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= Overview s Groundwater and coverage of fiber and leveling networks SN Simulations <

Subsidence poses a considerable threat to the sustainability and economic advancement
of at least one-fifth of the world's population (Herrera-Garcia, 2021). This challenge is
especially pronounced in coastal and heavily urbanized regions, where ground subsidence
rates of several centimeters per month or several meters per decade are observed. The
origins of subsidence can be either natural or anthropogenic. It is predominantly
influenced by the hydrological, geological, and tectonic characteristics of the region, as
well as the geotechnical properties of the underlying formations.

REFIMEVE an NIREF networs | Groundwater (440 water masses_)ﬂ @ Gravitational signal and vertical displacement -2 Lion et al,, in prep
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| | * Clock comparisons integrate the effects at both the reference and compared stations
e . DR o AT * The signal must be corrected for classical gravitational effects in order to characterize
7 TRONE Al W e the displacement u_, and the gravitational potential changes AV due to the aquifer(s)
-, |  We assume no hydrological variation near the reference clock
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. . . . : ) @ Geopotential variations: AW = AQ + AV + AV, + AV, + AV__ .+ (...
This study aims to evaluate whether chronometric leveling, conducted in France, can SERR TR ey oy L P ® SET oTL PM aqui t ()
complement gravimetric, spatial imaging, and traditional leveling techniques for 3 I TG o e USROS « ®and V,,, > IERS 2010 conventions; V., = FES2014b
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investigating vertical soil dlsplacements. These dlsplacements result from dlsturb.ances in B il s B | e Veer=V,+8V,-gu, > V,: direct tidal effect; 8V, Earth deformation; u, : surface change
groundwater resources, which are monitored using piezometers, and can arise from - ey i ' | A or V" —(1+k —h )™ > Harmonic tables of tide-generating potential (HW95)
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\_Climatic or anthropogenic factors. J L. il :.y. W \gy (M de .- + elastic response of the Earth tides via Love number theory
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R : J -7 IR No data since 15 dayst 2304 b e 280 = \V._: gravitational potential of an aquifer
— — — NIREF (IGN): French scientific high-precision leveling network ~ Main aquifers classified by geological type - BDLISA v2 (BRGM) a'_g P _ q |
. . ] . REFIMEVE (SYRTE): optical fiber links .r___________:: Sedimentary basin _____ Volcanic - R|ght recta ngu|ar pnsm at depth P Pumping well
The study is part of the ANR ROYMAGE project, which aims to develop a transportable ———  European links () Alluvial ______ Mountain : . 3
ible opti isons wi T - Dimension: 120x60xAH [km?]  omE
tt b Yb i | | tti | k th | i f taint f 10-18 — - . = Possible optical clock comparisons with the SYRTE (reference) L Basement « LLVAVUVALQID NIy e e e e e e
ytterbium (Yb) optical lattice clock wi z.:\ relative frequency uncgr ainty o : > See for e.g. Mader (1951) S
Connected to the nodes of the REFIMEVE fiber network, the clock will enable remote - Both networks cross groundwater tables _ _ _ .
clock comparisons for conducting chronometric geodesy and geoscience applications. - Several segments of NIREF overlap with REFIMEVE u,, : vertical displacement of compacting reservoir -> See for e.g. Barbosa et al. (2022)

—> Variations in aquifer hydraulic head can induce vertical ground motions at local and

@ Chronometric leveling onal scal Peak-to-peak value - From 03/2023 to 03/2024 Max effect
. . . . . . . . regional scales
Gravitational redshift = General relativity predicts that time flows differently for clocks Def " £ 2 lovel rwork AV effects [m?/s?] Centrifugal Solid Earth  Ocean Tide  Polar motion P(m) AH=Im  AH=5m  AH<10m  AH=20m
placed in different gravitational potentials == Deformation of a leveling networ u, fem] o Tide Ve (u,) Loading Vor, Vo Vagu (U] Vagui (9) Va (U) Vo (13,
. . . . . aNn CIOCKS contribute To Improvin e vertical rererence: Paris (ref) 48201.56 5.11 (46) 0.03 0.17 - - - - -
Clock directl tential (not directly availabl Can clocks contribute to improving the vertical reference ?
= OCk comparisons can measure directly geopotential (not directly avaliable \- J Bordeaux-Paris 7182.85 0.67 (6) 0.04 <0.01 100 <0.01(0) 0.12(1) 024(2)  0.58(5)
with traditional techniques) and height differences Brest-Paris 3.34 0.90 (8) 0.12 0.02 20 0.01(0) 0.03(0) 0.07(0) 0.13(0)
: : L. : . Dunk -Pari -5022.91 0.28 (3 0.03 0.01 10 <0.01(0) 0.03(0) 0.06 (0 0.18 (1
Clock frequency shift Geopotential variations Height variations ] 1V C = - ~ un e_rque éf'S (3) < <0.01 (0) (0) (0) (1)
AF/f = 1047 (19 > AW = 1 (0.1) m/s? =) AH = 10 (1) em Marseille-Paris 9756.18 0.87 (8) 0 <0.01 10 <0.01(0) 0.03(0) 006(0)  0.18(1)
| ® Managed by the BRGM, the French geological survey Strasbourg-Paris ~ 1740.82 0.71 (6) 0 0.02 30 <0.01(0) 0.03(0) 0.10(1)  028(2)
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I Jr ¢ ¢ C, =W,—W, > Geopotential number g, = Mean gravity * Manage a national piezometric network with 1 600 boreholes for Brest, 500 MPa otherwise), Poisson’s coeff v=0.25, uniaxial compaction C_=0.8/E, mean porosity
H,=C,/Z» = Orthometric altitude * Diverse rock types leading to different permeabilities Permeability — with a density of 2.6 (granit, sandstone) for Brest and 1.6 (clay, marne) otherwise
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Altitude difference effect &gg Mass variations effect fee Y 8¢ ’ With centimeter variations, these preliminary results show that clock
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) ) ) ) o water table or no data . @ o M . : @' ; @ ] i ] ] ]
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. are e > Analysis of the InSAR products (e.g. EGMS) and GRACE solutions at local/regional scales
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=0 8e > Average hydraunc head variations around 1-5 meters 0. . S YEN Rl I = Lion, G., et al. (2023). Field optical clocks and sensitivity to mass anomalies for geoscience applications. In EGU 2023.
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