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Drought Modeling Based on SPI Index using Satellite and Ground station
Data via the Integrated GPR-CEEMD Model

Kiyoumars Roushangar!”, Roghayeh Ghasempour?
Abstract

Drought is one of the most important problems which affects agriculture section and water resources.
Nowadays, the use of the remote sensing technique has been considered as useful tool for drought
monitoring. This study aimed to predict the temporal drought using ground station and TRMM3B43
satellite data between the years of 1998-2017. Therefore, precipitation data were first converted to the
SPI index, and then, using the intelligent Gaussian Process Regression (GPR) method based on
Complementary Ensemble Empirical Mode Decomposition (CEEMD), Tabriz drought was
investigated. Different models were defined and the impact of different input parameters were assessed.
It was observed that the rainfall amounts from the TRMM satellite in the monthly scale had a good
correlation with the Tabriz station precipitation and the results of drought analysis using satellite data
were almost similar with ground station data. The obtained results proved the high capability and
efficiency of the applied method in predicting the SPI drought index and it was observed that time series
decomposition based on the complementary ensemble empirical mode decomposition led to more
accurate outcomes. The input data decomposition increased the predictive accuracy by approximately
30 to 40 percent. It was observed that in prediction of drought the climatic elements including mean
monthly temperature and relative humidity, as well as SPI indexes related to the previous months, were
effective and by climatic parameters eliminating, the modeling error increased up to 15-20%. Also, the
results of sensitivity analysis showed that SPIt-1 is the most effective parameter in modeling.

Keywords: Drought, Empirical mode, GPR, Remote sensing, SPI
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Drought Modeling Based on SPI Index using Satellite and Ground station
Data via the Integrated GPR-CEEMD Model

Kiyoumars Roushangar!”, Roghayeh Ghasempour?

Introduction

Drought as a severe natural disaster has devastating effects on the environment; therefore, reliable
drought prediction is an important issue. Drought has serious negative effects on different parts of
human life. Some of these effects are water supply shortage, low agricultural produce, reduced soil
moisture, economic losses, migration, and famine. These widespread negative effects can be seen
anywhere in the world. Accurate understanding of spatial and temporal variation in rainfall and
drought will provide a good insight into the arranging and management of drought subordinate
exercises. So far, numerous drought prediction methods have been proposed in literature, including
time series models, regression models, probabilistic models, machine learning models, physical
models, and a host of hybrid models. Although all of these methods have shown promising results in
terms of improving accuracy of drought forecasts, the impact of climate change on droughts has
highlighted the need for more advanced methods for predicting this event. On the other hand, the
traditional drought indices are usually obtained from hydro-meteorological data from stations, the
spatial resolution of which does not necessarily meet the drought monitoring requirements in large-
scale areas. According to Yan et al. (2014), spatially and temporally continuous information can be
provided by data obtained from meteorological satellites. Therefore, the use of satellite data can
compensate the limitation of point-based observation data for hydro-meteorological variables, and
makes it possible to monitor drought conditions in ungauged regions. Meteorological satellites can
acquire multi-temporal, multispectral, continuous and complete data. Also, in recent years, the Meta
model approaches have been applied in investigating the hydraulic and hydrologic complex
phenomena. Hybrid models involving signal decomposition have also been shown to be effective in
improving prediction accuracy of time series prediction methods, as indicated in. Complementary
Ensemble Empirical Mode Decomposition analysis is one of the widely used signal decomposition
methods for hydrological time series prediction. Decomposition of time series reduces the difficulty
of forecasting, thereby improving forecasting accuracy.

Due to the complexity of the drought phenomenon and its importance, in this study, the temporal
drought was investigated using ground station and TRMM3B43 satellite data between the years of
1998-2017. The SPI index was used in this regard. Using the intelligent Gaussian Process Regression
(GPR) method based on Complementary Ensemble Empirical Mode Decomposition (CEEMD), Tabriz
drought was investigated.

Methodology

In this study, monthly rainfall data from the three stations namely Tabriz was used during the period
of 1998-2017. The time series of the drought SPI index was calculated via DIP software. GPR models
are based on the assumption that adjacent observations should convey information about each other.
Gaussian processes are a way of specifying a prior directly over function space. This is a natural
generalization of the Gaussian distribution, whose mean and covariance are a vector and matrix,
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respectively. The Gaussian distribution is over vectors, whereas the Gaussian process is over functions.
Thus, due to prior knowledge about the data and functional dependencies, no validation process is
required for generalization, and GP regression models are able to understand the predictive distribution
corresponding to the test input (Ramussen and William, 2006). CEEMD was proposed to solve the
mode mixing issue of empirical mode decomposition (EMD) which specifies the true IMF as the mean
of an ensemble of trials (Wu and Huang, 2009). Each trial consists of the decomposition results of the
signal plus a white noise of finite amplitude. EMD can be used to decompose any complex signal into
finite intrinsic mode functions and a residue, resulting in subtasks with simpler frequency components
and stronger correlations that are easier to analyze and forecast. Another important feature of empirical
mode decomposition is that it can be used for noise reduction of noisy time series, which can be
effective in improving the accuracy of model predictions.

Results and Discussion

For evaluating and reviewing the performance of the tested models and determine the accuracy of the
selected models, three error criteria named Correlation Coefficient (CC), Determination Coefficient
(DC), and Root Mean Square Errors (RSME) were used according to Table 1. The results indicated
that the accuracy of the integrated CEEMD-GPR models was higher than the GPR model. The
integrated model deacresed the error criteria between 30 to 40 %. It was observed that in prediction of
drought the climatic elements including mean monthly temperature and relative humidity, as well as
SPI indexes related to the previous months, were effective in modeling process.

Table 1: Statistical parameters results for test series based on the integrated method

Predicted SPIt

Ground-based data
Model Train Test
DC RMSE R DC RMSE
CEEMD- GPR
S(1) 0.754 0.672 0.079 0.726 0.616 0.088
S 0.824 0.784 0.056 0.776 0.765 0.068
S(111) 0.850 0.844 0.040 0.832 0.815 0.046
M(1) 0.948 0.862 0.033 0.890 0.825 0.041
M(In 0.950 0.878 0.030 0.892 0.866 0.038
M(I1T) 0.949 0.885 0.028 0.900 0.871 0.034
Satellite-based data
CEEMD- GPR
S(1) 0.735 0.648 0.081 0.708 0.594 0.085
S(In) 0.814 0.756 0.057 0.757 0.759 0.070
S(111) 0.849 0.825 0.042 0.811 0.799 0.048
M(1) 0.924 0.842 0.035 0.868 0.814 0.043
M(IT) 0.926 0.865 0.032 0.872 0.863 0.039
M(IIT) 0.925 0.872 0.030 0.878 0.869 0.036
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Fig. 1: The observed vs. predicted SPI scatter plots for the superior model
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Conclusions

The developed models’ accuracy showed that the applied integrated model had higher efficiency
compared with single GPR model in drought modeling. CEEMD-GPR method approximatly
deacresed the error criteria between 30 to 40 %. In addition, sensitivity analysis showed that SPI..1 was
the most effective parameter in drought modeling.
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