GLOBE INTERNATIONAL VIRTUAL SCIENCE SYMPOSIUM

PROJECT TITLE

DETERMINING HOW WEATHER CONDITIONS AFFECT MALARIA
OCCURRENCE AND MAIZE YIELDS IN HOMABAY, KENYA USING NDVI.

NAME OF
SCHOOL

Shree Swaminarayan Academy, Mombasa.

STUDENTS NAME

MANAL G. AHMED & MOHAMMED HAJI

INTRODUCTION

Normalized Difference Vegetation Index (NDVI) is a remote sensing technology that is
used to determine the amount of vegetation cover on the earth’s surface. It is important
to determine vegetation cover on the earth’s surface because any changes on vegetation
cover affects our health, economy and environment. In an effort to monitor major
fluctuations in vegetation and understand how they affect the environment, 20 years
ago Earth scientists began using satellite remote sensors to measure and map the
density of green vegetation over the Earth. Using NOAA’s Advanced Very High
Resolution Radiometer (AVHRR), scientists have been collecting images of our
planet’s surface.

NDV1 is useful for farmers as it helps them monitor and manage their farms remotely,
and can predict climate changes such as drought. Since NDV1 determines vegetation
cover, it can also be correlated with incidences of vector borne diseases such as
malaria, which is transmitted by the mosquito.

In this study, normalized data from the weather station located at Homa Bay High
School (0.5379° S, 34.4600° E), in Homa Bay County, was used to determine whether
there was a correlation between NDVI and malaria occurrence with weather conditions
(precipitation, humidity and temperature) in Homa Bay County during the period
between January, 2017 and February, 2018.

NDVI is calculated by near-infrared radiation (NIR) minus visible radiation (Red)
divided by near-infrared radiation plus visible radiation (Earth observatory, NASA,
2000). The result generates a value between -1 and +1.

A value of zero means no vegetation (e.g. tundra or desert) and close to +1 (0.8-0.9)
indicates the highest possible density of green leaves (e.g. forest).

NDVI technology is therefore a very useful tool for monitoring health of crops by
farmers and also to monitor incidences of vector borne diseases such as malaria in
malaria endemic regions.

METHOODS

2.1 Data collection for NDVI, weather parameters and malaria occurrence.

Raw and normalized data from the weather station located at Homa Bay High School
(0.5379° S, 34.4600° E) between January 2017 and February 2018 was obtained from
the Regional Centre for Mapping of Resources for Development (RCMRD). The data
included temperature, humidity, precipitation, pressure, radiation, wind speed, NDVI
and malaria occurrence.

Raw data is presented in Table 1 while the normalized data is presented in Table 2 (see
project report).




Table 1: Raw data of weather parameters and malaria occurrence collected from the weather station

located at Homa Bayv High School. (Source: RCMRD)

AutomaticWeather Station Datalaggregated to Montly)
DateTime| Site Name huHidity  |Precipitation| Pressure |Radiation| Temp |Windspeed| Malaria
2017 Jan |TADOD31 |Homa Bay High School | 57.96236559| 0.623655091| 87 89954 239.8129| 24.829g6| -12 2B6976 45195
2017 Feb |TADOO31 |Homa Bay High School | 65.13541667| 0.61160714| 8791533 248.9524| 24 57853 -102 99347 350208
2017 Mar |[TADOD31 |Homa Bay High School | 68.78734859| 104306864| 879202 262.3542| 24 59635 -510 12552 32924
2017 Apr |TADDD31 [Homa Bay High School | 69.58333333| 065694444| B7.96872| 238.3051| 24.06767| -360.02821 32599
2017 May|TADOD31 |Homa Bay High School | 77.07795699| 161962366 88 108966| 221.1212| 22 85399 -200 7326 52231
2017 Jun |TADDDO31 [Homa Bay High School | 6858888889 041111111| 88 11208| 229.3145 7358654 -165.5884 316208
2017Jul |TADDO31 |HomaBay High School | 71.64516129) 004973118 B819538| 200.9733| 22.80532| -429.14(85 25561
2017 Aug |TADDD31 |Homa Bay High School | 69.74596774| 0.25672043| 8808913| 216.3381| 2320805 0.87690E6 178597
2017 5ep |TADDO3L |Homa Bay High School | 72.66527778| 067083333 BE.0E786| 219.7303| 22.90224| -B1B 48678 20145
2017 Oct |TADDDO31 |Homa Bay High School | 7167607527 036424731 87.98101| 238.0995( 23.62642| -509.85464 17773
2017 Nov | TADDD31 [Homa Bay High School 75.1625| 0.75| B7.95803| 213.1151] 22 51647 -485.09522 30703
2017 Dec |TADDD31 [Homa Bay High School | 66.25541667| 034408602 36.41874| 241.1095( 24.24499| -38.116156 25341
2018Jan |TADOO31 |Homa Bay High School | 63.68426075| 015860215 4654321 207.7534 23 697 -2364.1936 44E4 0
2018 Feb |TADDD3L [HomaBay High School | 58.80205357| 0.4389881| 63.53458| 239.578| 25.60705 -9588 33645

The raw data was normalized using the formula: Normalized = (x-min)/(max-min)
where:

X is the value to be normalized within a particular data set

min is the minimum value within the data set and max is the maximum value within the
data set.

2.2 Data collection on maize yield

Data on annual maize yield was collected from Homa Bay High School and six (6)
farmers randomly sampled from around the school’s environs, which included three
small villages, namely, Kananga Lakeshore, Katuma & Nyalkinyi. Data on field-
observed maize yields of four growing seasons (2017-2018) were collected in 2019 by
means of interviews with the selected farmers who had records of their production.
Maize yield was calculated as Kg/ha.

2.3 Data analysis

Table 2: Nommalized data of weather parameters, NDVI and malaria occwrrence in Homa Bay

county (Source: RCMED)

Normallzed [x-min)/[max-min)

DateTime| Humidity Frecipitation  [Temperaturg| Malaria Occurence OV

lan, 17 0 0365582152 | 0748443185 0. 882871502 0,400
Feb, 17 0.3752461 (0. 35790729] 0667206048 0500622375 0.35]]
March, 17| 056625077 0632742353 067257384 04359654700 0.413
Apdl, 17 | QB0753137 0.3867865259| 0.501510247 0430262529 0.437]
May, 17 1 1] 0105205136 1] 0,445
June, 17 | 055550865 0230019064 034547129 0.401851529) 0429
July, 17 | 071575243 0] 0.053461457 0.237622613 0414
Aug, 17 | 061643532 0131845315 0223760825 0003558584 0.442]
Sept, 17 | 076515811 0.355633561| 0.1248151595 0.068524488) 0.437]
Oct, 17 0 71740965 0200842466 0.355140364 0 0.43]]
Now, 17 | 0LB5579605 0440061644 0 0.375235422) 0,455
Dec, 17 | 043383701 (.1875{ 0.555284531 0. 2156259654 0444
lan, 18 025533132 0065345315 0.3815976831 1] (0. 385
Feb, 18 | 014352686 0247551321 1 0. 70076655 E

The normalized data from RCMRD (Table 2) and data on crop yields from the selected
farmers was used to plot line graphs using MS Excel in order to determine the
following:

Whether there is a correlation between the weather conditions and NDVI,

Whether there is a correlation between the weather condition and malaria occurrence,
and,

Whether there is a correlation between the NDVI and crop yield.

The normalized data (Table 2) was also used to compute a correlation matrix using
CORREL formula in MS Excel.




RESULTS

Trends between NDVI and weather parameters
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Figure 2: Graph showing trends between NDVI and weather conditions. The months of May and
November, 2017 are circled in purple.

Maize, the staple food crop in Homa Bay, is usually planted just before the rainy
seasons of February to March and September to October.

From our results (Figure 2), we can see that, the highest recordings of NDVI obtained
were in May, 2017 (0.45) and November, 2017 (0.46). This is because, during this
time, the maize plants are growing and appear very green in colour. During these
months humidity and precipitation were also high (1.00).

Between May and July, 2017, NDVI precipitation and temperature decreased from 0.45
to 0.41. The low NDV1 is because Maize is harvested in June, and in July, the maize

stalks are left to dry, and they turn yellow in colour. The average maize yield for the
year 2017 was 722 kg/ha.

Trends between malaria occurrence and weather conditions
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Figure 3: Graph showing correlation between malaria occurrence and weather conditions. The
months of May, 2017 and August-October, 2017 are highlighted in purple.

Malaria is transmitted by the Anopheles mosquito, which breeds in stagnant water
during the rainy seasons. It is clear from our data that, there was high vegetation cover




and precipitation in May (Figure 2 and 3) which could have increased mosquito
population.

Between August and October, 2017, malaria occurrence was at its lowest (Figure 3).
This could be due to low vegetation cover, since this is the period that harvesting of the
first season and planting of the second season of maize is taking place. The NDVI
values during these months are also lower (0.44-0.43), indicating less healthy crop
(yellowed maize stalks during harvesting) and less vegetation cover following
harvesting.

Correlation between NDVI, malaria occurrence and weather conditions
Table 3: Correlation matrix

Humidity | Precipitation | Temperature | Malaria NDVI
Occurrence
Humidity 1
Precipitation | 0.386 1
Temperature | -0.855 -0.073 1
Malaria -0.378 0.392 0.311 1
Occurrence
NDVI 0.767 0.271 -0.752 -0.378 1

From the correlation matrix (Table 3) generated using normalized data, we observed
that:

1. NDVI had a positive correlation with humidity (0.767) and precipitation (0.271),
while it had a negative correlation with temperature (-0.752).

2.NDVI had a negative correlation with malaria occurrence (-0.378)

CONCLUSION

The results presented show that there is a correlation between:
a) NDVI and weather conditions
b) Malaria occurrence and weather conditions

In summary:

1. NDVI generally has a strong positive correlation with precipitation and humidity,
while it has a moderately negative relationship with temperature.

2. Malaria occurrence has a moderately positive correlation with precipitation,
humidity and also a negative relationship with temperature.

3. NDVI can be correlated with malaria occurrence because it is dependent on weather
conditions and gives a good indication of vegetation cover. High vegetation cover
encourages mosquito breeding.

4. Direct correlation between NDVI and crop yield was limited by insufficient data on
crop yield and NDVI. This study was limited by data that was available for the year
2017. To generate a comprehensive correlation matrix, large sets of data that have been
collected over longer periods of time are required.

High NDV1 also implies good vegetation cover, contributed by the healthy staple crops
such as maize.

NDVI technology is therefore a very useful tool for monitoring health of crops by
farmers and also to monitor incidences of vector borne diseases such as malaria. This is
important, as, a healthy community will result in increased agricultural productivity.

RECOMMENDATIONS

- Information on NDVI and malaria occurrence of a given area can be used by the
government to help its citizens on best agricultural and health practices, help in
prediction of drought, floods and disease epidemics.

-Adopting NDVI technology in Kenya, which relies on agriculture for economic




growth, will help to improve agricultural yields and improve food security, minimize
food shortage in the country, resulting in a more healthy and productive nation.
-There is need to collect NDVI data with weather parameters and crop yields for at
least three years or longer in order to determine the correlations more confidently.
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