
 
 

  
 
 

 

 

  
License: https://creativecommons.org/licenses/by/4.0/deed.en  

18th Quantitative InfraRed Thermography Conference 
 

Quantifying evaporation rates of volatile pollutants in seawater using a high-
frequency infrared multispectral camera 

         *      DOTA, ONERA, Université de Toulouse, 31000, Toulouse, France 
         **    Cedre, 715 rue Alain Colas, 29200, Brest, France 
         ***   RBINS, rue Vautier 29, 1000, Brussels, Belgium 

Abstract 

The SIMAGAZ thermal infrared multispectral imager, characterized by low radiometric noise and high 
acquisition frequency, enables the detection and quantification of volatile pollutants in the marine environment. This 
paper presents a remote sensing method for estimating gas evaporation rates using SIMAGAZ. The approach was 
evaluated at the Cedre facilities under two configurations: (i) small-scale experiments involving chemicals released 
into a Petri dish filled with seawater, and (ii) medium-scale experiments conducted in a marine pool. Results obtained 
for n-butyl acetate demonstrate the method’s ability to quantify evaporation rates under varying experimental 
conditions, and good agreement with predictions from physical models. 

1. Introduction  

Recent advances in remote sensing for marine pollution monitoring have primarily focused on the 
characterization of hydrocarbon products, particularly following major incidents such as the Deepwater Horizon oil spill 
[1], [2], [3]. In contrast, relatively few studies have applied remote sensing techniques to characterize chemical spills 
at sea, despite the increasing number of incidents involving such substances [4]. A recent example is the 2025 collision 
between the oil tanker Stena Immaculate and the cargo ship Solong in the North Sea, which highlighted the potential 
for disastrous environmental and human consequences [5]. In 2000, the International Maritime Organization (IMO) 
formally defined Hazardous and Noxious Substances (HNS) as substances other than oil, which if introduced into the 
marine environment, are likely to create hazards to human health, harm living resources and other marine life, damage 
amenities, and/or interfere with other legitimate uses of the sea [6].  

Unlike hydrocarbons, which typically persist on the surface of the sea, HNS exhibit a wide range of behaviours 
depending on their physicochemical properties [7]. Once released into the marine environment, they can evaporate, 
float, dissolve, sink, or undergo a combination of these processes. The accidental release of volatile substances, 
characterized by high vapor pressure (𝑃𝑠𝑎𝑡 > 0.3 𝑘𝑃𝑎), results in the formation of invisible gas plumes that may be 
toxic, flammable, or explosive. Consequently, volatile HNS present a significant challenge for maritime authorities 
tasked with ensuring the safety of coastal infrastructure and nearby populations. 

Within the European MANIFESTS project (2021–2023), dispersion models were developed to simulate the 
atmospheric propagation of gas plumes following accidental releases at sea [8]. However, these models rely on 
evaporation parameterizations derived from studies conducted in the 1970s and 1980s (e.g., Mackay and Matsugu, 
1973 [9]; Brighton, 1985 [10]), which have not been recalibrated against recent experimental measurements [11]. 
Consequently, new observational datasets involving volatile HNS are required to validate and optimize evaporation 
parameters, thereby improving the accuracy of atmospheric dispersion models [12]. 

Given that gas plumes are typically invisible to the naked eye, thermal infrared remote sensing is a powerful 
tool for characterizing volatile HNS released at sea. This technique can detect thermal contrasts associated with 
surface slicks and identify spectral signatures from evaporating gas plumes. Nevertheless, the marine environment 
exhibits very low thermal contrasts compared to continental surfaces. This can lead to detection and quantification 
errors when using standard infrared spectral imaging, such as hyperspectral imaging, which requires a quite high 
thermal contrast between the air and the background [13]. 

In this paper, we present a method to characterize gas plumes and quantify their evaporation rates using a 
cooled infrared multispectral imager, SIMAGAZ. The approach was applied to several volatile HNS during experiments 
conducted at two scales at the Cedre facilities: laboratory (small-scale) and marine pool (medium-scale). The paper is 
organized as follows: Section 2 introduces the SIMAGAZ instrument and the experimental setup, followed by the 
methodology in Section 3. Section 4 presents and compares results obtained from n-butyl acetate spills at both scales, 
and evaluates them against physical model predictions. 
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2. Instrument and data 

2.1.  SIMAGAZ thermal infrared multispectral camera 

 SIMAGAZ is a pre-industrial multispectral camera developed in collaboration between ONERA, LYNRED, 
and NOXANT as part of the FUI IMAGAZ project [14]. With a Technology Readiness Level (TRL) of 6, it operates in 
the thermal infrared range between 7.2 µm and 8.5 µm. The instrument is based on a cooled LWIR VGA-format 
detector, with a pixel pitch of 15 µm and an RM3 cooler. Externally, the camera resembles a standard Detector Dewar 
Cooler Assembly (DDCA). The optical system consists of an array of lenses and filters integrated directly inside the 
cold shield, enabling the simultaneous acquisition of four images, with different spectral properties, on a single Focal 
Plane Array (FPA). 

 
SIMAGAZ combines the advantages of being simple (only two major optical components), cost-effective 

(single detection block), compact (1 L volume), and lightweight (1.3 kg). Furthermore, the Mercury-Cadmium-Telluride 
(MCT) detector technology offers high radiometric stability (very good signal-to-noise ratio, < 10 mK per band) and a 
high acquisition frame rate (up to 75 Hz). Figure 1 shows (a) a photograph of the SIMAGAZ camera, and (b) the main 
optical and spectral characteristics of the instrument. 

 

           
 

Figure 1. (a) Photograph of the SIMAGAZ thermal infrared multispectral camera. (b) Main optical and spectral 
characteristics of the instrument. 

 
2.2. N-butyl acetate release protocols at small and medium scales 

The experiments were carried out at the Cedre facilities in Brest, France. They were conducted at two 
different scales: small-scale experiments in July 2025, and medium-scale experiments in July 2024. For the small-
scale configuration, 30 mL of volatile HNS was poured into a 10-cm diameter Petri dish containing seawater. The 
dish was placed on an electronic balance to monitor mass loss in real time (Figure 2 (a)). For the medium-scale 
configuration, 200 mL of volatile HNS was released inside a 4.3 x 2.3 m aluminum frame deployed in a marine pool. 
A fan positioned at the pool’s edge was used to control the direction of the gas plume (Figure 2 (b)). In all 
experiments, the SIMAGAZ imager was mounted on a tripod and oriented towards the spill source. Image 
acquisition started a few seconds before the chemical release and continued for 1–5 minutes afterwards, depending 
on the release. 

Several volatile HNS were tested during the measurements, including n-butyl acetate, which was released 
at both scales. N-butyl acetate has a vapor pressure of 1.2 kPa at 20 °C and exhibits a strong absorption peak at 
8.06 µm, within the third spectral band of SIMAGAZ (Figure 3). Additionally, with a vapor pressure below 3 kPa, it 
forms a persistent surface slick on water that differs in temperature from the surrounding surface, making it 
detectable via thermal contrast as well. 

 

Figure 2. (a) Small-scale experimental setup: volatile HNS is released into a Petri dish (area of a few cm2) 
positioned on an electronic balance. (b) Medium-scale experimental setup: volatile HNS is released within a frame 

installed in a marine pool (area of a few m2); a fan is used to control the plume direction. 
 

Focal length 7 mm

F-number 4

Horizontal field of view (HFOV) 40 °

Band 1 7.2 - 7.5 µm

Band 2 7.6 - 7.9 µm

Band 3 7.8 - 8.2 µm

Band 4 8.1 - 8.5 µm
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Figure 3. Absorbance spectrum of n-butyl acetate (6.0–10.0 µm; spectral data from the Pacific Northwest 

National Laboratory) overlaid with the four SIMAGAZ filter bands. 

3. Methodology 

3.1. Thermal infrared radiometric model for gas plume detection 

A direct radiometric model in the thermal infrared was developed to simulate the theoretical spectral signature 
in brightness temperature of each gas as a function of its concentration and the environmental conditions of the scene 
(atmospheric temperature, background brightness temperature, and atmospheric water vapor concentration). This 
model was validated in previous studies [15], in which the gas thermal contrast (𝐶𝑇𝑠𝑖𝑚) is defined as follows: 
 

𝐶𝑇𝑠𝑖𝑚 =  𝑇𝐵,𝑜𝑛
𝑖𝑛𝑠𝑡 − 𝑇𝐵,𝑜𝑓𝑓

𝑖𝑛𝑠𝑡 = (𝜏𝑔𝑎𝑠 − 1)(𝑇𝐵,𝑜𝑓𝑓
𝑖𝑛𝑠𝑡 − 𝑇𝑎𝑡𝑚) (1) 

 

Where 𝑇𝐵,𝑜𝑛
𝑖𝑛𝑠𝑡 is the scene spectral brightness temperature with gas (K), 𝑇𝐵,𝑜𝑓𝑓

𝑖𝑛𝑠𝑡  is the scene spectral brightness 

temperature without gas (K), 𝑇𝑎𝑡𝑚 is the atmospheric temperature (K), and 𝜏𝑔𝑎𝑠 is the gas transmission. 

  
To detect the gas plume, the measured gas thermal contrast (𝐶𝑇𝑚𝑒𝑠) was compared pixel-by-pixel with the 

simulated gas thermal contrast (𝐶𝑇𝑠𝑖𝑚). The similarity between both spectra was quantified using the Spectral 
Correlation Mapper (SCM) metric [16], defined as follows: 

𝑆𝐶𝑀 =
∑ 𝑥𝑖𝑦𝑖

𝑁
𝑖=1

√∑ 𝑥𝑖
2𝑁

𝑖=1 ∑ 𝑦𝑖
2𝑁

𝑖=1

 (2)
 

 

Where 𝑥𝑖 = 𝐶𝑇𝑚𝑒𝑠,𝑖 −  𝐶𝑇𝑚𝑒𝑠
̅̅ ̅̅ ̅̅ ̅̅  and 𝑦𝑖 = 𝐶𝑇𝑠𝑖𝑚,𝑖 − 𝐶𝑇𝑠𝑖𝑚

̅̅ ̅̅ ̅̅ ̅̅ . N represents the number of spectral bands. 

 
SCM is an extension of the Spectral Angle Mapper (SAM) metric that incorporates mean centering of the 

spectra. SCM values range from -1 to 1, where absolute values close to 1 indicate a strong correlation (either positive 
or negative) with the simulated gas signature. A threshold was then applied to the SCM map to mask the gas plume 
area. Pixels with an SCM value above the threshold were retained. Subsequently, morphological operations were 
performed to remove isolated pixels, corresponding to false positives, and refine the plume boundaries. The resulting 
binary mask was then used for quantitative analysis. 
 

3.2. Quantitative analysis: integrated gas concentration and gas velocity 

 To estimate the integrated gas concentration within the plume (𝑪𝒈𝒂𝒔) in ppm∙m, the gas transmission was 

computed for each pixel previously identified as part of the plume, using the spectral band most sensitive to the 
target gas. The corresponding concentration was then retrieved by inverting the radiometric model via a Look-Up 
Table (LUT) approach. 

 
The gas velocity (𝑣𝑔𝑎𝑠) in m/s represents the primary source of uncertainty in evaporation rate calculations. 

In previous studies, this parameter was typically approximated using ambient wind speed measured with an 
anemometer [17]. However, anemometers are rarely positioned within the plume, and their accuracy decreases at 
low velocities (typically < 1 m/s). To overcome this limitation, we exploited the high frame rate of the SIMAGAZ 
imager to apply optical flow techniques. These methods estimate apparent motion between two consecutive images 
by analysing local intensity variations, generating a field of motion vectors. Among the available algorithms, the 
Farnebäck algorithm [18] was selected as it computes a motion vector for every pixel (dense optical flow), thereby 
capturing local velocity variations across the plume. This dense velocity field provides a more accurate and spatially 
resolved estimate of gas velocity compared to single-point anemometer measurements. 
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3.3. Gas flow rate estimation 

3.3.1. Gas mass flow rate (g/s) 

The gas mass flow rate was estimated using a modified version of the Rings Decomposition of Mass 
(RDM) method [19]. This method consists of selecting a source point (here, the chemical spill source) and defining 
concentric rings of radius 𝑟 around it. For each ring, the gas mass flow rate (𝑞𝑚) in g/s was obtained by summing 
the radial mass-flux contributions of all pixels belonging to the ring: 

 

𝑞𝑚(𝑟) = ∑ 𝑚𝐿(𝑖, 𝑗) ∙ 𝑣𝑔𝑎𝑠(𝑖, 𝑗) ∙ cos(𝜃(𝑖, 𝑗))
(𝑖,𝑗) ∈ 𝑟

(3) 

 

Where 𝑚𝐿(𝑖, 𝑗) is the local linear mass contribution associated with pixel (𝑖, 𝑗), defined as: 
 

𝑚𝐿(𝑖, 𝑗) =
𝐶𝑔𝑎𝑠(𝑖, 𝑗) ∙ 𝑑𝑝𝑖𝑥𝑒𝑙 ∙ 𝜌𝑔𝑎𝑠

106  (4) 

 
Here, 𝐶𝑔𝑎𝑠(𝑖, 𝑗) is the integrated gas concentration within pixel (𝑖, 𝑗) (ppm∙m), 𝑑𝑝𝑖𝑥𝑒𝑙 is the pixel size (m), 

and 𝜌𝑔𝑎𝑠 is the gas density (kg/m3). 𝜃(𝑖, 𝑗) is the angle between the local gas velocity vector and the radial direction 

passing through pixel (𝑖, 𝑗). The final gas mass flow rate (𝑄𝑚) in g/s was obtained as the median of the flow rate 
estimates derived from all rings intersecting the plume, thereby reducing the influence of local fluctuations and 
outliers. 

3.3.2. Gas flow rate per slick unit area (g/s/m2) 

The liquid spill forms a smooth surface layer due to the attenuation of capillary waves, creating a thermal 
contrast with the surrounding water. This contrast is detectable by high-sensitivity thermal imagers, such as 

SIMAGAZ. By projecting pixel dimensions onto the ground, the total evaporating slick area (𝐴𝑠𝑙𝑖𝑐𝑘) in 𝑚2 was 

determined. The evaporation rate (𝐸) in 𝑔/𝑠/𝑚2 was then calculated by dividing the final gas mass flow rate by this 
surface area. 
 

All stages of the proposed methodology have been implemented in a Python algorithm. A flowchart 
summarizing the workflow of this algorithm is presented in Figure 4. 

 

 
Figure 4. Flowchart summarizing the steps of the Python algorithm for estimating gas flow rates, from theoretical 

gas spectral signature to evaporation rate calculation. 

4. Results and discussion 

4.1. Quantitative results obtained for two sequences 

In this section, the described approach was applied to two experimental sequences involving n-butyl acetate: 
(i) a small-scale sequence lasting 4 minutes at a frame rate of 50 Hz, corresponding to 12,000 images; and (ii) a 
medium-scale sequence lasting 1 minute at a frame rate of 30 Hz, corresponding to 1,800 images.  

 
At the small scale, the gas plume dispersed in multiple directions (Figure 5(a)). The mean gas mass flow 

rate was 3.3 x 10-3 g/s, with a standard deviation of 2.3 x 10-3 g/s. This high variability was primarily attributed to 
atmospheric turbulence under outdoor conditions (mean gas velocity: 0.76 m/s, standard deviation: 0.31 m/s). As 
shown in Figure 5(b), a correlation was observed between gas velocity and gas mass flow rate (Pearson correlation 
coefficient = 0.73), suggesting that higher gas velocities enhance flow rates. 
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(a) 
 

 
 

(b) 
 

 

Figure 5. (a) Quantitative maps obtained at the small scale from images 4,400 to 5,800, with a step of 200 
images (corresponding to a temporal interval of 4 s). Integrated gas concentration is represented using the “jet” 
colormap (0–30 ppm∙m). Gas velocity vectors are indicated by white arrows with red crosses at the arrowheads, 

for pixels containing gas within each RDM ring. (b) Gas velocity and gas mass flow rate over the entire small-
scale sequence (100-image moving averages for both parameters). 

 
At the medium scale, the gas plume followed a preferential trajectory (Figure 6(a)). This behavior aligned 

with the experimental setup, where a fan directed towards the marine pool forced the plume to propagate along a 
specific axis. In addition, higher concentrations were observed at this scale, particularly in the initial images, due to 
the larger spill area and more extensive surface slick, ranging from 0.78 to 1.4 m2. On the pool surface, the slick 
was also advected by the fan airflow until it reached the aluminum frame, where it accumulated along the edge 
(Figure 6(b)). This accumulation reduced the free surface area available for evaporation into the atmosphere. 
Consequently, the gas mass flow rate decreased when the slick reached the frame, as illustrated in Figure 6(c). 
 
(a) 
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(b)                (c) 

 
Figure 6. (a) Quantitative maps obtained at the medium scale from images 200 to 760, with a step of 80 

images (corresponding to a temporal interval of 2.7 s). Integrated gas concentration is represented using the “jet” 
colormap (0–200 ppm∙m). Gas velocity vectors are indicated by white arrows with red crosses at the arrowheads, 

for pixels containing gas within each RDM ring. (b) Temporal evolution of the surface slick within the aluminum 
frame, from image 142 (top) to image 732 (bottom). (c) Gas mass flow rate over the entire medium-scale 

sequence. 
 

To facilitate a consistent comparison between the two scales, the evaporation rate (mass flow rate per unit 
slick area) was calculated. This normalization eliminated the influence of differences in slick surface area between 
the small and medium scales. At the small scale, the slick fully covered the Petri dish (area: 7.9 x 10-3 m2), resulting 
in a mean evaporation rate of 0.42 g/s/m2. At the medium scale, the slick expanded progressively from 0.78 m2 to 
1.4 m2 before reaching the aluminum frame, corresponding to a mean evaporation rate of 0.21 g/s/m2 during the 
initial phase of the sequence. Table 1 summarizes the estimated mean flow rates and the corresponding 
environmental conditions for each release, including the standard deviation for each parameter. 
 

Table 1. Synthesis of environmental conditions and estimated flow rates (mean value ± standard deviation) for 
the two experimental sequences. 

 

 
 

Two environmental parameters significantly influence the evaporation rate:  gas velocity and liquid 
temperature. Although the mean gas velocity was slightly lower at the small scale, the standard deviation placed 
both values in a comparable range. In contrast, the liquid temperature differed by 11.7 K. Given the exponential 

dependence of vapor pressure on temperature described by the Clausius-Clapeyron equation (𝑃𝑣 = 2810 𝑃𝑎 at 

304.2 K versus 𝑃𝑣 = 1160 𝑃𝑎 at 292.5 K), this temperature difference likely explains the higher evaporation rate 
observed in the small-scale sequence, despite the use of the same chemical.  
 

4.2. Comparison with evaporation models 

In this section, we compare the evaporation rates estimated from the SIMAGAZ images with those 
predicted by evaporation models implemented in current operational dispersion tools. This comparison evaluates 
the accuracy of existing parameterizations against our experimental data. 

 
The Mackay and Matsugu model (1973) [9] has been implemented in the MOHID dispersion model, 

developed by the Instituto Superior Técnico (IST). In this model, the evaporation flux (𝐽) in kg/s/m2 is expressed as 
follows: 

 

𝐽 = 𝐾𝐺  
𝑃𝑣 𝑀

𝑅 𝑇
 𝑤𝑖𝑡ℎ 𝐾𝐺 = 0.0048 . 𝑈

7
9 . 𝑋− 

1
9 . 𝑆𝑐− 

2
3 (5) 

Small-scale Medium-scale

n-butyl acetate release n-butyl acetate release

Air temperature (K) 296.6 290.6

Liquid temperature (K) 304.2 ± 1.9 292.5 ± 1.0

Gas velocity (m/s) 0.76 ± 0.31 1.30 ± 0.36

Gas mass flow rate (g/s) 0.0033 ± 0.0023 0.24 ± 0.07

Slick area (m
2
) 0.0079 0.78 to 1.4

Evaporation rate (g/s/m
2
) 0.42 ± 0.29 0.21 ± 0.07
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Where 𝐾𝐺 is the mass transfer coefficient (m/s), 𝑃𝑣 is the vapor pressure (Pa), 𝑀 is the molar mass (kg/mol), 𝑅 is 

the gas constant (J/mol/K), 𝑇 is the liquid temperature (K), 𝑈 is the wind speed (m/s), 𝑋 is the pool diameter (m), 

and 𝑆𝑐 is the Schmidt number. 

The Brighton evaporation model (1985) [10] has been implemented in the OSERIT dispersion model, 
developed by the Royal Belgian Institute of Natural Sciences (RBINS). In this model, the evaporation rate (𝐸) in 

kg/s/m2 is expressed as follows: 

𝐸(𝑥,𝑡) = 𝐶𝑠 ∙ 𝑈∗ ∙ 𝑗(𝑥) (6) 

Where 𝐶𝑠 is the vapor-phase saturation concentration (kg/m3), 𝑈∗ is the reduced wind speed (m/s), and 𝑗(𝑥) is the 

mass transfer coefficient. The reduced wind speed 𝑈∗ is computed using an empirical equation from Jones et al. 
[19]: 

𝑈∗ = 0.03𝑈 (
10

𝑧
)

𝑛

 (7) 

 
Where 𝑈 is the wind speed at height 𝑧 (m/s). In this study, wind speed was not measured but directly retrieved from 
the SIMAGAZ images using an optical flow algorithm, providing an estimate representative of near-surface wind 
conditions. A reference height of z = 1 m was assumed for this estimation. The stability coefficient 𝑛 depends on 
atmospheric stability and ranges from 0.108 to 0.253. A value of n = 0.142 was used in this study, corresponding 
to neutral atmospheric conditions. Finally, the pre-factor 0.03 is derived from the von Kármán constant (k = 0.4) and 
a roughness length (z0 = 10-4 m), which is representative of smooth sea surface conditions. 
 

Table 2 summarizes the mean evaporation rates predicted by the Mackay and Matsugu model and by the 
Brighton model, using the mean values of the environmental parameters reported in Table 1 as input. Observed 
mean evaporation rates from the SIMAGAZ measurements are also included for comparison. 
 
Table 2. Summary of mean evaporation rates predicted by the Mackay and Matsugu model and by the Brighton 

model, compared with SIMAGAZ estimated values, for the two experimental sequences.  
 

 
 

Both models predicted higher evaporation rates at the small scale compared to the medium scale, 
consistent with the SIMAGAZ observations. Differences between model predictions and observations were 
observed at both scales, ranging from 15 to 20 %. Nevertheless, these differences remained within the range of 
uncertainties associated with the observations (15–25%) and the model input parameters. 
 

Both models are sensitive to uncertainties in the liquid temperature. At the small scale, this temperature 
was measured using a probe and was therefore affected by instrumental uncertainty, whereas at the medium scale 
it was estimated from SIMAGAZ observations, introducing additional measurement uncertainty. Moreover, the 
Mackay and Matsugu model relies on an empirical formulation of the mass transfer coefficient derived from 
laboratory-scale experiments conducted with chemical species other than n-butyl acetate. Therefore, extrapolating 
this formulation to different substances and experimental configurations introduces additional uncertainty. For the 
Brighton model, uncertainty mainly arises from the estimation of the reduced wind speed, as values were assumed 
for the effective height (z = 1 m), the stability coefficient (n = 0.142), and the roughness length (z0 = 10-4 m). Although 
these values are scientifically justified, they contribute to the uncertainty of the Brighton model predictions. 

5. Conclusion 

In this paper, we present a methodology for estimating gas evaporation rates using the SIMAGAZ thermal 
infrared multispectral imager. The proposed approach exploits the instrument’s high radiometric sensitivity to detect 
both the gas plume and the chemical slick, as well as its high frame rate to retrieve the gas velocity field within the 
plume. 

  
The methodology was applied at two experimental scales: at the small scale, n-butyl acetate was spilled 

into a Petri dish containing seawater, whereas at the medium scale it was released into a marine pool. In both 
configurations, the plume was successfully detected and quantified from successive images. The estimated 
evaporation rates were found to be consistent between the two experimental scales when differences in 

Mean evaporation rate Small-scale Medium-scale

(g/s/m
2
) n-butyl acetate release n-butyl acetate release

Mackay and Matsugu prediction 0.35 0.18

Brighton prediction 0.49 0.18

SIMAGAZ observation 0.42 0.21
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environmental conditions were considered. Furthermore, good agreement was obtained between the evaporation 
rates derived from the SIMAGAZ measurements and those predicted by evaporation models. However, unlike 
physical models, the infrared-based methodology provides a direct estimate of gas evaporation rates without 
requiring independent measurements of wind speed and liquid slick characteristics, such as temperature and 
surface area. 

 
Future work will focus on extending this methodology to open-sea conditions. Within the framework of the 

European MANIFESTS project, sea trials were conducted in 2021 and 2022, during which SIMAGAZ cameras were 
deployed aboard both a vessel and an aircraft. Evaporation rates derived from these measurements will be 
compared with model predictions to assess the accuracy of the models under real-world conditions, and to 
investigate how infrared observations can complement evaporation modeling. This work will contribute to improving 
decision-support tools used by maritime authorities in the event of accidental releases of volatile HNS at sea. 
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