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ABSTRACT 
 

A multiscale study was carried out under natural 

conditions for assessing the potential of vegetation 

reflectance to quantify soil Total Petroleum 

Hydrocarbons (TPH). The spectral signature of Rubus 

fruticosus L. was measured at leaf and canopy scales 

on an oil-contaminated site, and used for retrieving 

leaf pigment contents through inversion of 

PROSPECT and PROSAIL models. Leaf chlorophyll 

content was strongly related to soil TPH 

concentrations (R
2
 ≥ 0.8), which allowed predicting 

TPH with good accuracy (RMSE < 4 g.kg
-1

). The 

quantification of TPH was also achieved at canopy 

scale (RMSE = 2.85 g.kg
-1

). The proposed method 

shows promising perspectives for oil prospection and 

contamination monitoring over vegetated areas. This 

method is under assessment on airborne hyperspectral 

images for applications over large scale. 

 

Index Terms— hyperspectral remote sensing, oil, 

vegetation, PROSPECT, PROSAIL, pigment. 
 

1. INTRODUCTION 

 

In recent years, the use of hyperspectral remote 

sensing for detecting soil contamination and 

prospecting natural oil seepages sparked a growing 

interest by oil and gas companies [1]. Several 

approaches have been proposed to detect and quantify 

oil from airborne and satellite images in the on-shore 

and off-shore domains. Although these approaches 

perform well on soils and oceans, they are ineffective 

in vegetated regions. However, because vegetation can 

be affected by oil exposure, recent studies proposed 

detecting oil by tracking alterations in vegetation 

biochemistry and optical properties [2]. Progress in 

this field showed that it is possible to detect and 

discriminate among various oil products in soils (crude 

oil, diesel, etc.) from leaf and canopy reflectances in 

the reflective domain, under experimental conditions 

[3]. The next step of this approach consists in 

quantifying oil concentration, especially Total 

Petroleum Hydrocarbons (TPH), which remains a 

major challenge. To achieve this, previous studies 

suggested tracking changes in leaf pigment contents 

using vegetation reflectance, since their alteration 

depends on the level of exposure to oil [2][3]. 

However, the application of such approach under 

natural conditions, on airborne or satellite images, 

remains uninvestigated. 

In this study, we propose a method for detecting and 

quantifying soil TPH over vegetated areas using 

hyperspectral remote sensing, which can be applied to 

airborne or satellite images. This method relies on the 

retrieval of leaf pigment contents from vegetation 

optical properties using the PROSPECT and 

PROSAIL models [4].
 

 

2. MATERIALS AND METHODS 

 

A field campaign was carried out on summer 2017 on 

an industrial brownfield contaminated by TPH and 

colonized by vegetation, mainly Rubus fruticosus L. 

(bramble). Spectral signatures of this species were 

acquired in the [400:2500] nm spectral domain using a 

leaf-clip connected to an ASD FieldSpec 4 Hi-Res 

spectroradiometer (Malvern Panalytical, Malvern, 

UK), on 23 points of the site (Fig. 1). 3 leaves per 

point were measured this way and soil TPH 



concentrations (16 – 77 g.kg
-1

) were analyzed. Similar 

measurements were carried out on the same species on 

a control site, where no TPH were found. Leaf 

biochemical parameters were estimated from the 

spectral signatures by inverting the PROSPECT 

model, following the procedure described in [5]. 

PROSPECT simulates the spectral signature of leaves 

from their anatomical and biochemical parameters 

(including pigment, water and dry matter contents) [3]. 

Inversion of the model allows retrieving these 

parameters from measured spectral signatures, using 

an iterative optimization approach. Chemical analyses 

were carried out on leaves to assess biochemical 

parameters estimated by the model, using the R
2
 and 

the Root Mean Squared Error (RMSE) [5]. The 

retrieved leaf pigment contents were compared 

between the two sites (brownfield and control) using t-

test. Within the brownfield, pigment contents were 

thereafter linked to soil TPH concentrations. 50 % of 

the data (“train set”) were used to calibrate univariate 

regression models, and the remaining 50 % (“test set”) 

to assess TPH predictions. The predicted 

concentrations were compared to those of soil analyses 

on the test set using the R
2
 and the RMSE. 

 

Figure 1. Spectral signatures of bramble leaves measured on 

the 23 plots on summer 2017. 
 

In addition, the method was assessed simultaneously at 

leaf and canopy scales on the same period. 10 plots of 

approximately 16 m
2
 with known soil TPH 

concentrations (17 – 39 g.kg
-1

) were defined. 18 and 9 

spectral signatures were acquired on each plot at leaf 

and canopy scales, respectively. A 25 mm-wide fore 

optics placed 30 cm above the target at nadir was used 

for canopy measurements. Data were acquired in 

radiance and converted to reflectance using a white 

calibration panel [3]. Leaf biochemical parameters 

were estimated from leaf and canopy spectral 

signatures by inverting the PROSPECT and PROSAIL 

models, respectively. The PROSAIL model extends 

the use of PROSPECT to canopy measurements by 

accounting for the influence of vegetation structure 

and bare soil fraction. A planophile leaf inclination 

distribution function was used for inverting PROSAIL 

[6]. The spectral signature of bare soil was also 

acquired and used in PROSAIL inversions. For both 

PROSPECT and PROSAIL inversions, the parameters 

(pigments, water, LAI, etc.) were estimated within 

bounds typically found in the literature [4]. Leaf 

pigment contents retrieved from leaf (PROSPECT) 

and canopy (PROSAIL) measurements were linked to 

soil TPH concentrations using the procedure described 

above. 

As a perspective of application, airborne hyperspectral 

images were acquired over the same study site on 

summer 2017. These acquisitions were carried out 

using HySpex VNIR-1600 and SWIR-320m-e cameras 

(Norsk Elektro Optikk AS, Lørenskog, Norway), with 

a spectral resolution of 3.7 and 6 nm, respectively. The 

images served for validating the proposed method over 

a large vegetated area. 

 

3. RESULTS AND DISCUSSION 

 

The PROSPECT model performed well for retrieving 

leaf biochemical parameters from the spectral 

signatures, especially chlorophylls (R
2
 = 0.92 and 

RMSE = 2.65 µg.cm
-2

). Variations in these parameters 

explained the variability of reflectance observed within 

the brownfield (Fig. 1). Leaf mean chlorophyll content 

was significantly different between the brownfield and 

the control site (p < 0.05). A similar trend was 

observed on leaf carotenoid content. These alterations 

in leaf pigments and reflectance under exposure to 

TPH are consistent with previous work carried out 

under controlled conditions [2][3]. Our results show 

that these alterations also occur under natural 

conditions, which allow detecting TPH. 



Leaf pigment contents were strongly related to TPH 

concentrations on the 23 points of the brownfield, 

especially chlorophylls (R
2
 = 0.89) (Fig 2a). As a 

result, TPH were predicted with good accuracy 

(RMSE = 3.63 g.kg
-1

), especially for concentrations 

below 30 g.kg
-1

 (Fig. 2b). Predictions were less 

accurate using leaf carotenoid content (RMSE = 8.31 

g.kg
-1

), because the different carotenoid pigments (ß-

carotene, lutein, etc.) are not affected in the same way 

by exposure to TPH [3]. These results are consistent 

with previous work linking pigment-related vegetation 

indices to low TPH concentrations (< 1 g.kg
-1

) [7]. 

 

Figure 2. (a) Relationship between leaf chlorophyll content 

and soil TPH concentrations (train set). (b) Comparisons 

between predicted and measured soil TPH concentrations 

(test set). 

 

The results obtained on the 23 points were confirmed 

at leaf and canopy scales on the 10 plots. Because TPH 

affect vegetation growth, the spectral signature 

measured at canopy scale strongly differed from that 

of leaves, as described in previous work [2][3]. 

However, because PROSAIL accounts for the 

influence of ground cover, leaf pigment contents 

estimated from the spectral signatures at canopy scale 

were consistent with those obtained at leaf scale using 

PROSPECT (Fig. 3a). Therefore, a similar relationship 

with TPH concentrations was observed at leaf and 

canopy scales (R
2
 = 0.87 and 0.84, respectively) (Fig. 

3b). This resulted in accurate estimations of TPH 

(RMSE = 2.62 and 2.85 g.kg
-1

 at leaf and canopy 

scales, respectively) (Fig. 3c). Previous work showed 

that TPH-induced alterations in pigments can be 

detected from leaf to canopy scale using vegetation 

reflectance, under controlled conditions [2][3]. Our 

method extends its use to the quantification of TPH 

under natural conditions and opens up promising 

perspectives for applications at larger scale. 

 

Figure 3. (a) Comparisons between leaf chlorophyll contents 

predicted from leaf or canopy spectral signatures using 

PROSPECT and PROSAIL, respectively. (b) Relationship 

between leaf chlorophyll content estimated at canopy scale 

and soil TPH concentrations (train set). (c) Comparisons 

between predicted and measured soil TPH concentrations at 

canopy scale (test set). 

 

4. CONCLUSION 

 

This study demonstrates that soil TPH can be detected 

and quantified from vegetation reflectance by tracking 

a 

b 

a 

b 

c 



alterations in leaf pigment contents through inversions 

of PROSPECT and PROSAIL models. The proposed 

method proved to be robust from leaf to canopy scale. 

This method is currently assessed on the airborne 

images with high spatial and spectral resolutions 

acquired over the same study site (Fig. 4). This step 

represents a major challenge for operational oil 

prospection and monitoring applications. 

 

Figure 4. Subset of the airborne hyperspectral acquired over 

the study site on summer 2017 for assessing the proposed 

method. 
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