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Abstract

Bangladesh, part of Indo-Gangetic-Brahmaputra Plain, is frequently affected by floods and droughts. As the economy of
Bangladesh is still agriculture based, effective measurement of soil moisture will not only strengthen the irrigation management
but also improve the hydrological modelling and drought prediction. But only nine agro-meteorological stations of Bangladesh
measure the soil moisture four times a month which creates a vacuum to scientifically manage her water resources. SMAP
(Soil Moisture Active Passive) satellite of NASA provides an unprecedented opportunity for full scale measurement of soil
moisture over this region. Field measurements of soil moisture from April 2015 were used to assess the effectiveness of the
SMAP’s measurement over the North West Region of Bangladesh which suffers from frequent dry spells. Initially the Root
mean squared error (RMSE) between the SMAP and observed soil moisture were found to vary between 12.28 to 16.72% for
the available stations. The results showed a bias in SMAP data and it was significantly reduced using bias correction. Later
multiple linear regression, based on supplementary climate data in addition to SMAP observations, was applied to obtain an
improved estimate of soil moisture and the RMSE were reduced to 1.19 to 3.18%. Lastly, different machine learning techniques
(i.e. ANN, SVR, XGBoost etc.) were used to reduce the bias further. This study demonstrates a promising potential of using
the SMAP data in soil moisture estimation over Bangladesh for its effective water resources management.
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Fig. 1: Study area (North-West region of Bangladesh)

« Bangladesh has only nine agro-meteorological stations that traditionally measure soil moisture four
times a month using gravimetric method

« ltis insufficient to represent large scale spatial and temporal distribution of soil moisture.

« Therefore, use of soil moisture information in irrigation scheduling, early drought prediction, flood
prediction and hydrological modeling is mostly absent.

« North West region of Bangladesh is very vulnerable to different extreme natural events
like drought, frequent flood and riverbank erosion.

Goals

o The main objective of this study was to evaluate SMAP (Soil Moisture Active Passive) satellite-based Level-4
surface soil moisture product over the North West Region of Bangladesh and improve it regionally using
supplementary climate data.

» Our goal was to promote use of satellite-based soil moisture data for strengthening scientific management of
water resources.

Research Questions

Research questions that we tried to solve in this study are:

o How accurately SMAP product provides soil moisture data compared to in-situ observation in the targeted geo-
location?

¢ Does the heavy rain-feed monsoon of the geo-location (Bangladesh) have any effect on the pattern of the bias?
« Can simple error model using supplementary climate data improve the SMAP product further?

« Linear regression to machine learning models: Using simplest to the complex technique to improve the data
product.



DATA AND CHALLENGES

Table 1: Datasets used in this study.

Soil Moisture

Precipitation

_ _ Bangladesh Meteorological
Daily Maximum and

In-situ Data 1 Department
Minimum Temperature (httpz// bmd.gov.bd)
Relative Humidity
Solar Radiance
Satellite Data Level-4 Soil Moisture National Snow and Ice Data
Center
(https://nsidc.org /versions
/data/4)

Based on the in-situ data availability, this study used the above mentioned datasets from April 2015.

Challenges:

Bangladesh Meteorological Department officially provides in-situ data 6 to 12 months after the collection with additional
time for processing. Therefore, last one and half years data were not used in this study due to unavailability of the data in
the study period. As the soil moisture is collected bi-weekly using gravimetric method, repetitive visits were made to their
Agro-meteorological division to obtain as much as data possible. In some cases, we were lucky to get additional data from
BMD's different time limited projects in our study area.



APPROACH AND METHODOLOGY

Methods followed in this study to correct the SMAP Level-4 surface soil moisture data can be broadly divided
into two-

« Correction of SMAP data product using Multiple Linear Regression Model: Target of this modeling
was to keep it as simple as possible for all level end user.

Methodology: Multiple Linear Regression Model

i
Fig. 3: Flow chart of methodology followed in Multiple Linear Regression Model.

« Correction of SMAP data product using Machine Learning-based Model: To aid in more complex
exploration and advance study, Four machine learning techniques were used.

Methodology: Machine Learning-based Model

et

Fig.4: Flow chart of methodology followed in Machine Learning-based Model.



PERFORMANCE EVALUATION

Multiple Linear Regression Model:

« RMSE (in %) before correction ranged between 12.28 to 16.72%.

» During model calibration and performance evaluation, datasets were separated as Wet period (heavy
rain-feed monsoon) and Dry period (with intermittent rainfall).

« Bias correction using linear regression intially reduced the bias which was reduced to 1.19 to 3.18%
using supplementary climate data.

Machine Learning-based Model:

Performance of the four (4) models were evaluated using following metrics- Mean square error (MSE), Mean
absolute error (MAE), and Normalized centered root mean square error (NCRMSE) as explained in Bhuiyan
et al (2020). Results are provided in the slideshow.



CONCLUSION

Soil Moisture

Machine learning-based error models perform better than linear regression-based model to correct
the SMAP data regionally. Based on different evaluation metrics, machine learning model developed
using XGBoost techniques performs better than models developed using EPBNN, SVR and DTR.

Machine learning-based error modeling can be used for regional correction of SMAP data.

Monsson precipitation has profound impact in SMAP satellite soil moisture data product. In monsoon
season, impact can be traced back to previous 7 days rainfall. Plots of few validation data to
observe the influence visually.
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Quick Overview
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Bangladesh is the 40% largest Economy of the world
« 14.2% of Total GDP is contributed by Agriculture Sector
» 42.7% of Total Labor force works in Agriculture Sector
* Rice is the main crops g
* Flood is the most common natural disaster

Source: "CIA - The World Factbook”, Central Intelligence Agency and "WELT 2020 | Centre for Economics and Business Research”,
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ABSTRACT

Bangladesh, part of Indo-Gangetic-Brahmaputra Plain, is frequently affected by floods and droughts. As the economy of
Bangladesh is still agriculture based, effective measurement of soil moisture will not only strengthen the irrigation
management but also improve the hydrological modelling and drought prediction. But only nine agro-meteorological stations
of Bangladesh measure the soil moisture four times a month which creates a vacuum to scientifically manage her water
resources. SMAP (Soil Moisture Active Passive) satellite of NASA provides an unprecedented opportunity for full scale
measurement of soil moisture over this region. Field measurements of soil moisture from April 2015 were used to assess the
effectiveness of the SMAP’s measurement over the North West Region of Bangladesh which suffers from frequent dry spells.
Initially the Root mean squared error (RMSE) between the SMAP and observed soil moisture were found to vary between
12.28 to 16.72% for the available stations. The results showed a bias in SMAP data and it was significantly reduced using
bias correction. Later multiple linear regression, based on supplementary climate data in addition to SMAP observations, was
applied to obtain an improved estimate of soil moisture and the RMSE were reduced to 1.19 to 3.18%. Lastly, different
machine learning techniques (i.e. ANN, SVR, XGBoost etc.) were used to reduce the bias further. This study demonstrates a
promising potential of using the SMAP data in soil moisture estimation over Bangladesh for its effective water resources
management.
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