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Abstract

The danger of the El Nino southern oscillation (ENSO) over tropical pacific might be heading for an all-time
high. Eighty-five years (1931-2015) surface temperature dataset from Goddard Institute for Space Studies
(GISS) over Inhambane-Mozambique were used for this study. The dataset was analyzed using the
computational and statistical technique. The maximum monthly surface temperature that was recorded
within eighty-five years was given as 16 °C (January - 1990), 21.4 °C (February - 2006), 26.3 °C (March - 2010),
32.7 °C (April - 2010), 35.2 °C (May - 1978), 36.2 °C (June - 2012), 34.8 °C (July - 2002), 32.4 °C (August - 1987),
31.2 °C (September - 1987), 28.7 °C (October - 1951), 22.1 °C (November - 1977 & 20n) and 17.6 °C (December -
2013). From the study, it was discovered that droughts over Mozambique and parts of Southern Africa were
not caused by certain extreme ENSO. Rather, the drought was caused by series of continuous processes
(extreme weather conditions) that influence certain atmospheric conditions.

Keyword: Surface temperature, weather conditions, climate change

1. Introduction

Surface temperature analysis could be associated with many events that are directly or indirectly
contributive to its increase or decrease over the years. Climate change is the most influential of all
direct factors that affects surface temperature. Estimating the role of climate change and its influence
on the global mean surface temperature is very confusing i.e. looking at the accuracy level of
measurement and validation of surface temperature data set. For example, 75% of the surface
temperature dataset was missing around 1990 i.e. owing to bias towards higher-latitude and higher-
altitude. Hence, the reality of the Earth’s surface warming faster than the lower troposphere in the
tropics maybe a major challenge on dataset validation.

The altitudinal temperature profile is very essential when considering dataset validation
(Christy et al., 2000; Douglass et al., 2004). For example, two types of resolutions i.e. 1200 km and 250
km has shown global mean anomaly at 0.51 °C and 0.44 °C. Hansen et al. (2010) suggested that the
1200 km resolution analysis is more accurate for estimating anomalies in Africa, Canada, Siberia, and
the Arctic.Four most renowned organization that publish global surface temperature dataset are
Remote Sensing Systems (RSS) at University of Alabama- Huntsville, NOAA’s National Climatic Data
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Center (NCDC), NASA’s Goddard Institute for Space Studies (GISS/ GISTEMP), and the University of
East Anglia’s Climatic Research Unit (CRU). In this study, the GISS dataset was used because of its
established validation (Reynolds and Smith, 1994; Smith et al., 2008).

According to GISS analysis, the year 201 was the gth warmest because it had an extreme El
Nino. Based on this understanding, it is essential to review both the direct and indirect influence of
the Southern Oscillation (El Nino-La Nina cycle) and the solar cycle (Miguel et al., 1998). The severity
of the ENSO varies with geographical regions. However, it was propounded in this study that there
are unknown factors that influence ENSO. In this paper, 85 year's dataset were analyzed to establish
known facts and new hypothesis. This research focused on Mozambique. Logically, the result also
extends to Southern Africa.

Fluctuations in Southern Africa's seasonal rains and surface temperature were linked to the El
Nifio Southern Oscillation. There are two types of El Nino impact on the precipitation system of
Southern Africa (Ropelewski and Halpert, 1987) i.e. Eastern equatorial Africa precipitation system
(leading to increased rainfall) and South Eastern Africa precipitation system (leading to decreased
rainfall). This was the scientific explanation for major droughts that occurred in 1983, 1992, 1994 and
1995 (Benson and Edward, 1998). In Mozambique, the severe drought that occurred between 1991 and
1992 were related to ENSO (Epstein and Chikwenhere, 1994). In the second and third section of this
study, it was established that signs of the extreme El Nifio events that led to the aforementioned
drought is replaying in recent times.

Records show that the last two severe droughts in Mozambique occurred during the El Nifio
events of 1982-84 and 1991-92. The latter prolonged to 1995 (Msengezi, 1992). The most affected
provinces were Inhambane, Gaza, and Maputo (southern region of Mozambique). Forecasting ENSO
in southern Africa has only achieved a lead time of up to one year (Cain et al., 1996). The surface
temperature dataset used for this research were obtained in Inhambane between 1931 and 2015.
Inhambane is located on the coast of southern Mozambique. It has an area of 68,615 km* and
population of 1,412,349 (Figure 1). The objective of this study is to observe the current trend of
extreme surface temperature trends over the study area.

INHAMBANE
BARRA

Figure 1: Map of Inhambane-Mozambique (Unknown, 2017)
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2. Methodology

The surface temperature dataset from 1931-2015 were obtained from the GISS. The set-up and
operational modalities of the GISS can be found in existing literatures (Hansen et al., 1999; Hansen et
al., 2001). The computational analysis for 1931 was done to examine the effect of the predictive model
from the variables obtained from the curve-fitting technique. The predictive calculations for 2, 5 and
10 years were carried-out to see if the dataset from 1931-1941 can be used to computationally predict
events in a more specific and uniform pattern.

Secondly, the trends of the computational model were observed for three decades i.e. 1942-1943,
1953-1954 and 1965-1966. The objective of this technique is to observe the non-influenced southern
oscillation years. This activity would help to comprehend the unknown factors that may exist in the
study area. Hence, monthly analysis was carried-out for some selected months within 1931-1965. The
months were November, October, September, May and March. These months are active months
known for increased anthropogenic activities that lead to the release of greenhouse gases and
aerosols into the environment (Emetere et al., 2016; Emetere, 2016). Hence, the second objective of
this technique is to verify the influence of ENSO on the surface temperature of the research site. This
was accomplished via an accurate estimation of percentages for each succeeding years.

Thirdly, the computational analysis for every decade beginning from 1931 to 2015 was
investigated. This technique shed more insight on the different trends of surface temperature for a
group of ten years within nine decades. The elementary statistics were used for each group to identify
the most active group. This idea was initiated to refute or strengthen the idea of southern oscillation
on the surface temperatures in southern Africa.

Lastly, a statistical analysis was carried-out to strengthen or clarify any observations that would
be obtained from the aforementioned techniques. In the statistical analysis, the thermal distribution
were considered i.e. beta probability distribution (Weisstein, 2009) as shown in equations 1:

— T~ Tiow A
Thigh—Tiow

T; is the inputted temperature, T}, is the lowest temperature in the year/month, Ty, is the
highest temperature in the year/month. This technique was adopted for the year 2000-2015. A linear
regression was carried-out. Alongside the linear regression, the residual analysis was done to further
understand why 201 was regarded as the ninth warmest year and the possibility of obtaining a
warmer year over the study area.

3. Results and Discussion

The general trend of 1931 was higher temperature between April and September. The highest surface
temperature (ST) was observed in the month of June (Figure 2a). Using the polynomial curve fitting,
the coefficient of the polynomic equation was obtained. The coefficient that was obtained was used
to calculate the surface temperature for two years (Figure 2b). From the result, it was expected that
the early months in 1932 may have higher temperatures than 1933.
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Figure 2: Surface temperature in 1931 (a) monthly performance for 1931 (b) two years prediction of

surface temperature (c) five years prediction of surface temperature (d) ten years prediction of
surface temperature

The projection was accurate i.e. compared with the GISS dataset. In year 1932, the minimum and
maximum temperature was 14.4 C and 35.3 °C respectively; while in 1933, the minimum and
maximum temperature was 12.0 °C and 32.1 °C respectively. The projection was then extended to 5
years (Figure 2c). It was expected that after the initial depreciation in 1933, the surface temperature
would appreciate steadily till 1936. This projection was also validated by the GISS dataset whose
surface temperatures for 1933, 1934, 1935 and 1936 were 32.1 °C , 32.4 °C , 34.8 °C  and 34.5 °C
respectively. Hence, the polynomial projections were adjudged accurate from the initial estimations.

Lastly, the calculation and simulation for a ten years’ event using the polynomial technique is

shown in Figure 2d. It shows that a continuous rise is expected-such that the highest surface
temperature would be in 1940. Though the GISS dataset showed that the highest surface temperature
was in 1938 (34.7 °C), the surface temperature for the year 1940 was 34.6 °C. Hence, we expect some
level of inadequacies when we use the computational studies alone. However, the computational
studies show that yearly rise of 11.2% is expected if there are no major climatic perturbations.

Upon this understanding, we examined three decades to see if the projections are true. From
the general trend shown in Figure 2a, we expect that the surface temperature changes every May.
This is because of the raining season. Hence, seventeen months’ dataset were considered because
emphasis on the month of May. The results in 1942-1943 (Figure 3a), 1953-1954 (Figure 3b) and 1965-
1966 (Figure 3c) showed that the surface temperatures were reduced by 3.13%, 3.13% and 6.45%
respectively. This results supports that there are influences of climatic forces on the surface
temperature.

To further understand the differentials changes over eighty-five years, we analyzed each month
between 1931-2015 as an entity. January had the lowest standard deviation (0.9582) and coefficient of
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variation (0.07002); September had the highest standard deviation (4.504); October had the highest
coefficient of variation (0.19631). The maximum surface temperature for each month and the

corresponding year is given as 16 °C (January - 1990), 21.4 °C (February - 2006), 26.3 °C (March - 2010),
32.7 °C (April - 2010), 35.2 °C (May - 1978), 36.2 °C (June - 2012), 34.8 °C (July - 2002), 32.4 °C (August -
1987), 31.2 °C (September - 1987), 28.7 °C (October - 1951), 22.1 °C (November - 1977 & 2011) and 17.6 °C

(December - 2013).

The mean surface temperature for January, February, March, April, May, June, July, August,
September, October, November and December are given as 13.68 °C, 16.52 °C, 21.7 °C, 28.06 °C, 32.13
°C, 32.98 °C, 30.43 °C, 29.31 °C, 28.29 °C, 24.82 °C and 19.58 °C respectively.
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Figure 3: Surface temperature validation (a) for 1942-1943 (b) for 1953-1954 (c) for 1965-1966

The years between 1931-2015 were then divided into a group of ten years (Figures 4a - i) and were
statistically analyzed (Table 1). A limit for the maximum temperature was set at > 34 °C. The
cumulative average of all the years is given at 24.38 °C. Hence, the formula below was adopted to

calculate the percentage increase or decrease of mean surface temperature:

T-24.38
= Zaas X 100%

where T is the temperature for each year.

Figure 4a represents the ST from 1931-1940. Seven out of the ten years had a maximum
temperature that was above the set limit. This means that a major climatic event might have occurred
within 1931 to 1940. The maximum percentage increase occurred in 1938 i.e. 2.47%. The average increase
in temperature within the given year was 1.69%. From simulation, the year 1940 had the maximum
distribution with a slight temperature increase of 0.59%. The high surface temperatures that span seven
years was as a result of the tropical cyclone (TC) and intensities that lasted within the period of 1931 to
1943. In addition to the known facts, strong El Nifio events occurred in 1931 and 1932. Also, strong La

Nifia events occurred in 1933, 1934, 1938 and 1939 (NOAA, 2017). Hence, 1933 and 1934 had a reduced
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surface temperature of 3.43% and 0.52% respectively (see Table 1). This shows that the La Nifio cycle
that ought to span a minimum of 5 years maybe lower or higher at certain prevailing conditions.

Figure 4b shows a group of ten years ranging from 1941 to 1950. Within this range, eighth of the year had
high surface temperature which is traceable to the tropical cyclone. The record for the year 1943 was
surprisingly low compared to the other years within the group. The increased surface temperature from
1947 through to 1950 was adduced to hurricane activities that occurred from 1944 through 1953
(Goldenberg et al., 2001). The cumulative increase in surface temperature within 1941 to 1950 is given as
10.12%. The year 1941 had the highest surface temperature increase of 5.4%. This result may be an
extensive influence of the tropical cyclone. All the years between 1941 and 1949 are almost of same
magnitude except for 1950 that had a reduced surface temperature of 2.1%. The distribution for all the
years (Figure 4¢) was almost uniform with an increase in the surface temperature at about 20.5%.
Between 1951-1960, six out of ten years had maximum surface temperature. This result coincides with
the El Nino activities that occurred in 1951, 1957, 1958 and 1959 (NOAA, 2017). El Nina occurred between
1954 and 1956. We believe that this event sustained the increase in the surface temperature except for
1957 where it reduced by 1.13%. The highest surface temperature for October in the eighty-five years’
analysis was in 1951. This means that the El Nino in 1951 was the most severe in eighty-five years.
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Figure 4: decade grouping of surface temperature performance between 1931 and 2015 (a) analysis
from 1931-1940 (b) analysis from 1941-1950 (c) analysis from 1951-1960 (d) analysis from 1961-1970 (e)

analysis from 1971-1980 (f) analysis from 1981-1990 (g) analysis from 1991-2000 (h) analysis from 2001-
2010 (i) analysis from 2011-2015

The surface distribution between the year 1961 and 1970 is almost uniform (i.e. with a cumulative
decrease of 2.58%). Only three years within 1961-1970 had a maximum surface temperature (>34 °C)
i.e. 1965, 1967 and 1969. Also, only four years experienced an increase in surface temperature i.e. 1962
(0.18%), 1963 (0.67%), 1969 (2.88%) and 1970 (1%). 1967 had the lowest cumulative surface
temperature decrease of 1.5%. Like the previous decade, the surface distribution between the year
1971 and 1980 was almost uniform (i.e. with a cumulative increase of 9.89%). Like the previous
decade, only three years had maximum surface temperature with an increase percentage given as
1974 (0.84%), 1978 (0.89%) and 1980 (3.4%). However, it was observed that some years had maximum
surface temperature with reduced cumulative performance. For example, 1965 was one of the years of
high surface temperature with a reduced percentage of 0.23% (see Table 1). The records of the El Nino
showed that it occurred in the year 1971, 1972, 1976, 1977 and 1978; while the El Nina occurred in 1971,
1974, 1975 and 1976 (NOAA, 2017). The highest surface temperature for May and November within
eighty-five years occurred in 1978 and 1977 respectively. This means that the El Nino was most severe
in eighty-five years in the months of May and November. Also, it was observed statistically that the
years within 1961-1980 had low influence of climatic perturbations (Figure 4d,e).

The years i.e. 1981-1990 had a non-uniform surface temperature distribution as shown in Figure
4f. The surface temperature increased within the given years to 21.1%. This group had the most
statistical relevance. For example, the highest mean, minimum and maximum temperature was found
in 1987 and 1988; five out of ten years had surface temperature above 34 °C; four out of the five years
had considerably high minimum and maximum surface temperature (Table 1). Unfortunately, 1986 do
not have statistical relevance because it had high mean surface temperature with different feature
from the other years (Figure 4f). It was observed that almost the same trend exists between 1991-2000.
The cumulative surface temperature increase was about 19.3%. More significant is the scanty data
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that was noticed in 1996 (Figure 4g) i.e. leading to an all-time low of about 70%. Thus, only that year
was discarded from the cumulative analysis of the group of years.

Table 1a: Statistical Analysis of the surface Temperature 1931-1970

Number of values
Minimum

Maximum

Mean

Standard deviation
Coefficient of variation
Percentage

Number of values
Minimum

Maximum

Mean

Standard deviation
Coefficient of variation
Percentage

Number of values
Minimum

Maximum

Mean

Standard deviation
Coefficient of variation
Percentage

MNumber of values
Minimum

Maximum

Mean

Standard deviation
Coefficient of variation
Percentage

Table 1b: Statistical Analysis of the surface Temperature
1971 1972 1973 1974 1976
Numberof values 12 12 12 12 12
Minimum 127 138 131 135 128
Maximum 318 344 B’B 327  B5
Mean 2418 2458 2472 245 2422
Standarddeviation 5454 7195 7338 7321 7059
Coefficient of variation 026698 029279 029679 029761 029141
Percentage 08033 0837592 1411931 091964 -06BB
1981 1982 1983 1984 1985
Numberof values 12 12 12 12 12
Minimum 142 142 132 13 14
Maximum 343 328 B3 M7 N7
Mean 2495 2435 2393 2496 2521
Standarddeviation 7104 6792 6699 7409 6752
Coeffcient of variation 028474 027895 027991 029687 026823
Percentage 235489 -0.10597 -182898 236513 3422119
1991 1992 1993 1994 1995
Number of values 12 12 12 12 12
Minimum 1386 147 142 148 133
Maximum 34 341 338 343 352
Mean 2488 2479 2507 2492 2502
Standarddeviation 7198 6733 6823 6858  7.333
Coeffcient ofvariation 028811 027158 027617 026722 029311
Percentage 2478562 1699101 284778 2.232416 2642659 -
2001 2002 2003 2004 2005
Number of values 12 12 12 12 12
Minimum 131 14 0 134 138
Maximum 322 348 M3 B 341
Mean 2511 257 2266 2551 2478
Standarddeviion 6804  7.408 1028 8921  6.009

Coefficient of variation 0.271

Percentage

1931 1932 1933

1934 1936 1936 1937 1938 1939 1940
12 12 12 12 12 12 12 12 12 12
149 144 12 124 123 128 13 132 145 138
348 353 321 324 348 345 335 347 345 346
24.72 24.76 2354 2425 243 2423 2418 2498 2468 2452
7.407 7138 6.406 6.788 7225 6.958 7374 783 7.241 7.346
029966 028832 027212 027992 029721 028712 030492 031342 029337 029962

1411931 157028 -3.42893 -051621 -0.27006 -0.5982% -080338

1941 1942 1943 1944 1945
12 12 12 12 12

128 124 14 131 18
344 348 331 343 347
2569 2462 24.44 243 2415
7.497 7332 6.566 7.0M 7.625
020179 029775 026864 029088 031572
5.391283 1.001689 0.253X53 -0.27006 -09%45
1951 1952 1953 1954 1955
12 12 12 12 12

132 15 1386 132 138
332 33 342 343 3456
24.96 253 2548 2499 2448
7211 6.749 6619 7439 6.838
028893 026675 025975 029767 027927
2396513 3.79133 4529774 2519586 0.4275
1961 1962 1963 1964 1966
12 12 12 12 12
123 124 124 18 1441

33 338 328 335 345
239 24.42 2454 2389 2432
7.374 7.305 M3 6971 6.75
030852 029918 028578 029177 027757
-195206 0.181204 0673495 -199308 -0.22904

026824 045364
3011877 5.432307 -703806

77

027132 027877
4652847 1658077

1946 1947 1948
12 12 12
1349 13 126
33 357 346
2457 2509 2462
6.954 7.612 7.789
028305 030338 03164
0.796568 2929828 1.001689
1956 1957 1958
12 12 12
14 133 152
341 3341 345
2478 2441 2494
7138 6.929 6.863
028811 028752 027517
1658077 -1.13157 2314465
1966 1967 1968
12 12 12
1386 123 129
32 341 336
2412 24.m 2423
7228 6.784 77

029972 028255 0.29602
-1.04952 -150079 -0.5982%

1971-20130
1976 1977 1978
12 12 12
149 137 138
35 36 352
2453 2454 2459
6267 6025 7482

025546 024548 029204

0632471 0673495 0878616
1986 1987 1988
12 12 12

138 146 154

33 345 347
2459 2594 2537
6874 7192 6.655
027953 027723 0.26234
0878616 6.416889 4078507
1996 1997 1998
12 12 12

0 128 132
144 N5 336
2383 238 24 87
5566 7147 7.282
233557 030027 029284
90,2239 -2.3623 202785
2008 2007 2008
12 12 12

147 142 136
32 334 H

255 2529 2504
6191 7012 5396

024276 027726 02554

2478562 1.247834 0591447

1949 1950
12 12

142 131
343 342

24 .87 2387
7219 7.39
02903 0.30966
2027295 -207513
1959 1960
12 12

13.7 136
344 346
24.95 24.77
7.061 6.869

028302 027734
2355489 1617053

1969 1870
12 12
139 145
348 27
25.08 2462
6.81 6,859

027159 027855
2888804 1.001689

1979 1980
12 12
148 139
32 342
25 2521
6.773 7.022

027092 027858
256061 3422119

1989 1990
12 12
132 158
328 34
2472 2487
7.249 6579

020328 0.26455
1411931 202725

1999 2000
12 12

133 139
333 342
255 2518
7.257 7211
028461 028845

4611822 3.299047

2009 2010
12 12
154 137
45 347
2593 2613
5881 7339

026543 028082

4611822 3.750313 2724707 6.375865 7.19635
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Table 1: Statistical Analysis of the surface Temperature 1971-2010

2011 2012 2013 2014 2015
Number of values 12 12 12 12 12
Minimum 12.9 o 12.5 13.8 o
Maximum 33.4 36.2 33.8 34.7 33.3
Mean 25.29 23.5 25.19 25.12 17.35
Standard deviation 6.862 10.57 7.008 7.418 14.09
Coefficient of variation 0.27132 0.44961 0.2782 0.29535 0.81193
Percentage 3.750313 -3.59303 3.340071 3.052901 -28.8229

Table 2: Statistical Analysis of the surface Temperature 2001-2015

Type P, P, STD 1 STD 2 R*

$1&S2 0.97635 -0.051338 0.3562 0.3561 0.98
S$1&S3 0.54356 0.31885 0.3562 0.2997 0.54
S$1&S4 0.97424 0.0052584 0.3562 0.3531 0.97
S$1&Ss5 0.92925 -0.043178 0.3562 0.3403 0.93
$1&S6 0.1919 1.558e-08 0.3562 0.3579 0.99
S$1&S7 1.0288 -0.05998 0.3562 0.371 1

S$1&S8 1.0167 0.018375 0.3562 0.3676 1

$1&S9 0.99271 -0.073079 0.3562 0.3603 0.99
S1&S10 0.94381 -0.0013167 0.3562 0.3495 0.827
$1&S11 0.93361 0.017501 0.3562 0.3347 0.93
$1&S12 0.63222 0.25169 0.3562 0.2919 0.63
S$1&S13 0.91304 0.021818 0.3562 0.329 0.91
S1&S14 0.97984 -0.074564 0.3562 0.3549 0.98
$1&S15 0.59928 0.14425 0.3562 0.423 0.60

The years 2000-2010 and 2011-2015 had the highest mean in eighty-five years (Table 1). The cumulative
increase between 2000 and 2010 is given as 32.4% while the cumulative increase between 20m and
2014 is given as 6.55% (Figure 4h,i). The realities of climate change are more significant in recent
years, hence, the regression analysis using the beta probability distribution was carried-out to
estimate the minute changes expected.

The regression analysis for the entire outcome showed high correlation (Table 2). The residual
plot for each of the regression analysis -alongside the regression plot is shown in Figures 5a to n. The
undulating nature of the residual plot suggests high climatic disturbances. Figures sb, j, k and 1 had
minimum perturbations. These results do not have any unique relation to the surface temperature
(ST) statistically. However, the residual plots were related to the strong El Nifio weather cycle and
climate change [17]. For example, the minimum perturbations were noticed in 2001 (Figure 5b), 2010
(Figure 5j), 20u (Figure 5k) and 2012 (Figure 51) which had very strong El Nino influence.

Figures sh, i and n had the most undulating features in the fifteen years’ analysis. The years
involved were 2008, 2009 and 2015 whose increase in ST is given as 2.7%, 6.4% and 5.2% respectively.
Also, it was established that the signatures of severe ENSO that occurred within 1938-1950 is
replaying within 2000-2015. Hence, life-form should expect a severe weather conditions in the nearest
future. Already, the study site had experienced intense drought at earliest stages of 2015 to mid 2016
agricultural season. Hence, highest undulating features of residual plots simply herald a tortuous
period for life forms. Though scientists claimed that drought is basically caused by El Nino events of
the last 50 years, this research establishes that a severe weather conditions have been sustained over
the research site for over 85 years.
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Figure 5: The regression analysis and residual plots for surface temperature events from 2001-2015.

4. Conclusions

From the above analysis, droughts over Mozambique and some parts of Southern Africa, is not

caused by certain extreme ENSO but a sustained severe weather conditions. Hence, drought over the

research site is a product of consistent severe weather conditions that influence certain atmospheric
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conditions that leads to severe El Nino. Also, it was observed that the surface temperature signatures
of severe ENSO that occurred within 1938-1950 are replaying within 2000-2015. Hence, severe ENSO
may occur in the nearest future.

The years 2000-2010 and 201-2015 had the highest mean in eighty-five years (Table 1). The
cumulative increase between 2000 and 2010 is given as 32.4% while the cumulative increase between
2011 and 2014 is given as 6.55%. The meteorological implication on the location is more droughts in
the coming decade except serious palliative measures to reduce its effect are urgently executed.
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