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Introduction

Throughout the 1990's and 2000's methods were developed to extract lava flow discharge rates from 1 km spatial resolution satellite data collected by satellite sensors operating in the thermal infrared (e.g., [START_REF] Harris | A chronology of the 1991 to 1993 Etna eruption using AVHRR data: Implications for real time thermal volcano monitoring[END_REF]2007;Harris & Bologa 2009;[START_REF] Coppola | A comparison of field-and satellite-derived thermal flux at Piton de la Fournaise: implications for the calculation of lava discharge rate[END_REF]. At the same time, high spatial resolution (30 m) satellite data were shown to be of value for mapping lava flow fields (e.g., Flynn et al., 1994;[START_REF] Wright | Visualizing active volcanism with high spatial resolution satellite data: the 1991-1993 eruption of Mount Etna[END_REF][START_REF] Lombardo | Spatial variations in lava flow field thermal structure and effusion rate derived from very high spatial resolution hyperspectal (MIVIS) data[END_REF], with InSAR data allowing estimation of lava flow areas, thicknesses and, hence, volumes (e.g., [START_REF] Zebker | Analysis of active lava flows on Kilauea volcano, Hawaii, using SIR-C radar correlation measurements[END_REF][START_REF] Rowland | Topographic analyses of Kilauea volcano, Hawaii, from interferometric airborne radar[END_REF]Lu et al., 2003). In parallel, a series of lava flow models were developed to allow flow inundation areas to be simulated (e.g., [START_REF] Young | FLOWFRONT: Simulation of a lava flow[END_REF][START_REF] Crisci | Revisiting the 1669 Etnean eruptive crisis using a cellular automata model and implications for volcanic hazard in the Catania area[END_REF][START_REF] Vicari | Modeling of the 2001 lava flow at Etna volcano by a Cellular Automata approach[END_REF]. Increasingly, the capabilities have been merged to allow an ensemble-based approach whereby satellite data from multiple wavelengths and spatial resolutions are combined to allow maximum constraint and crossvalidation (e.g., [START_REF] Patrick | The 1997 eruption of Okmok Volcano, Alaska: a synthesis of remotely sensed imagery[END_REF]Rowland et al., 2003;[START_REF] Wright | A satellite chronology of the May-June 2003 eruption of Anatahan volcano[END_REF] and source term input into real-time lava flow emplacement models (e.g., [START_REF] Wright | Using infrared satellite data to drive a thermorheological/stochastic lava flow emplacement model: A method for near-real-time volcanic hazard assessment[END_REF][START_REF] Vicari | Near-real-time forecasting of lava flow hazards during the 12-13 January 2011 Etna eruption[END_REF][START_REF] Ganci | HOTSAT: a multiplatform system for the thermal monitoring of volcanic activity using satellite data[END_REF]. Since 2015, just such a response model has been developed at Piton de la Fournaise [START_REF] Rhéty | A comparison of cooling-limited and volume-limited flow systems: Examples from channels in the Piton de la Fournaise April 2007 lava-flow field[END_REF], where we here review and validate an updated version of the protocol so as to review an ensemble approach to responding to an effusive crisis.

The response protocol is based on in situ observations and data acquisitions carried out routinely by the Observatoire du Piton de la Fournaise (OVPF) team and the integration of four models: MIROVA [START_REF] Coppola | Enhanced volcanic hot-spot detection using MODIS IR data: results from the MIROVA system[END_REF], the ASTER (Advanced Spaceborne Thermal Emission Radiometer) urgent response protocol [START_REF] Ramsey | Enhanced volcanic hot-spot detection using MODIS IR data: results from the MIROVA system[END_REF], DOWNFLOW [START_REF] Favalli | Forecasting lava flow paths by a stochastic approach[END_REF] and FLOWGO [START_REF] Harris | FLOWGO: a kinematic thermo-rheological model for lava flowing in a channel[END_REF]. MIROVA is a near-real time hot spot detection system that uses MODIS data, and has been calibrated for TADR calculation at Piton de la Fournaise by [START_REF] Coppola | A comparison of field-and satellite-derived thermal flux at Piton de la Fournaise: implications for the calculation of lava discharge rate[END_REF], the ASTER urgent response protocol is a means of automatically prioritizing and targeting ASTER data acquisition during a volcanic eruption. Instead, while DOWNFLOW is a stochastic model that assesses potential flow paths based on iterative runs over a DEM with random noise added, FLOWGO can calculate the cooling-limit of flow down each path [START_REF] Rowland | Lengths and hazards from channel-fed lava flows on Mauna Loa, Hawai'i, determined from thermal and downslope modeling with FLOWGO[END_REF][START_REF] Wright | Using infrared satellite data to drive a thermorheological/stochastic lava flow emplacement model: A method for near-real-time volcanic hazard assessment[END_REF]. To estimate the maximum distance a flow can extend at a given effusion rate, FLOWGO tracks the thermal and rheological evolution of a control volume of lava as it moves down a channel, tracking the volume until the volume cools and crystallizes to such an extent that forward motion becomes rheologically impossible [START_REF] Harris | FLOWGO 2012: an updated framework for thermorheological simulations of channel-contained lava[END_REF]. FLOWGO has been initialized for and tested for lava channels at Piton de la Fournaise by [START_REF] Harris | Simulating the thermorheological evolution of channel-contained lava: FLOWGO and its implementation in EXCEL[END_REF] and [START_REF] Rhéty | A comparison of cooling-limited and volume-limited flow systems: Examples from channels in the Piton de la Fournaise April 2007 lava-flow field[END_REF], and-to allow improved model initialization, iteration and application-has been rewritten and rebuilt in Python as PyFLOWGO [START_REF] Chevrel | PyFLOWGO: An open-source platform for simulation of channelized lava thermo-rheological properties[END_REF]. It is this version of FLOWGO that we use here.

As described in [START_REF] Rhéty | A comparison of cooling-limited and volume-limited flow systems: Examples from channels in the Piton de la Fournaise April 2007 lava-flow field[END_REF], the response protocol is initialized with the alert of an imminent eruption and provision of the vent location provided by the OVPF as part of their mandated monitoring and response procedures. Subsequently, it involves calling each model in sequence and passing results between each actor, and then final product to OVPF, in as timely fashion as possible. The protocol also calls in ground truth (for vent locations, effusion rates, channel dimensions, flow lengths) provided by the OVPF as well as textural and chemical data (for eruption temperatures, vesicularity, crystallinity, rheological models) produced at LMV, to improve model uncertainty and syn-response validation. We show here how the response protocol works, and define the main uncertainties, using a real-time exercise held immediately after the April-May 2018 eruption of Piton de la Fournaise. The aim of the exercise was to refine model initialization and execution for Piton de la Fournaise, reduce uncertainty, and to fully define the call-down and communication protocol. It involved first following the data feed and executing responses, in the order that they were received, followed by a validation phase in which remote sensing and model based estimates for discharge rate and flow length were compared against ground truth. In doing so, we show how an integrated multi-sensor remote sensing approach can be used to follow, document and quantify an effusive event in near-real time.

The April-May 2018 eruption of Piton de la Fournaise and available data

The April-May 2018 eruption of Piton de la Fournaise began late on 27 April (19h50 UTC) from five north-south orientated en-echelon fissures that opened between the elevations of 2165 m and 2285 m on the southwest flank of the terminal cone (Figure 1a). Initially flow was channel-fed 'a'a which moved down the SW flank of the Dolomieu. In a short time activity reached a peak and became focused at a main vent roughly central to the fissure line at an elevation of 2200 m. Another much less active vent a few meters to the north continued to project tephra and emit flames. Around the two vents, scoria cones and tephra fields were constructed. Upon reaching the base of the Enclos Fouqué wall (between the 29 and 30 April), lava flows turned southeast to follow the base of the wall reaching a distance of 2.6 km before discharge rates declined and active flow fronts retreated to positions closer to the vent (Figure 1b). Between 4 and 7 May, flow activity was concentrated in the proximal section of the flow field with several tubes and, with two main zones of breakout being active 200 and 500 m down the tube system (Figure 1c). Breakouts from the tube system fed lowdischarge rate flows which extended no more that 100-200 m. From 7 May new lava flows broke out from an ephemeral vent at the base of the Enclos Fouqué Southern wall producing local vegetation fires. Over the following days, the tube continued to extend and feed lava flows from its terminus, so that by 10 May the tube exit was around 3.2 km from the vent. This continued to feed low-discharge rate flows that extended over 1.1 km (or 4.5 km from the main vent) along the base of the Enclos Fouqué wall. Activity continued in this way until 1 June 2018 when activity died out around 14h30 (local time). During the 34.6-day-long eruption, six aerial photograph, two aerial IR image and several field observation campaigns, including GPS measurements, lava and tephra sampling, gas analysis and UAV over flights were completed by the OVPF. In addition, 35 cloud-free MODIS images, 11 ASTER images and 15 InSAR image pairs all of which were available for near-real time analysis and reporting.

Methodology

While implementation of MIROVA and the ASTER urgent response protocol (URP) allow near-real time collection and processing of satellite thermal data for derivation of time-averaged discharge rate and mapping of a thermal anomaly, DOWNFLOW and FLOWGO (DOWNFLOWGO) allow the flow paths and potential run out distance to be projected. These models are called in sequence, where the call-down procedure is given in Figure 2. As part of this system, output and product are shared using a standardized reporting form (as given in Appendix A) which is shared between an email distribution list involving all actors in the response chain, and to OVPF for integration into surveillance and reporting duties. With each update, the group is issued an update email, flagging the field that has been updated and giving the time and date of the update as well as the name of the person responsible for the update. The reporting form has four fields for: (i) current MIROVAderived TADR and time series; (ii) current vent location and DOWNFLOWGO projections; (iii) current ASTER thermal distribution map, with flow field evolution time series and report; (iv) InSAR-based flow length report and coherence images (Appendix A). Another field may be added to the reporting form including relevant OVPF data collection, e.g., flow length from Structure from Motion (SfM), SO2 flux, sampling locations etc. This is left at the observatory's discretion to add depending on work loads and time commitment.

MIROVA and ASTER were called using the observatory bulletin announcing implementation of alert level 1, that is an eruption is believed (on the basis of seismic and ground deformation data) to be "imminent" (in the next minutes/hours). This causes ASTER to be targeted, and MIROVA to set up a "watch" for the first sign of a hot spot. Upon eruption onset, DOWNFLOWGO is run as soon as vent location(s) (GPS coordinates) is (are) known. The first vent location is usually provided by OVPF personnel or gendarmerie using hand-held GPS from a helicopter which is flown by the police (gendarmerie) service. Precision may vary depending on flight time available, the height of the fountains and the number of aircraft in the air space above the eruption site. Initially, to give an immediate idea of likely flow paths and inundation areas, 10000 flow lines are run to the edge of the DEM (i.e., the coast) over the most recent 5-m DEM with random noise of between ±0.8 m and ±2.5 m being added between each run. The slope from the line of steepest descent (LoSD) at ±0.001 m is then extracted (and smoothed every 10 m) and used for preliminary FLOWGO runs at various effusion rates (10,20,[START_REF] Biggs | Global Volcano Monitoring: What Does It Mean When Volcanoes Deform?[END_REF]40,50, to 100 m 3 /s). To do this, FLOWGO is initialized prior to the call down using typical Piton de la Fournaise thermo-rheological conditions and textural properties as given in Table 1. At the beginning of the eruption, a typical channel width of 4 m is taken (Table 1), and the model iterates on depth until the combination with calculated velocity gives the required effusion rate. Subsequently, upon derivation of a first TADR from MIROVA, the cooling-limited extent of flow down each flow line is then updated. Runs driven by the MIROVA-derived TADR are then plotted over a Piton de la Fournaise base map to give an idea of how the flow front may extend, or retreat, if TADRs increase (or decrease) over the current level. In addition, if vent location or channel width information are updated or made available, these are also modified and all models rerun.

Upon receipt of the first ASTER imagery a thermal anomaly map is produced, and flow locations and lengths assessed on the basis of the spatial distribution of spectral radiance in 90 m ASTER band 12 (thermal infrared, 8.925-9.275 µm). In addition, vent location is checked where the intense thermal anomaly at the vent is apparent in ASTER band 3 (near-infrared, 0.807 µm) image. The 15 m-pixel size, and one pixel accuracy of the geolocation, allows the location of the vent hot spot to ±15 m. This is often better than that provided by hand-held GPS, which when run in a fast moving helicopter records a point that will lag behind the craft point by several hundred meters. If this is the case, the vent location is updated and new DOWNFLOWGO runs are produced. If tubes begin to extend from the vent, this-following [START_REF] Wright | Visualizing active volcanism with high spatial resolution satellite data: the 1991-1993 eruption of Mount Etna[END_REF]-becomes apparent in the high spatial resolution satellite images from the distribution of spectral radiance. In such as case, the source for DOWNFLOWGO will be moved to the tube exit.

In addition, InSAR interferograms and SfM data are processed for flow thickness and length maps that both add to the information flow and allow validation of model-based flow-length projections. Although remaining largely underutilized in an operational response sense, the value of such data in producing lava flow thickness maps as long been known (e.g., [START_REF] Zebker | Analysis of active lava flows on Kilauea volcano, Hawaii, using SIR-C radar correlation measurements[END_REF][START_REF] Rowland | Topographic analyses of Kilauea volcano, Hawaii, from interferometric airborne radar[END_REF][START_REF] Mackay | Thick lava flows of Karisimbi volcano, Rwanda: insights from SIR-C interferometric topography[END_REF][START_REF] Stevens | Emplacement of the large andesitic lava flow in the Oturere Stream valley, Tongariro Volcano, from airborne interferometric radar[END_REF][START_REF] Lu | Estimating lava volume by precision combination of multiple baseline spaceborne and airborne interferometric synthetic aperture radar: The 1997 eruption of Okmok volcano, Alaska[END_REF], as has the potential for merging with ancillary data, such as thermal-IR-derived TADRs and model-based lava flow run-outs (Rowland et al., 2003). The InSAR method consists of computing an interferogram by subtracting the phase between two SAR images acquired for the same area at different times (for details of the method see Appendix B). These statistics which are input into a fourth field in the reporting form (Appendix A) and are also used to update the DEM used for flow path runs.

Validation

On 4 May 2018 an over flight was made in an ultra-light aircraft at a flight height of around 310 m above the ground surface. A thermal camera was used to collect 52 images of the lava flow field and vent system between 12:15 and 12:30 local time. The thermal camera was a FLIR Systems T650 which provides a 640 × 480 pixel image in the 8-14 µm waveband, with 0.65 mrad pixels. This, over a line-of-sight distance of 460 m (and viewing angle of 48°) gives a pixel size of 0.3 m. Images were used to obtain vent (eruption) temperatures and down channel surface temperature profiles to use in FLOWGO, as well as channel and flow dimensions plus radiative (Q rad ), convective (Q conv ) and total (Q tot = Q rad + Q conv ) heat fluxes to check against model output. In addition, the MODIS and ASTER images collected at 10:30 (local time) on the same day (i.e., two hours previously) were fitted to the thermal camera image mosaic to allow the heat fluxes and TADRs to be compared. TADR was extracted from the thermal camera images using TADR = Q tot / (c p T + f ), in which is the lava density, c p is specific heat capacity, T is the cooling range, f is the fraction of crystals grown down flow and is latent heat of crystallization. Values characteristic of recent lavas at Piton de la Fournaise were used for , c p , and f, these being 2079 kg/m 3 , 1225 J/kg K and 0.1, respectively, with a cooling range of 75-250 °C [START_REF] Harris | Lava effusion rate definition and measurement: a review[END_REF]. At the end of the eruption, following sample analysis, the chemical, temperature, crystallinity and vesicularity sections of the initialization file for flow modeling are checked, and if necessary, updated (Table 1).

Results

The trigger for the protocol of Figure 2 was the Bulletin released by OVPF on 27 April 2018 at 20h30 local time (16h30 UTC). The bulletin declared that a seismic crisis had begun at 20h15 local time (16h15 UTC) accompanied by rapid ground deformation indicative of "magma leaving the storage system and propagating towards the surface" [START_REF] Peltier | Bulletin du 27 avril 2018 -20:30 heure locale Observatoire Volcanologique du Piton de la Fournaise[END_REF]. Consequently, an eruption was declared probable in the following minutes or hours, and the alert level was set to "Alert 1" [START_REF] Peltier | Bulletin du 27 avril 2018 -20:30 heure locale Observatoire Volcanologique du Piton de la Fournaise[END_REF]. As a result, the MIROVA "watch" began at 20h30 (16h30 UTC) on 27 April, with an ASTER URP being triggered at 04h25 (00h25 UTC) on 29 April (Appendix C). In addition, on receipt of the Bulletin, DOWNFLOWGO was loaded with the most recent DEM of Piton de la Fournaise, this being the 5-m DEM generated from LiDAR data in 2010 modified by adding the largest flow fields in the area that are the October 2010 and the August 2015 using the InSAR-based thickness maps.

The eruption began at 23h50 local time (19h50 UTC) on 27 April. Initially DOWNFLOWGO was run from a vent location set on the basis of fissure location relative to pre-existing topographic features as apparent in images acquired by OVPF's web-cam monitoring network. For this case, the camera used was that of "Piton Bert" (BERC, http://www.ipgp.fr/fr/ovpf/reseau-de-cameras) which targets this sector of the volcano. Comparison of a daytime image as a background layer and an image acquired during the eruption revealed the fissure to approximately extend between two newly formed cinder cones at an elevation of 2200 m on the SW flank of the terminal cone. These cones were located at 365375 m E; 7649065 m S and 365500 m E; 7848455 m S, and DOWNFLOW was launched from a point between the two cones at 365377 m E; 7648853 m S. This showed that the flows would likely move SW down the flank of the terminal cone, and then turn SE to following the caldera wall to the coast (Figure 3). The effusion rate contour map for this case was subsequently produced and posted on the reporting form (Figure 3). This revealed that flows fed at sustained rates in excess of 120 m 3 /s were capable of reaching the island belt road, to reach the coast.

However, because a 4 km wide basin existed after a distance of 4 km from the vent, flows became held up at this point, with even flows at 80 m 3 /s coming to a halt 4 km from the vent; and to push the model across the basin needed more than 120 m 3 /s. Thus, in reality, our prediction was that either time would be needed to fill this basin, where lava needed time spread and pile up, and/or for a tube to develop across the basin-a little like the case of lava flow advance towards Etnea Zafferana in 1992 [START_REF] Barberi | The control of lava flow during the 1991-1992 eruption of Mt. Etna[END_REF]).

The first cloud-free MODIS overpass occurred at 09h55 (UTC, 13h55 local time) on 28 April, i.e., around 14 hours after the eruption began. This yielded a TADR of 10-20 m 3 /s (Table 2). These values were immediately input into the reporting sheet, thereby being handed onwards for input into the PyFLOWGO initialization file. The first lava flow projection map was thus also completed and posted; revealing flows were capable of extending up to 1180-2510 m under initial conditions (Figure 4a). The latency between satellite overpass and TADR provision was 105 minutes, with the model result being posted 15 minutes later. The first S1B InSAR image pair was completed around six hours after the eruption began and was also entered into the reporting sheet (Figure 5a). These revealed that the flow was already 1.8 km long and covered an area of 0.5±0.1 × 10 6 m 2 (Table 3); giving an initial extension rate of around 5 m/min and coverage rate of 1400 ²/min. On the same day, at 09h00 (local time), the first SfM survey was completed and by 16h00 (local time) approximate location of the fissures and flow outline from aerial images were published by the OVPF.

At 03h33 (UTC, 07h33 local time) on 30 April, after a new aerial visit of the eruption, the center of the main fissure was precisely given at 365365 m E; 7648810 m S. By this time, however, MODISderived TADR had declined to 3.7-6.9 m 3 /s (Table 2). Updating PyFLOWGO revealed reduced runouts of 0.7-1.0 km. The first cloud-free ASTER image was acquired on 2 May. This revealed an 11 pixel-long anomaly of saturated pixels orientated NE-SW on the south flank of the Dolomieu (Figure 6)-equivalent to a 990 m long zone of active lava (Table 4). The active vent was apparent as a single pixel hot spot in the 15-m near-infrared data and the vent location was updated to 365280 m E; 7648835 m S (Appendix D), with the TADR for this day being 3.6-4.6 m 3 /s (Table 2). These details were updated in the reporting form, and the vent location for DOWNFLOWGO adjusted slightly (although this had no effect on the flow paths or LoSD). The following day (3 May), the second coherence map was produced. This revealed that the lava flow field had, at some point, reached the base of the caldera wall, turning SE to follow the base of the wall (Figure 6) having attained a length of 2.5 km (Table 3). The shorter length of the active flows implied by the size of the thermal anomaly in ASTER on 2 May, as well as the 17 pixel (1530 m) long zone of cooler pixels beyond the front of the main hot spot indicated that flow front locations had begun to retreat back up flow by this time.

The thermal camera imagery obtained from the over-flight of 4 May confirmed that activity had diminished, and comprised tube-fed breakouts of channel-fed 'a'a (Figure 1c). Two main breakouts were located where the southern breakout was fed by a 2 m-wide channel which fed a 110 m pad of 'a'a. Total heat flux from the breakout was 435±50 MW, which converted to a TADR of 0.61-1.65 m 3 /s. ASTER imagery revealed that, by 9 May, the tube had extended 2430 m (Figure 6) to feed lava flows of around 1.4 km in length. At the same time, MIROVA revealed continued decline in TADR (Figure 7) to between 1 and 2 m 3 /s. As a result, the vent location for DOWNFLOW was moved to the tube exit, which ASTER gave as being at 364685 m E; 7647090 m S, and FLOWGO run at 1.6 and 3.8 m 3 /s (Table 2) with an updated channel width and eruption temperature (Table 1). This gave flow lengths of 1-2 km beyond the end of the tube system (Figure 4b).

Thereafter, TADRs remained at low levels (Figure 7) and the flow field continued to build parallel with the base of the caldera wall (Figure 5). TADRs of 0.8 m 3 /s characteristic of the final week of the eruption (Table 2) gave flow lengths that extended just 1 km from the end of the tube (Figure 4b). The flow field (both predicted and measured) attained a final length of 4.1 km and area of 1.3±0.1 × 10 6 m 2 (Table 3), and a volume of 5.5±1.6 x 10 6 m 2 (Table 2). In all, 35 TADR sets were processed by MIROVA (Table 2), 15 image pairs were processed for coherence analysis (Table 3), 11 ASTER images were obtained using the ASTER URP (Table 4) and DOWNFLOWGO was launched three times as TADR and vent location changed. Additionally, six aerial photograph data sets, two aerial IR image surveys and multiple field observations, including lava and tephra sampling, gas analyses, UAV over flights were completed by the OVPF. The final reporting sheet, filled out with all derived values from this data set, is given in Appendix D.

Discussion

The aerial survey mapping of the flow field of 30 April allowed checking of the dimensions of the lava flow field derived from InSAR data; the center line length being 1.8 km (the same as that given by InSAR) and the area having excellent coincidence with the zone of incoherence obtained from the InSAR data. Likewise, dimensions of InSAR zones of incoherence, ASTER thermal anomalies and FLOWGO lengths are in excellent agreement (Figure 8). For example, the thermal anomaly in ASTER on 2 May revealed that flows had extended to a maximum distance of 2520 m in the proceeding days. This compares with the 2.5 km long zone of incoherence recorded by the InSAR pair processed the following day (3 May) and the 2510 m flow length generated by FLOWGO using the maximum TADRs obtained from MIROVA the first few days of the eruption. Closing the circle with validation of the FLOWGO run outs with good fits with dimensions of incoherence and thermal anomalies in InSAR and ASTER data gives us confidence in the source terms (including MIROVA-derived TADR) entered into the model. We next assess the uncertainty in those MIROVA-derived TADR, as well as the FLOWGO run-outs and errors due to DEM problems.

Validation of MIROVA-derived TADR

The image collected on 4 May by MODIS-MIROVA indicates a total radiant power (Q rad ) of 497±149 MW, corresponding to a total TADR of 2.6±0.6 m 3 /s. Total radiant power is around 42 % of that measured for the south breakout on 4 May using the thermal camera (i.e., 209±20 MW). The TADR (1.13±0.52 m 3 /s) obtained from the thermal image is also 43 % that of the MODIS-MIROVA, indicating confidence in the latter value and the conversion routine used. In this regard, MODIS-MIROVA uses the conversion Q rad /TADR = c Rad [START_REF] Coppola | A comparison of field-and satellite-derived thermal flux at Piton de la Fournaise: implications for the calculation of lava discharge rate[END_REF]). For Piton de la Fournaise, [START_REF] Coppola | A comparison of field-and satellite-derived thermal flux at Piton de la Fournaise: implications for the calculation of lava discharge rate[END_REF] used thermal camera data for the May-June 2003 eruption to obain c Rad of 2.5±1 × 10 8 J m -3 . The value of c Rad obtained here is 2.3±1 × 10 8 J m -3 indicating that the conversion factor is stable, still holds and provides a TADR in good agreement with ground truth.

FLOWGO Uncertainty

To test uncertainty, we take our initial run of 28 April which was initialized with a TADR of 20 m 3 /s and vary the source terms of Table 1 within reasonable limits. Using the generic source terms of Table 1, the model solved for a channel depth of 4 m give a distance of 2510 m (Figure 4a).

Our first uncertainty is in eruption temperature. Thermal camera imagery of the vent on 4 May yielded maximum temperatures of up to 1210±40 °C, a value which is suspiciously high. On 10 May, similarly suspicious temperatures of 1700 °C were recorded over a small skylight at the base of the main scoria cone. These temperatures are higher than the liquidus for Piton de la Fournaise and therefore cannot correspond to lava temperatures. However, nighttime observations revealed flames over the vent, so this appears to be a flame temperature, where the presence of the flame likely explains the intense thermal anomaly in the ASTER NIR band. Flame-free maxima were 1142±35 °C, consistent with temperatures obtained from the glass chemistry. If we update the eruption from 1114 °C temperature to 1142 °C (and readjust the channel dimension to balance for similar TADR) this increases the run out by just 30 m, revealing that a 3 % uncertainty in eruption temperature results in a 1 % uncertainty in run out.

Our second uncertainty is in bubble content and crystallinity and associated rheology models. Based on our analysis of lava samples from the 2015 channel, bubble content could be as high as 50 vol.% and phenocryst content as low as 1 vol.%. Because we use a simple two phase (fluid+crystals) mixture model bubble content effects the velocity equation through its effect on density, while the lower starting crystal content reduces the viscosity of the mixture. While increasing the vesicularity to 50 vol.% decreases run-out by 120 m (11 %), decreasing the phenocryst content to 1 vol.% increases run-out by 470 m (28 %).

The third uncertainty is on surface temperature which controls heat loss and hence cooling rate. We have used the typical effective radiation temperature approximated from the data of Flynn and Mouginis-Mark (1994) for a lava channel on Kilauea to initialize the model (Table 1). The thermal imagery of the south break out channel indicates that this may be a little low, where temperatures down the center line are 520-890 °C, with a mean and standard deviation of 740 °C and 80 °C. If we use this mean temperature for the effective radiation temperature, we have a flow length that decreases by 230 m (23 %).

Our final uncertainty is on channel width. If, for example, we reduce to a width of 2 m, depth and velocity have to increase to 1.1 m and 4.8 m/s to balance the TADR. This yields a runout of 2550 m or 46 % longer, so that an uncertainty on channel depth of 50 % yields uncertainty on runout of the same order. However, to extent uncertainties may cancel. If for example, we increase the vesicularity to 50 vol.% but decrease the phenocryst content to 1 vol.% we change the runout by just 50 m (for the same TADR). Likewise, if we decrease channel width to 2 m, but increase surface temperature to 740 °C we change the runout by 50 m. Thus, our error appears to be around 4-5 %, so that the error on a predicted runout of 3000 m, is just less than a few hundred meters.

DEM uncertainty

Until now, for the near real time response at the effusive crises at Piton de la Fournaise, DOWNFLOW was run on the SRTM DEM from 2005. When we first ran the DOWNFLOW simulation (in May), the LoSD was not south to the base of the Enclos Fouqué wall, but projected due East. It was not possible to simulate the actual flow path because post-2005 topography could not be accounted for. However, now that we have updated our flow projection by using the 5-m 2010 DEM to which lava flow fields from October 2010 and August 2015 (which were both in the southern area of the Enclos Fouqué) were added, the predicted path is south, moving around the western edge of the 2015 flow field, and to reach the wall before flowing to the east along its base. This was exactly the trajectory of the flow. Note that although the eruptive fissures were located near and onto the February 2015 flow (on the distal part) we did not update the DEM with this lava flow as it did not interfere with the ongoing flow process. To model flows on a very active volcano, where topography is constantly changing, we thus need a DEM that is updated after each eruption, so as to reduce uncertainties on predicted flow inundation area.

To obtain the inundation area, DOWNFLOW needs to be calibrated to a specific scenario, and this is achieved by tuning N and Dh (Favalli et al. 2011). Previous simulations that were compared with real cases at Piton de la Fournaise showed that N=10000 and Dh of 2.5 m gives a good approximation of the proximal area around the Dolomieu, while a Dh of 0.8 m gives a better estimation of the lava flow distal, coastal zone. Subsequently, to obtain the LoSD, DOWNFLOW is first run with 1000 iterations at Dh=1 mm which allows pits and holes to be filled. This filled DEM is then used to obtain a second LoSD with N=1 and Dh=0.001). Down the LoSD a slope value is extracted every 10 m for use in PyFLOWGO. PyFLOWGO includes traps for cases where slope values are negative or zero, where the slope is recalculated at each step from the average of the five previous and five following positive and non-zero values down the LoSD [START_REF] Chevrel | PyFLOWGO: An open-source platform for simulation of channelized lava thermo-rheological properties[END_REF]. This allows FLOWGO to overcome small terrain irregularities, and to project across holes and pits as well as flat zones. The value of 10 m has been chosen from several simulations and seems to be the best suited value. Although precise DEMs are always preferred, we find we have to smooth the LoSD in order to obtained results in agreement with reality.

In the present case, the changes in vent location between the first estimation and the coordinates obtained in the field or from the satellite images did not change significantly. The effect on the predicted flow path was therefore minor and limited to within 100 m of the vent area. However, knowing, and moving to, the break out location of 9 May, was essential to predict the final flow length (at the given new TADR). The protocol we are offering here, that is sharing ASTER, MODIS, and DOWNFLOWGO allow a back and forth to update the vent location and is therefore of major improvement for correct estimation of the lava flow path and runout distance. In addition this protocol is of service to OVPF to aid in monitoring needs for lava flow field evolution allowing both crisis management and appraisal of need to evacuate ground based monitoring stations falling in flow paths.

Conclusion

With the near-real time availability of data from so many satellite-based sensors, as well as the immediate availability of ground truth through upload to internet-based data hubs, the best way forward to tracking an effusive crisis is an ensemble-based approach. Such a system is open to expansion and ingestion of further data sets to improve coverage and further reduce lags between event and measurement. For example, VIIRS (Visible Infrared Imaging Radiometer Suite) can be considered as an extension to MODIS [START_REF] Blackett | An initial comparison of the thermal anomaly detection products of MODIS and VIIRS in their observation of Indonesian volcanic activity[END_REF], and Sentinel-2 as an extension to ASTER [START_REF] Cappello | Satellite-driven modeling approach for monitoring lava flow hazards during the 2017 Etna eruption[END_REF], with other sensors being incorporated as they come on-line. In this regard, technology is constantly evolving with new potential coming-on line every year where, for this case, we have begun to convolve data from sensors flown on UAVs, as well as from crowdsourcing. Another developing avenue is small, low cost satellite networks, such as the small satellite Technology Experiment Carrier-1 (TET-1) as developed by the German Aerospace Center and dedicated to monitoring high temperature events [START_REF] Zhukov | Spaceborne detection and characterization of fires during the bi-spectral infrared detection (BIRD) experimental small satellite mission (2001-2004)[END_REF]. Such systems offer high spatial resolution (160 m) thermal infrared imagery at a relatively high temporal resolution (3 days) and have shown to be of value in tracking effusive crises yielding TADR time series to supplement those provided by MODIS (Zakšek et al. 2005).

As shown here, merging thermal data of different resolutions allows time series generation with the best possible temporal resolution and precision; cross-validation of TADR, error and uncertainty assessment; and input into lava flow emplacement models. The next step will be the use of InSAR data to allow DEMs to be updated between eruptions so as to ensure that flow paths are correct and use the most up-to-date topography available, with the DEM evolving as the topography changes. This is a key feature, especially during a long-term eruption with changing topography and vent position. In turn, the chain can be inverted where good agreement of model-predicted flow lengths with dimensions of thermal and incoherence anomalies in high spatial resolution and thermal data suggests that the source terms input into the model are valid. Another key feature explored here is immediate delivery of a flow run out map that considers all feasible TADRs. This means that delivery of the hazard map, which can be created in a few minutes, does not have to be attendant on the first, cloud-free satellite overpass for delivery of a TADR. Instead, the map gives the hazard manager an immediate idea of possible event scenario's which can be assessed and checked when the first TADR comes in, and updated as vent locations and topographies change. Figure 6. Time-series of ASTER TIR images with active flows apparent as elongate thermal anomalies (higher pixel-integrated temperatures give lighter tones: white are the hottest pixels, and black are the coldest). Note how the highest intensities in the thermal anomaly move down flow with time, and effect of lava tube extension. Table 1. Key thermal, textural and rheological source terms used to initialize PyFLOWGO at Piton de la Fournaise as given by [START_REF] Chevrel | PyFLOWGO: An open-source platform for simulation of channelized lava thermo-rheological properties[END_REF]. These are based on measurements and best-fit testing of FLOWGO on lava channels active during the December 2010 eruption of Piton de la Fournaise as described in [START_REF] Harris | Simulating the thermorheological evolution of channel-contained lava: FLOWGO and its implementation in EXCEL[END_REF] <place time-series graph here> Y1-axis = "TADR (m 3 /s); Y2-axis = "Volume (× 10 6 m 3 )"; x-axis "Date (mm-dd)" Field 2: FLOW SIMULATION 

Appendix B

InSAR data processing

The InSAR method consists of computing an interferogram by subtracting the phase between two SAR images acquired of the same area at different epochs. The phase recorded on a SAR image depends both on the radar wave round trip travel time between the instrument and the ground, and on the interaction between the radar wave and reflectors on the ground surface. Provided that this last component remains stable between two successive acquisitions, the differential phase displayed on the interferogram will only reflect changes in the radar wave travel time between the two acquisitions and can be exploited to measure possible ground surface displacement occurring between the two acquisitions. This is the classical application of InSAR that has seen a succesful development in the field of volcanological application since the pioneering work of [START_REF] Massonnet | Deflation of Mount Etna Monitored by Spaceborne Radar Interferometry[END_REF] (e.g., [START_REF] Biggs | Global Volcano Monitoring: What Does It Mean When Volcanoes Deform?[END_REF][START_REF] Pinel | Volcanology: Lessons Learned from Synthetic Aperture Radar Imagery[END_REF][START_REF] Massonnet | Deflation of Mount Etna Monitored by Spaceborne Radar Interferometry[END_REF][START_REF] Ferretti | Permanent Scatters in SAR Interferometry[END_REF][START_REF] Hooper | A New Method for Measuring Deformation on Volcanoes and Other Natural Terrains Using InSAR Persistent Scatterers[END_REF]).

If the geometry or dielectrical properties of the reflectors on the ground change significantly between the two radar acquisitions, the differential phase will appear very noisy ("decorrelated" or "incoherent") on the interferogram, making it unexploitable for displacement measurement. This generally occurs when the ground is covered by dense vegetation, the geometric properties of individual plants changing very quickly due to continuous growth or to the motion of leavees in the wind. It could also occur when heavy rain, snow fall, strong erosional events, air fall (in volcanic context) occurs between the two radar acquisitions. Interferometric coherence provides an estimation of the temporal stability of the ground contribution to phase measurement. It is generaly derived as an inverse function of the phase variance calculated between neighboring pixels (e.g., in a 3 × 3 pixels box) in the interferogram and is usualy represented as an image where very coherent pixels have values close to one and poorly coherent pixels have values close to zero.

If a lava flow is emplaced between two successive SAR acquisitions, the interferometric coherence will be very low in the area covered by the lava flow due to the change in the geometry of the ground reflectors there. If, in contrast, the surrounding area remains coherent on the interferogram (i.e., if the lava flow is emplaced on bare rock or soil), the lava flow will appear on the interferometric coherence image as a black area surrounded by lighter-toned pixels. This is typicaly the case at Piton de la Fournaise when a lava flow is emplaced in the (largely) vegetation-free Enclos Fouqué caldera (the upper part of the volcano) where the interferometric coherence is very high (>70 %). Here, by detecting the boundary between dark and light-toned areas one can obtain a map of the lava flow contour (e.g., Rowland et al. 2003;[START_REF] Dietterich | Tracking Lava Flow Emplacement on the East Rift Zone of Klauea, Hawaii, with Synthetic Aperture Radar Coherence[END_REF][START_REF] Bato | Monitoring an Effusive Eruption at Piton de La Fournaise Using Radar and Thermal Infrared Remote Sensing Data: Insights into the October 2010 Eruption and Its Lava Flows[END_REF].

In this study, we exploited interferometric coherence images to produce an early map of the April-May 2018 lava flow. To provide relevant data for input in the response protocol in as timely fashion as possible, we used only ESA Sentinel-1 data. Sentinel-1A/B data are acquired for La Réunion island every six days both during ascending and descending passes, alternatively in Interferometric Wide Swath mode (IW, range spacing = 2.33 m, azimuth spacing = 14.06 m) and in Stripmap mode (SM, range spacing = 2.66 m, azimuth spacing = 4.15 m). The data are made freely available by the European Space Agency (ESA) via the Sentinel-1 Data Hub between 4 and 24 hours after acquisition.

As it is not possible to produce an interferogram by combining IW with SM data, so the shortest time period between two usable interferograms is 12 days. We compute the interferograms and the coherence images using the Doris 5.0.3 InSAR processor [START_REF] Kampes | Doris: The Delft Object-Oriented Radar Interferometric Software[END_REF][START_REF] Kampes | Radar Interferometry with Public Domain Tools[END_REF]. To georeference the interferometric products, we used a 5 m resolution Digital Elevation Model (DEM) produced by the French Geographic Institute from two airborne LiDAR sur-veys carried out over La Réunion in 2008 and 2009. After georeferencing, the coherence maps derived from IW data have a 15 m pixel size, and those derived from SM data have a 5 m pixel size.

To discriminate, in the coherence images, areas covered by lava flow from other poorly coherent areas (e.g., due to air fall or to changes in the soil moisture between the two radar acquisitions) we developed a three step procedure. The first step consists of applying a median filter on the coherence image. Then, in a second step, we perform a clustering-based image thresholding approach: the Otsu algorithm [START_REF] Otsu | A Threshold Selection Method from Gray-Level Histograms[END_REF]). The resulting binary image is used to trace the lava flow boundary (including boundaries of kipukas) using the bwboundaries Matlab© function. Finally, the lava flow surface area is estimated with associated uncertainty taking into account the pixel surface and the probability that each pixel belongs to the lava flow knowing its coherence.

As the April -May 2018 eruption lasted more than one month, we were able to compute several coherence images combining, for a given acquisition geometry and mode (ascending or descending pass, IW or SM mode), a unique master image with several slave images. The master images were acquired before the beginning of the eruption and the slave images during the eruption, or just after its end. This allowed us to estimate the evolution of the lava flow surface area at different epochs (see Appendix D). Moreover, several interferograms, spanning the total duration of the eruption, were produced by combining a master image acquired before the beginning of the eruption and the slaves images acquired in the weeks following the end of the eruption. The coherence images associated with these interferograms have been stacked to produce an accurate map of the final lava flow extension and its total surface area (see Appendix D).

Generaly, the lava flow field becomes coherent a few weeks to a few months after the end of the eruption [START_REF] Bato | Monitoring an Effusive Eruption at Piton de La Fournaise Using Radar and Thermal Infrared Remote Sensing Data: Insights into the October 2010 Eruption and Its Lava Flows[END_REF][START_REF] Chaussard | Subsidence in the Paricutin Lava Field: Causes and Implications for Interpretation of Deformation Fields at Volcanoes[END_REF][START_REF] Wittmann | Post-Emplacement Cooling and Contraction of Lava Flows : InSAR Observations and a Thermal Model for Lava Fields at Hekla Volcano , Iceland[END_REF]. The thickness of the lava flow field can be estimated from the topographical residuals in the interferograms. These residuals reflect the deviation between a reference DEM used in the interferometric processing and the actual topography [START_REF] Massonnet | Radar Interferometry and Its Application to Changes in the Earth's Surface[END_REF]. Since the amplitude of topographic residuals is proportional to the perpendicular baseline of the interferometric couple [START_REF] Massonnet | Radar Interferometry and Its Application to Changes in the Earth's Surface[END_REF], one can obtain a relatively accurate determination of the changes in the volcano topography due to lava flow emplacement by a statistical exploitation of several interferograms covering a large range of perpendicular baseline [START_REF] Bato | Monitoring an Effusive Eruption at Piton de La Fournaise Using Radar and Thermal Infrared Remote Sensing Data: Insights into the October 2010 Eruption and Its Lava Flows[END_REF]. The lava thickness obtained in this way can be used not only to evaluate the volume of the lava flow field, and then, by making some assumptions on the lava porosity, the volume of lava emitted, but also to update the DEM after each eruption. Such an update is mandatory to achieve model-based flow-length projections. Unfortunately, in the case of the April 2018 eruption, we could not use the Sentinel-1 interferograms to determine the lava flow thickness since the perpendicular baseline (B perp ) of the S1 interferometric couples was always very low ( 48 m 35 m). A particular effort has been made by ESA in the Sentinel-1 system design to achieve an orbital tube of 50 m radius (rms). This guaranties high performances for ground surface displacement measurement purposes by reducing the sensibility of the interferograms to possible topographic artifacts. However, in our case, this "improvement" is a disadvantage since we are looking for topographic residuals [START_REF] Ebmeier | Measuring Large Topographic Change with InSAR: Lava Thicknesses, Extrusion Rate and Subsidence Rate at Santiaguito Volcano, Guatemala[END_REF][START_REF] Albino | High-Resolution TanDEM-X DEM : An Accurate Method to Estimate Lava Flow Volumes at Nyamulagira[END_REF][START_REF] Kubanek | Volumetric Change Quantification of the 2010 Merapi Eruption Using TanDEM-X InSAR[END_REF][START_REF] Kubanek | Lava Flow Mapping and Volume Calculations for the 2012-2013 Tolbachik, Kamchatka, Fissure Eruption Using Bistatic TanDEM-X InSAR[END_REF][START_REF] Bato | Monitoring an Effusive Eruption at Piton de La Fournaise Using Radar and Thermal Infrared Remote Sensing Data: Insights into the October 2010 Eruption and Its Lava Flows[END_REF][START_REF] Kubanek | TanDEM-X Time Series Analysis Reveals Lava Flow Volume and Effusion Rates of the 2012-2013 Tolbachik, Kamchatka Fissure Eruption[END_REF]. The characteristics of CosmoSky-Med and TerraSAR-X/TanDEM-X constellations make them better suited for this type of application. The use of future CSK and TSX/TDX acquisitions for Piton de la Fournaise will allow us to calculate the April-May 2018 lava flow thickness. 
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 Captions1 Figure Captions
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 2 Figure 2. Flow chart giving the call-down and reporting procedure, as well as flow of source terms, between each model.

Figure 3 .

 3 Figure 3. DOWNFLOW inundation area for a 10000 iterations from the initial vent location with DEM noise (Dh) of 0.8 m (light blue) and 2.5 m (dark blue), with the line of steepest descent in red.Yellow stars give the distance down the LoSD FLOWGO runs at each generic effusion rate (numbers are in m 3 /s). These are the "effusion rate contours" for this eruption.

Figure 4 .

 4 Figure 4. Distance down the LoSD (red line) that FLOWGO will run at the given effusion rates, these being the numbers (in m 3 /s) next to each star. Runs are given from (a) the initial vent location of 28 April, and (b) the tube exit on 9 May. Overlain are the limits of the flow field defined from InSAR incoherence (blue outline) and field mapping (yellow outline) on the same dates. Background shows the DOWNFLOW inundation area.

Figure 5 .

 5 Figure 5. Time-series of InSAR incoherence images with lava flow field outlined in blue.
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 7 Figure 7. MIROVA-derived TADR and cumulative volume.

Figure 8 .

 8 Figure 8. Comparison of ASTER thermal anomaly, InSAR incoherence and FLOWGO run outs for (a) 4 May (FLOWGO run from the initial vent location) and (b) 9 May (FLOWGO run from the tube exit along the new path, yellow line).
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Table 2 .

 2 . Cloud-free MODIS images processed and TADR delivered during the April-May 2018 eruption

	Parameter	Value	Units	Up-dated	Source
				value	
	Channel width	4	m	2 m	Updated from channel dimensions on aerial photos
					of 4 May
	Eruption Temperature	1114	°C	1140 °C	Updated from maximum temperature data from
					thermal imagery of the active vent on 4 May
	Phenocryst content	0.10	volume	0.01 vol.%	Minimum from the 2015 lava channel
			fraction		
	Bubble content	0.30	volume	0.5 vol.%	Maximum from the 2015 lava channel
			fraction		
	DRE Density	2970	kg/m 3		
	Crust cover	100	%		
	Effective Radiation Temperature	500	°C	740 °C	Mean temperature from thermal images of the
					south breakout channel on 4 May
	Melt viscosity	Model of Villeneuve et al. (2008)	Pa s		Temperature dependent viscosity for a Piton de la
					Fournaise melt
	Effect of crystals on mixture	Einstein Roscoe	Pa s		Valid for prolate crystal content < 0.1 (Mueller et
	viscosity				al.2010)

Table 3 .

 3 InSAR image pairs used to produce coherence maps during the April -May eruption, and the resulting flow lengths and flow field areas. The lines entered in bold are used in the reporting form (Appendix A). Track 144 for ascending pass; 151 for descending pass.

	Satellite	Mode	Date (dd/mm/yyyy)	Time (UT)	Length	Area	Error
		(track)	Master	Slave	(hh:mm:ss)	(km)	(x 10 6 m 2 )	(x 10 6 m 2 )
	S1B	SM (151)	16/04/2018	28/04/2018	01:46:38	1.8	0.5	0.1
	S1A	IW (144)	03/01/2018	03/05/2018	14:53:11	2.5	1.0	0.3
	S1A	IW (151)	22/04/2018	04/05/2018	01:47:32	2.6	--	--
	S1B	SM (144)	27/04/2018	09/05/2018	14:52:40	3.4	1.1	0.1
	S1B	SM (151)	16/04/2018	10/05/2018	01:46:39	3.5	1.2	0.2
	S1A	IW (144)	03/01/2018	15/05/2018	14:53:12	4.0	1.2	0.2
	S1A	IW (151)	04/05/2018	16/05/2018	01:47:32	4.1	1.3	0.3
	S1B	SM (144)	27/04/2018	21/05/2018	14:52:41	4.1	--	--
	S1B	SM (151)	16/04/2018	22/05/2018	01:46:39	4.1	1.3	0.1
	S1A	IW (144)	03/01/2018	27/05/2018	14:53:12	4.1	1.3	0.1
	S1A	IW (151)	04/05/2018	28/05/2018	01:47:33	4.1	1.3	0.1
	S1B	SM (144)	27/04/2018	02/06/2018	14:52:41	--	--	--
	S1B	SM (151)	16/04/2018	03/06/2018	01:46:40	--	--	--
	S1A	IW (144)	03/01/2018	08/06/2018	14:53:13	4.1	--	--
	S1A	IW (151)	04/05/2018	09/06/2018	01:47:34	4.1	--	--

Table 4 .

 4 ASTER-URP images acquired during the eruption response. From these data, vent locations and flow field lengths were derived. Note that when the 15 m VNIR are the only data acquired because of high angle off-nadir pointing, smaller-scale features are resolved, but the dimensions of active flow features based on their thermal signature cannot be measured without the 90 m TIR data.

	Date	Time	Mode	Vent Location	Tube Exit Location	Tube length	Active flow	Cooling flow
	(dd/mm/yyyy)	(hh:mm, UT)		(UTM)	(UTM)	(km)	length (km)	length (km)
	02/05/2018	18:56	Night time mode	0365216 m E;	n/a	0	0.99	1.53
			(TIR only)	7648811 m S				
	04/05/2018	06:34	Daytime full mode	0365261 m E;	n/a	0	0.89	1.33
			(both VNIR and TIR)	7648841 m S				
	09/05/2018	19:03	Night time mode	0365261 m E;	0364927 m E;	0.49	1.52	1.67
			(TIR only)	7648841 m S	7646953 m S			
	11/05/2018	6:40	Daytime off-nadir pointing mode	--	--	--	--	--
			(VNIR only)					
	13/05/2018	6:28	Daytime off-nadir pointing mode	--	--	--	--	--
			(VNIR only)					
	18/05/2018	18:57	Night time mode	cloudy	cloudy	cloudy	cloudy	cloudy
			(TIR only)					
	20/05/2018	06:34	Daytime full mode	cloudy	cloudy	cloudy	cloudy	cloudy
			(both VNIR and TIR)					
	25/05/2018	19:03	Night time mode	0365261 m E;	0364900 m E;	2.07	0.63	1.08
			(TIR only)	7648841 m S	7647010 m S			
	03/06/2018	18:57	Night time mode	cloudy	cloudy	cloudy	cloudy	cloudy
			(TIR only)					
	05/06/2018	06:34	Daytime full mode	Post-eruption	Post-eruption	Post-eruption Post-eruption Post-eruption
			(both VNIR and TIR)					
	19/06/2018	18:57	Night time mode	Post-eruption	Post-eruption	Post-eruption Post-eruption Post-eruption
			(TIR only)					
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Appendix C Example of ASTER URP email

Given here is an example of the ASTER URP trigger for April-May 2018 eruption of Piton de la Fournaise as triggered by the University of Hawaii's hot spot detection system, MODVOLC (Wright et al. 2002) The automatic response to this notification from the URP system was as follows :

From: aesics@usgs.gov <aesics@usgs.gov> Sent:

Saturday, April 28, 2018 3:31 PM Subject:

AESICS -New Request: Fournaise,_Piton_de_la