given from the European center for medium-range
weather forecasting (ECMWF) over Baghdad city, the result showed that there is a fluctuation in troposphere height, and
the difference between a higher and lower point in winter was about (120 m), and that was higher than its rate on summer
which was about only (30 m), also the result denoted that the fluctuation frequency becomes lower in the late of the study
period. On the other side, the study found that the coherence between temperature and troposphere height fluctuation
becomes higher in summer than in winter. Still, in general, the troposphere height recorded an increasing trend over time

of the study period.
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|
Introduction

The Troposphere layer is one of four layers involved
in the atmosphere shown in figure 1, and it has a signifi-
cant impact on atmospheric conditions; it is related to other
atmospheric variables it can depend on to understand the
current weather condition according to its height. The tro-
posphere height varies according to its geographic location,
and many studies showed that it becomes higher in tropical
regions. In contrast, it becomes lower in the poles because
of the earth's shape".

The type of orographic surface affects the height of
the troposphere because of its effect on the air column
height above the surface; therefore, it leads to various hei-
ght values of troposphere layer tops?. Also, the seasonal
conditions, such as weather systems, including cyclones,
anticyclones, troughs, ridges, and jet streams, have broad
correlations with troposphere height because of their impact
on sea surface level and wind direction®. It is worth saying
that the dynamical equations are a perfect description of
understanding the movement of the atmospheric air par-
cel. These equations depend on temperature degree as an
input to calculate the thickness of layer*.

dz=-RTdp/ MPg .......cocviniine (1)

Where:

dz: is the total layer height from the surface.

R: is the gas thermodynamic constant.

T layer temperature.

dp: is the pressure changed.

M: is the molar mass.

g: is the gravity.

So the above equation can be applied to calculate the
troposphere height by computing it thickness from the sur-

face depending on the mean temperature of the layer itself,
therefore the idea of this work become to seek the effect
of global warming and the increase in atmospheric tem-
perature on the troposphere height along 13 years period,
especially if we know that the earth surface temperature be-
comes higher as a result of greenhouse gases effect that
becomes higher in the corresponding industrial revolution®.

Many studies focused on the troposphere layer and its
interactions with atmospheric variables, some studies dee-
pened on statistical methods, and other studies depended
on analytic methods, while some recent studies used nu-
merical way; for example, (6) used the statistical way to co-
rrelate between high-velocity wind current with troposphere
height using correlation equations to understand the beha-
vior of troposphere layer in corresponding with wind speed
flowS. Scientist” did research based on analyzing meteoro-
logical maps over one decade to show the height variation
of the troposphere in four seasons to analyze the deviation
and correlate it with atmospheric waves’. another study was
done by (8). It was based on the numerical method of sol-
ving numerical equations using advanced accurate compu-
ter systems by inputting the troposphere and sea surface
height to predict some future atmospheric parameter sta-
tus®. Like the previous study, scientist® attempted to corre-
late the troposphere height and some atmospheric pheno-
mena over (30) years; he found that the highest impact was
from monsoon rain in winter.

-Waste that does not require spatial treatment but is
collected and sorted according to its nature water can be
reused in industrial processes without being wasted in wa-
ter sources.
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Materials and methods

The troposphere height and surface temperature were
calculated from monthly data given by (ECMWF) for Bagh-
dad city in the period from (1990) to (2003), so this study
depended on statistical calculations to get seasonal and
annual averages for each year separately. Then the study
tried to examine and analyze the relationship between the
troposphere height and surface temperature over Baghdad
and their fluctuation over time, especially under the effect of
the increase of global warming over time.

|
Results

The effectiveness of sugarcane beads in improving
the specifications of water contaminated with This study

was based on data given by the European center for me-
dium-range weather forecasting. The period extended for
thirteen years, from (1990) to (2003) to examine the beha-
vior of troposphere layer height yearly over Baghdad; the
annual averages were calculated for each year of the study.
This study also depended on surface data of temperature to
inveterate whether there is a relation between the surface
temperature and troposphere height. Therefore the survey
obtained several related diagrams and statistical results to
show their connection.

When studying the fluctuation of troposphere height in
summer seasons in figure (3), it was found that there was
a difference in behavior as compared with winter, and this
fluctuation in values was about (30) meters which were hi-
gher than it in winter. The change existed between (10800)
meters and (10770) meters. The study found a similarity in
behavior between summer and winter from the fluctuation
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Figure 2. Troposphere height
fluctuation with the trend overall
study years in winter.
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Figure 3. Troposphere height fluctuation with the trend overall study years in summer.
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Figure 4. Relation between temperature and troposphere height along the study years in winter

of the first half of the study period from (1990) to (1998).
Still, there is a difference between them for the second half
of the study period (from 1998 to 2003) in opposition to the
first one, and also, there was an increasing trend of the tro-
posphere height over time.

By attempting to understand the correlation between
the change in troposphere height in summer and winter, the
study reached a correlation between the difference in size

between summer and winter, as shown in figure (6), where
the fluctuation in the troposphere height is highly correlated
between summer and winter with some differences. It's wor-
th mentioning that most of the study years recorded higher
values in height in summer compared to winter, as shown
in figure (7), and this is an expected result caused by heat
expansion for the air layer.
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Figure 5. Relation between temperature and troposphere height along the study years in summer.
10600 10805

B 10795

= 10560

=

D T

E 10790

10540 A

Q

S 10785

3

& 10520 4

= 10780

£ 10500 -

S 10775
10480 1 10770
10460 T T T T T T 10765

1990 1992 1994 1996 1998 2000 2002
years

+

years vs winter troposphere height
years vs summer troposphere height

Figure 6. Comparison between troposphere height fluctuation in winter and summer.
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Figure 7. Troposphere height peak values comparison between winter and summer.

|
Discussion

When comparing the temperature degrees with tropos-
phere height in winter, it's found that there is a simple corre-
lation between them in figure (4), and this is less than it in
summer; figure (5) refers to a more significant correlation,
despite the increase of temperature degrees caused by glo-
bal warming but the height of troposphere layer not affected
at this period of study, and this show that the upper layer is
less involving by surface temperature changes as compa-
red with the lowest layers as it shown in recent studies™. it
is worth mentioning that many studies tried to correlate the
pollutant emission and troposphere layer stability depen-
ding on the temperature effect on the air mass that varies
between summer and winter'. The study reached a corre-
lation between the change in height between summer and
winter, as shown in figure (12), by attempting to understand
the correlation between the change in troposphere height in
summer and winter. Besides, the fluctuation in the tropos-
phere height is highly correlated between summer and win-
ter with some differences. It's worth referring to that most of
the study years recorded higher values in size in summer as
compared with winter, as shown in figure (13), and this is an
expected result caused by heat expansion for air layer' 5.

|
Conclusions

Baghdad's surface temperature has increased over
time as a result of global warming, and this fluctuation in-
crement corresponds with the fluctuation of troposphere
height along the study period from the year (1990) to the

year (2003). Therefore the result showed that the heat-in-
creasing rate affects the troposphere layer. The fluctuation
of troposphere height in winter reach about (120 m) which
is higher than its rate in summer, which reaches about (30)
m, also the first (7 years) of study has a higher fluctuation
frequency with a lower gradient as compared with rest late
other years of the study that have lower frequency with hi-
gher gradient rate. The study found a similarity in the beha-
vior between summer and winter from the fluctuation beha-
vior in the first half of the study period to the second half.
Also, the heat expansion of air caused by temperature in-
crease led to a record higher value of summer troposphere
height as compared with winter in all years, and worth to say
that the troposphere has an increasing height trend overall
over the time of the study period.
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