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Introduction

In this study, the Landsat-8 data is innovatively used to

calculate index Temperature Vegetation Dryness Index

(TVDI) in a mining engineering application. The study area

is the tailing dam in Brumadinho, Minas Gerais, Brazil

(20°07′11″S 44°07′17″W) (Fig.1). The tailing dam is an

upstream tailing dam. It consists of a primary dam and a sub

dam. On 25.01.2019, the tailing dam in Brumadinho

collapsed, what caused serious casualties and environmental

pollution. Thus, the monitoring of the tailing dam stability

has become an urgent problem. For monitoring, soil moisture

is an important parameter, if the soil moisture is too high, it

will cause soil liquefaction and then the stability of the dam

will decrease.

This study applied the data of Landsat-8 on 14.01.2019

(before the dam-break) and 30.01.2019 (after the dam-break)

to investigate the soil moisture. Landsat-8 carries the

operational land imager (OLI) and the thermal infrared sensor

(TIRS) (USGS 2019).

Based on the Normalized Difference Vegetation Index

(NDVI) calculated based on near-infrared band and the red

band, two algorithms are used to generate the Land Surface

Temperature (LST) and then obtain TVDI. This index is

used to assess the soil moisture of the tailing dam.

Method andMathematical Concepts

In this study, the sequence of TVDI calculation is shown in

Fig. 2. In the Fig. 2, the method Radiative Transfer

Equation Algorithm (RTEA) and Mono Window

Algorithm (MWA) are used to calculate LST (Qin et

al.2004).

TVDI can be characterized by the NDVI-LST feature space. In

this study, the NDVI and the LST are used to calculate the

TVDI according to

𝑇𝑉𝐷𝐼 = (𝐿𝑆𝑇 − 𝐿𝑆𝑇𝑀𝑖𝑛) / (𝐿𝑆𝑇𝑀𝑎𝑥 − 𝐿𝑆𝑇𝑀𝑖𝑛 ) (1)

The variables LSTMax and LSTMin are expressing the dry edge

value and the wet edge value. These two values can be

obtained by the feature space of NDVI-LST according to

𝐿𝑆𝑇𝑀𝑎𝑥 = 𝑎 + 𝑏 ∗ 𝑁𝐷𝑉𝐼 (2)

𝐿𝑆𝑇𝑀𝑖𝑛 = 𝑐 + 𝑑 ∗ 𝑁𝐷𝑉𝐼 (3)

In Eq. 2-3, the variables a, b, c and d are the fitting equation

coefficients. The NDVI-LST feature space is shown in Fig. 9, it

shows a significant negative correlation between NDVI and

LST (Carlson et al.1995; Price et al. 1990; Nemani et al.1989;

Han et al. 2015).

In this model, the more points close to the wet edge, the

greater the evaporation is, the soil moisture is higher, in

contrast, with more points close to dry edge, the soil moisture

is lower (Chen et al. 2015). TVDI has negative correlation with

the soil moisture, the higher the TVDI is, the lower the soil

moisture is.

Fig. 7 shows that the TVDI of the surface water is below 0.

According to the classification of TVDI concluded by Sha et al.

(2014), TVDI in the range of 0 to 0.2 is high soil moisture, the

range of 0.6 to 1 is low soil moisture.

On 14.01.2019 shown in Fig. 7, the TVDI at the dam body was

relatively high, it means that this area had low soil moisture.

In the boundary between the tailings and vegetation area, the

range of TVDI was from 0 to 2. The TVDI distribution here

indicate that the tailings closed to vegetation area had high

soil moisture. The area that is about 198.844m from the dam

crest edge also had high soil moisture. These areas had high

soil moisture and were likely to cause soil liquefaction and

induce dam failure.

On 30.01.2019 shown in Fig. 8, the surface and sub soil of the

tailing dam were exposed. The water in the tailing dam was

also exposed, thus a large area showed negative values. It

proves that the soil moisture of this tailing dam was very high.

Conclusion

The obtained results show that the tailings had high soil

moisture. This factor may induced tailing dam failure on

25.01.2019. In this study both algorithms yield the same

TVDI distribution.

In the tailings, this part had very high soil moisture. On

14.01.2019, the results show that low TVDI occurred in the

boundary between the tailings and vegetation area. The area

that is about 198.844m from the dam crest edge also had

TVDI below 0.2. This area had no influence of precipitation

throughout January (Wunderground 2019). According to the

report of Wise-uranium (2019), the tailings dam could not

drain normally. Water began to accumulate in tailings, the

water pressure in the pores of the tailings increased. When the

water pressure exceeded the external pressure the tailings

could withstand, soil liquefaction occurred.

On 25.01.2019, a large amount of tailings liquified, the shear

strength of the tailings was completely disappeared and

tailings crashed the dam. Tailings flowed out and buried local

residents and buildings. This dam-break caused serious loss

(Reuters 2019).

On 30.01.2019, the soil of the tailing dam was exposed, TVDI

calculated by RTEA and MWA show that large areas of the

tailing dam had surface water. It proves that the surface soil

and subsoil had very high soil moisture. The two LST

algorithms can calculate almost the same temperature

distribution and the same TVDI distribution.
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Figure 1: Collapsed tailing dam in Brumadinho (The New York Times 

2019).
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Figure 2: Flowchart of TVDI calculation

MWA

Figure 9: NDVI-LST feature space on 14.01.2019 LST 

calculated by RTEA (left); LST calculated by MWA (next); 

NDVI-LST feature space on 30.01.2019 LST calculated by 

RTEA (next); LST calculated by MWA (right). The red 

line is the dry edge, the blue line is the wet edge. The wet 

and dry edge form almost a triangle shape.

Figure 6: LST on 30.01.2019 calculated by RTEA 

(left) and MWA (right).

Figure 5: LST on 14.01.2019 calculated by RTEA 

(left) and MWA (right)

Figure 4: 30.01.2019, NDVI 

distribution of the whole dam

Figure 7: 14.01.2019, TVDI  distribution of the whole dam area which contains several dams and the collapsed 

tailing dam with LST calculated by RTEA (left two images) and LST calculated by MWA (right to images).

Figure 8: 30.01.2019, TVDI  distribution of the whole dam area which contains several dams and the collapsed 

tailing dam with LST calculated by RTEA (left two images) and LST calculated by MWA (right two images).

Figure 3: 14.01.2019, NDVI 

distribution of the whole dam
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