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distribution prediction of the dengue fever by
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Dengue fever In Taiwan

There have been dengue fever cases concentrated mainly in
southwestern Taiwan, such as Tainan City, Kaohsiung City, and
Pingtung County. In 2015, Taiwan experienced the most severe
dengue outbreaks with over 43,000 dengue cases.

¥

There is not an effective vaccine against dengue. Thus, measures
against dengue fever epidemic are urgently needed.

¥

Forecasting disease outbreaks can be useful for public health leaders
to take decisive action for preparing the response.
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The study aimed to apply a deep learning to predicting distribution of
dengue fever in Taiwan using the remote sensing (RS) datasets.

Sea surface temperature data

- The daily satellite data on sea surface temperature (SST) was collected
from the ERDDAP website of the National Oceanic and Atmospheric
Administration (NOAA), USA.

N~y ERDDAP
Easier access to scientific data

Start Using ERDDAP:
Search for Interesting Datasets

ERDDAP

ERDDAP is a data server that gives you a simple, consistent way to download subsets of gridded and tabular scientific datasets in common file

formats and make graphs and maps. This particular ERDDAR installation has oceanographic data (for example, data from satellites and buoys). - View a List of All 1,341 Datasets

Easier Access to Scientific Data - Do a Full Text Search for Datasets

Our focus is on making it easier for you to get scientific data. ‘ | @[Search|

Different scientific communities have developed different types of data servers,
for example, OPeNDAP, WCS, SOS, OBIS, and countless custom web pages with forms. Each is great on its own. Without ERDDARP, it is
difficult to get data from different types of servers:

- Search for Datasets by Category

Datasets can be categorized in different ways by the values of various metadata
attributes. Click on an attribute (cdm data type, institution, joos category, keywords,
long_name, standard_name, variableName) to see a list of categories (values) for that
attribute. Then, you can click on a category to see a list of relevant datasets.

« Different data servers make you format your data request in different ways
- Different data servers return data in different formats, usually not the common file format that you want.
- Different datasets use different formats for time data, so the results are hard to compare.

ERDDAP unifies the different types of data servers so you have a consistent way to get the data you want, in the format you want. + Search for Datasets with Advanced Search @

- ERDDAP acts as a middleman between you and various remote data servers. - Search for Datasets by Protocol
When you request data from ERDDAP, ERDDAP reformats the request into the format required by the remote server, sends the reguest
to the remote server, gets the data, reformats the data into the format that you requested, and sends the data to you. You no longer

have to go to different data servers to get data from different datasets.

Protocols are the standards which specify how to request data.
Different protocols are appropriate for different types of data and for different client

applications.
+ ERDDAP offers an easy-to-use, consistent way to request data: via the OPeNDAP standard.
IMany datasets can also be accessed via the Web Map Service (WMS). Protocol Description
. . . ridda Griddap lets you use the OPeNDAP hyperslab protocol to request data
- ERDDAP returns data in the common file format of your choice. , Qredal | o bsets, graphs, and maps from gridded datasets (for example, satellite
ERDDAP offers all data as .html table, ESRI .asc and .csv, Google Earth .kml, OPeNDAP binary, .mat, .nc, ODV .ixt, .csv, .tsv, .json, datasets | | o ot ol Getoy e docmentation

Source: https://coastwatch.pfeg.noaa.gov/erddap

Data processing

Data Sources

(NOAA, etc.) 1. Download raw data

python

A
s Crawler

(Data collecting scripts)
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(Data processing scripts)

2. Store in the local storage

and store data b
nits(daHy; weekly) in numpy array

Results

Mean Intersection over Frequency Weighted

Testing dataset Owerall Accuracy Mean Accuracy Dice index coefficient

Union Accuracy
SST+R+S5WR 0.999845 0.509462 0.504506 0.9977 0.018169
SST 0.999557 0.502009 0.500152 0.999481 0.001494
R 0.999875 0.501437 0.50082 0.999799 0.003524
SWR 0.999903 0.503644 0.502796 0.999828 0.011312
R+SWR 0.999872 0.507283 0.504232 0.999797 0.017036

- Overall, the accuracies of all the models were low, but the accuracies
tended to increase as the number of variables increased.

The disease-promoting factors

Environmental factors
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Dengue fever outbreaks are known to be influenced by Demographic factors

complex interactions between hosts, vectors and
viruses that are influenced by several factors.

High population density

Especially, climate variabilities are considered as the major factors affecting space-
time distribution and increasing burden of dengue outbreaks in recent years.

Study site

The study area is the entire island of
Taiwan, which consists of 368
townships.

The climate of Taiwan is subtropical in
the north and tropical in the south.

High temperature and humidity, heavy
rainfall and tropical cyclones in summer
characterize the climate of Taiwan.

Source: https://earth.google.com/web/@23.59823745,121.02086885,1839.81063107a,681695.45746645d,35y,0h,0t,0r

Rainfall data

1) The ENSO is a large-scale ocean-atmosphere phenomenon which can be
generally identified by sea surface temperature (SST) anomaly, and its impact can be
seen directly on rainfall and temperature.

2) Rainfall and temperature as the climatic factors may directly or indirectly affect
vector survival, lifespan, development and reproductive rates which could influence
dengue spatiotemporal abundance and distribution.

3).Rainfall provides.an.increased number of breeding habitats for Aedes mosquitoes.
Standing water from rainfall occupies natural depressions (wetlands, streams, etc.)
and human-made containers to create a high surface area of mosquito habitat and
oviposition.

4) Temperature increases impact virus development and vector survival, leading to
Increases in the proportion of infectious vectors, mosquito range and bite rates. As
the time required for a virus to become infectious decreases, the virus spreads more
efficiently

Dengue fever case data

The daily dengue fever case data includes age, gender, township of
residence, the longitude and latitude of a patient location, and the time
of disease onset for each case.

- The daily rainfall data was collected from the Global Satellite
Mapping of Precipitation (GSMaP) website.

(@@@ http://sharaku.eorc.jaxa.jp/GSMaP/index_j.htm
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U-Net-based encoder-decoder model

The architecture consists of a contracting path to capture context and
a symmetric expanding path that enables precise localization.
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[1] Ronneberger, O., Fischer, P., Brox, T.: U-net: Convolutional networks for biomedical image segmentation. In:
Medical Image Computing and Computer-Assisted Intervention—-MICCAI 2015, pp. 234-241. Springer (2015)
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Source: https://data.gov.tw/dataset/21025

Shortwave radiation data

-The daily shortwave radiation data was collected from the JAXA
Satellite Monitoring for Environmental Study (JASMES).
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Experiment

-Five different experiments: 1) sea surface temperature, rainfall and
shortwave radiation, 2) sea surface temperature, 3) rainfall, 4)
shortwave radiation, and 5) rainfall and shortwave radiation were
conducted, combining three different kinds of data.

- The datasets from 2002/4/16 to 2020/9/30, 2002/4/16 to 2017/12/31
was used as the training data, 2018/1/1 to 2018/12/31 as the validation
data, and 2019/1/1 to 2020/9/22 as the testing data.

-The model was evaluated using Overall Accuracy, Mean Accuracy,
Mean Intersection over Union (Mean loU), Frequency Weighted
Accuracy/Frequency Weighted Intersection over Union (FWA/FWIoU),
and Dice index coefficient (Dl).

Discussion

- The prediction accuracy of the proposed model was low In our study
and showed only a few overlapping areas between the ground truth and
prediction results due to small objects in satellite images and the
Imbalanced data on the dengue fever.

- Yet, it implies the possibility that the utilization of RS data and deep
learning may assist in predicting the distribution of dengue fever
outbreaks with further improvements in a deep learning model to
effectively learn small object features.




