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Estimation of groundwater level from TVDI after topographic correction

CAI Liang — hong'*, DING Jian —1i"*, WEI Yang'"’
(1.College of Resources & Environmental Science, Xinjiang University, Urumqi, Xinjiang 830046, China;
8 yrang Y q yrang
2. Key Laboratory of Oasis Ecology, Xinjiang University, Urumqi, Xinjiang 830046, China)

Abstract; In arid and semiarid areas, groundwater is the important water source for terrestrial vegetation sur-
vival, but traditional method of monitoring underground water is waste time and energy. Acquiring large-scale and
high-precision groundwater level in real or near-real time is critical. Based on the temperature vegetation drought in-
dex(TVDI) , three phase of Landsat 8 extract RVI (Ratio Vegetation Index) , NDVI ( Normalized Difference Vege-
tation Index), EVI ( Enhanced Vegetation Index), MSAVI ( Modified Soil Adjusted Vegetation Index), DVI
( Difference Vegetation Index) and Ts ( Land Surface Temperatures) , the DEM data were used to correct the Ts
data for the reduction of the topographic influences by topographic relief, and the best groundwater depth inversion
model was selected. The results indicated that: (1) DEM was used to regulate Ts based on the traditional TVDI, the
coefficient of determination between TVDI before and after topographic correction and groundwater depth was im-
proved from 0.4381 to 0.5053, which showed that the terrain correction could effectively improve the inversion ac-
curacy of groundwater depth; (2) Compared the coefficient of determination between five different TVDI and soil
moisture and groundwater depth by three phase of the image, in the whole, Ts —MSAVI was best, and the highbest
R* was 0.5547 and 0.5202 respectively; (3) In case the soil moisture data were lacking, the groundwater depth
distribution could be estimated by factors reflecting the relative soil water content.

Keywords: TVDI; topographic correction; groundwater depth; soil moisture content
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Table 1

All kinds of vegetation index and calculation formula

FHBEHEEL Vegetation index

4R Calculation formula

22 Rk Reference

A—fb 2 (A HE B H5 %L NDVI NDVI=(NIR-R)/( NIR+R) [19]

1B BB + HEVR T R AR AR L MSAVI MSAVI= (2NIR+1-( (2NIR+1)2-8(NIR-R))*3) /2 [20]
FLfEREBEFE 2L RVI RVI=R/NIR [21]
ZHIHEAEE DVI DVI=NIR-R [22]

R B EVI

EVI=2.5(NIR-R)/(NIR+6R-7.5B+1) [23]
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Table 2 Fit equation of dry and wet lines for Ts — VI characteristic space of three phase of remote sensing image

A BEIEZ 1 T . I .
Year Feature space Dry side equation Wet side equation

Ts — DVI Y=-30.7297x+325.998 0.89 ¥Y'=53.2638x+264.310 0.90

Ts —EVI Y=-19.2204x+327.273 0.90 Y=28.8931x+264.224 0.78

2013 Ts — MSAVI Y=-18.4230x+324.954 0.91 Y'=39.0517x+264.707 0.92

Ts — NDVI Y=-15.0516x+325.835 0.88 Y=31.0237x+264.898 0.88

Ts — RVI Y=-13.1926x+313.785 0.88 Y=21.4984x+287.581 0.62

Ts — DVI Y=-26.7352x+312.55 0.92 Y=45.3576x+273.755 0.88

Ts —EVI Y=-14.9273x+313.028 0.89 Y=30.8797x+270.093 0.91

2014 Ts — MSAVI Y=-18.3282x+312.373 0.92 Y=128.3539x+275.773 0.84

Ts — NDVI Y=-15.3185x+312.842 0.87 Y'=24.4638x+274.408 0.81

Ts — RVI Y=-12.2097x+301.154 0.80 Y=25.0691x+295.886 0.86

Ts — DVI Y=-28.4273x+331.733 0.96 Y=10.7326x+298.309 0.63

Ts —EVI Y=-11.8120x+329.458 0.78 Y=3.30448x+299.571 0.75

2015 Ts — MSAVI Y=-23.3236x+323.059 0.96 Y=4.16383x+299.35 0.73

Ts — NDVI Y=-19.5752x+332.145 0.92 Y=2.96067x+299.535 0.70

Ts — RVI Y=-18.7361x+326.147 0.84 Y=6.98308x+298.737 0.62
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Table 3 TVDI and soil moisture relationship after topographic correction
Y Year TVDI PIAMR Fitting model e 28 R? Fooon

Ts — MSAVI y=-0.2007x+0.281 0.5474 43.54854

Ts —EVI y=-0.2138x+0.2858 0.5014 36.19675

2013 Ts —NDVI y=-0.189x+0.2702 0.4948 35.26439
Ts —RVI y=-0.2017x+0.2549 0.4404 28.33449

Ts —DVI y=-0.1817x+0.2676 0.397 23.70163

Ts — MSAVI y=-0.1969x+0.2935 0.5527 44.48187

Ts —EVI y=-0.2199x+0.2959 0.5623 46.25581

2014 Ts —NDVI ¥y=-0.1913x+0.2912 0.4819 33.48655
Ts —RVI y=-0.2328x+0.2694 0.4173 25.78091

Ts —DVI y=-0.1834x+0.2778 0.4421 28.53287

Ts — MSAVI ¥y=-0.2526x+0.3134 0.5547 44.83983

Ts —EVI y=-0.2275x+0.3103 0.5444 43.01909

2015 Ts —NDVI y=-0.2349x+0.3095 0.5356 41.51902
Ts —RVI y=-0.1995x+0.3018 0.4659 31.40919

Ts —DVI y=-0.2192x+0.2987 0.4886 34.40098
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Table 4 TVDI and groundwater depth relationship after topographic correction

R4 MWFEKRIER TVDI Sttt TR AIERAIX R

A4Sy Year TVDI AEA] Fitting model PEZRER? Foo.05
Ts — MSAVI y=1.4341¢"52 0.5202 5.01404

Ts —EVI y=1.5961¢" 4" 0.3621 4.90345

2013 Ts — NDVI y=2.0204"105% 0.241 3.41481
Ts — RVI y=2.1434¢"200% 0.2649 4.30417

Ts — DVI y=1.8414¢"2 0.318 3.66445

Ts — MSAVI y=1.4195¢" 4668 0.4416 6.79492

Ts —EVI y=1.4319¢"62 0.4951 8.14254

2014 Ts — NDVI y=1.4513¢"457 0.4275 6.45951
Ts —RVI y=2.1639¢"174 0.232 4.0396

Ts — DVI y=1.6868¢" 3241 0.3135 4.25343

Ts — MSAVI y=1.4393¢"613% 0.4901 8.50189

Ts —EVI y=1.4972¢ " 4883 0.4736 8.08895

2015 Ts — NDVI y=1.4209¢ "3 0.4824 8.22787
Ts — RVI y=1.5089¢ 333 0.4154 6.1664

Ts — DVI y=1.4403¢"61% 0.4719 7.88869
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