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          In the Archean Gorumahishani greenstone belt (~120 km) of the Singhbhum Craton, the komatiitic suite of rocks (~3.51Ga) is present at the lower part of the metamorphosed volcano-sedimentary sequence. The lower adcumulate zone (~28 m) of the komatiitic sequence is represented by meta-dunite whereas meta-peridotite is manifested in the spinifex zone (~200 m) that terminates with the komatiitic meta-basalt (~250 m). Serpentine, tremolite, chlorite, carbonate, hornblende, and epidote are the major minerals in the komatiites indicating a greenschist-amphibolite transition to amphibolite facies metamorphism. The modal% of chromite is higher in the spinifex zone than in the lower adcumulates. A gradual decrease in serpentine and an increase in tremolite and chlorite modal% is observed across the komatiitic sequence. Thus, bulk-rock geochemistry shows a decrease in Ni and MgO together with an increase in CaO, Al2O3, Fe2O3 (total), TiO2, Sc, Sr, and V from the lower to the upper part of the sequence. Pd/Ru and Pd/Ir show a negative relation with MgO and Cr which is due to the early removal of Ru and Ir by chromite from the komatiitic melt. Compositionally the komatiites are Ti-depleted in the western part and Al-depleted in the middle and eastern parts of the greenstone belt. A non-modal batch melting model shows that the Al-depleted komatiitic parental melt might be generated by ~27% partial melting of a rising mantle plume at the garnet peridotite stability field with ~15% garnet in the residue. The Ti-depleted komatiitic melt might be generated by ~45% partial melting of a depleted mantle peridotite of the same rising plume at the spinel peridotite stability field. The early Archean voluminous komatiitic magma of the Singhbhum Craton erupted in an intracontinental rift setting where the magma interacted with the primordial crust. High-temperature of the ascending komatiitic magma caused the melting of the primordial crust at different depths and in different degrees that produced the parental melt of the contemporaneous (ca. 3.5-3.3 Ga) tonalite-trondhjemite granodiorite-granite. The intracontinental rift basin gradually transformed into the ocean basin and a tectonic shift through the Meso to Late Archean produced the younger granite-greenstone association (ca. 3.2-2.8 Ga) within active continental margin settings.  
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          The 2022 Hunga eruption caused unprecedented stratospheric hydration.  Aura Microwave Limb Sounder (MLS) measurements show that the stratospheric water vapor mass remains essentially unchanged as of early 2024 and that the Hunga hydration occurred atop a robust (possibly accelerating) moistening trend in the stratosphere. Enhanced by the excess Hunga water vapor, dehydration via polar stratospheric cloud (PSC) sedimentation in the 2023 Antarctic vortex exceeded climatological values by ~50%. Simple projections, based solely on Antarctic dehydration, illustrate that the timing of the return to humidity levels that would have been expected absent the Hunga hydration depends on the ongoing stratospheric water vapor trend. For strong moistening, the influx of water entering the stratosphere could offset the enhanced PSC dehydration, resulting in a new, more humid 'equilibrium' stratospheric state. With the Hunga hydration compounding an underlying moistening trend, the stratosphere could remain anomalously humid for an extended period. 
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          In each of the last three decades of the 20 th century there were unprecedented expansions of sea-ice over the Labrador Sea basin and influxes of cold fresh water into the subpolar gyre which have been described as the Great Salinity Anomalies (GSAs). Employing data for sea surface temperature, salinity and sea ice cover, we propose that these events were downstream consequences of the expansion and subsequent melting of so-called 'Odden' ice formed over the deep basin of the Greenland-Iceland-Norway (GIN) Sea in the 1960s, 1970s and1980s and additional to the normal East Greenland shelf sea-ice. We expand previous findings that Odden ice expansions were linked to winter episodes of high atmospheric pressure north of Greenland that directed freezing Arctic winds across the GIN Sea and may also have been associated with increased Arctic sea-ice volume leading to enhanced ice export through Fram Strait. We show that cold water and ice derived from Odden melting in the summer passed through Denmark Strait and along the East Greenland shelf, and accumulated in the Labrador Sea, creating favourable conditions for winter ice formation during particularly cold years in southwest Greenland. Meltwater from Odden and Labrador Sea ice appeared to break out into the subpolar gyre in the fall of 1982 and 1984 respectively and this cold water represents the likely source of the 1982-1985 GSA. These findings further our understanding of the physical processes linking ice formation and melt with ocean circulation in this key component of the climate system.
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          The hydrogen isotopic compositions of the leaf-wax n-alkanes (δDalk) and n-alkanoic acids (δDacid) are known to reflect ambient climatic conditions (including precipitation δD values, δDPrecip). However, the climatic conditions of exactly which period (i.e. early or entire period of the leaf’s lifespan) these biomarkers represent, i.e. the seasonality in δDalk and δDacid records, is still evolving. The seasonality studies on the δDalk and δDacid values, done only in extra-tropical regions, mostly indicate the δDalk values are biased towards the early growing season whereas δDacid values are not biased towards any season. To decipher the seasonality in the δDalk and δDacid records from the tropics, we conducted a long-duration experiment wherein deciduous and evergreen species were grown using normal water (δD = −2‰) during the early stages of the leaf's growth and later using isotopically-labeled water (δD = 1000‰). Our experiment revealed (i) in deciduous and evergreen species, δDalk and δDacid values reflect δDPrecip during the early stages of the leaf's growth, (ii) synchronous synthesis of n-alkanes and n-alkanoic acids, and (iii) in deciduous species, minor incorporation of the previous year’s photosynthates in the leaf wax pool of the current year’s mature leaves. Our study suggests that the δDalk and δDacid records in the tropics are biased towards the climatic conditions prevailing during the early stages of the leaf's growth. This bias should be considered while comparing the δDPrecip values generated from the leaf wax proxy records and isotope-enabled atmospheric circulation models.
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          This paper revisits the theoretical framework of computing the economic value of groundwater in a dynamic context. Specifically, we prove that an additional type of economic value exists, that is, the dynamic reallocation value (DRV), which has been overlooked in existing studies, and we propose a new construction of the total economic value of groundwater with social implications for the role of groundwater in climate adaptation. We examine the existence of this new value and its underlying behavioural mechanism using a simple two-stage model, and then generalise the specification to a dynamic model with an arbitrary number of stages. We find that behind the positive values of DRV, users intentionally destabilize total water use by amplifying their reactions against surface water fluctuations and still realize a higher total expected benefit than in the case without uncertainty. We show that this behaviour is an intertemporal reallocation of groundwater intake against changes in intertemporal cost allocations caused by the users’ stabilizing behaviours. Disregarding the DRV underestimates the economic value of groundwater as an essential instrument for climate adaptation.
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          The Southern Ocean (SO) plays a fundamental role in the planet’s climate system, due to its ability to absorb and redistribute heat and CO2 (an important greenhouse gas). Besides, the SO interconnects three large oceanic basins the Pacific, the Atlantic, and the Indian Oceans, and it has an important role in the nutrient distribution into these oceans. However, the SO is poorly sampled with most measurements made in austral spring and summer. The variability of the air-sea CO2 flux is estimated, as well as the role of atmospheric and oceanic variables in this variability. The CO2 fluxes are calculated by the bulk parameterization method, in the Atlantic sector of the Southern Ocean, from 2003 to 2022, using in situ measurements, satellites and reanalysis data set. A neural network model is built to produce maps of the partial pressure of CO2 in seawater (pCO2sea). The CO2 flux varies from -0.05 to 0.05 gC m-² month-1. The Atlantic sector of the SO is a sink of CO2 in summer and spring and becomes a source in austral winter and autumn. The CO2 absorption intensifies from 2003 to 2022 by 7.6 mmol m-²month-1, due stronger westerly winds, related to the trend of the positive phase of the Antarctic Oscillation and the extreme events of El Niño and La Niña.
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          Climate change is anticipated to considerably reduce global marine fish biomass, driving marine ecosystems into unprecedented states with no historical analogues. The Time of Emergence (ToE) marks the pivotal moment when climate conditions (i.e. signal) deviate from pre-industrial norms (i.e. noise). Leveraging ensemble climate-to-fish simulations, this study examines the ToE of epipelagic, migratory and mesopelagic fish biomass, alongside their main environmental drivers, for two contrasted climate-change scenarios. Globally-averaged biomass signals emerge over the historical period. Epipelagic biomass decline emerges earlier (1950) than mesozooplankton decline (2000) due to a stronger signal in the early 20th century, possibly related to trophic amplification induced by an early-emerging surface warming (1915). Trophic amplification is delayed for mesopelagic biomass due to postponed warming in the mesopelagic zone, resulting in a later emergence (2000). ToE displays strong size class dependence, with medium sizes (20 cm) experiencing delays compared to the largest (1 m) and smallest (1 cm) categories. Regional signal emergence lags behind the global average, with median ToE estimates of 2029, 2034 and 2033 for epipelagic, mesopelagic and migrant communities, respectively, due to systematically larger local noise compared to global one. These ToEs are also spatially heterogeneous, driven predominantly by the signal pattern, akin to mesozooplankton. Additionally, our findings underscore that mitigation efforts (i.e. transitioning from SSP5-8.5 to SSP1-2.6 scenario) have a potential to curtail emerging ocean surface signals by 40%.
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          Increasing anthropogenic CO2 emissions to the atmosphere are partially sequestered into the global oceans through the air-sea exchange of CO2 and its subsequent movement to depth, and this collective large-scale absorption is commonly referred to as the global ocean carbon sink. Quantifying this ocean carbon sink provides a key component for closing the global carbon budget which is used to inform and guide policy decisions. These estimates are typically accompanied by an uncertainty budget built by selecting what are perceived as critical uncertainty components based on selective experimentation. However, there is a growing realisation that these budgets are incomplete and may be underestimated, which limits their power as a constraint within global budgets. In this study, we present a methodology for quantifying spatially and temporally varying uncertainties in the air-sea CO2 flux calculations and data that allows an exhaustive assessment of all known sources of uncertainties, including decorrelation length scales between gridded measurements, and the approach follows standard uncertainty propagation methodologies. The resulting standard uncertainties are higher than previously suggested budgets, but the components are consistent with previous work, and they identify how the significance and importance of key uncertainty components change in space and time. For an exemplar method (the UEP-FNN-U method) the work identifies that we can currently estimate the annual ocean carbon sink to an accuracy of ±0.72PgCyr-1 (1 standard deviation uncertainty). Due to this method having been built on established uncertainty propagation and approaches, it appears applicable to all data-product assessments of the ocean carbon sink.
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          This paper continues the exploration of \gls{ml} parameterization for radiative transfer for the \gls{icon}. Three \gls{ml} models, developed in Part I of this study, are coupled to \gls{icon}. More specifically, a UNet model and a bidirectional \gls{rnn} with \gls{lstm} are compared against a random forest. The \gls{ml} parameterizations are coupled to the \gls{icon} code that includes OpenACC compiler directives to enable \glspl{gpu} support. The coupling is done through Infero, developed by ECMWF, and PyTorch-Fortran. The most accurate model is the bidirectional \gls{rnn} with physics-informed normalization strategy and heating rate penalty, but the fluxes above 15\,km height are computed with a simplified formula for numerical stability reasons. The presented setup enables stable aquaplanet simulations with \gls{icon} for several weeks at a resolution of about 80\,km and compare well with the physics-based radiative transfer solver ecRad. However, the achieved speed up when using the emulators and the minimum required memory usage relative to the \gls{gpu}-enabled ecRad depend strongly on the \gls{nn} architecture. Future studies may explore physics-constraint emulators that predict heating rates inside the atmospheric model and fluxes at the top.
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          As climate modellers prepare their code for kilometre-scale global simulations, the computationally demanding radiative transfer parameterization is a prime candidate for machine learning (ML) emulation. Because of the computational demands, many weather centres use a reduced spatial grid and reduced temporal frequency for radiative transfer calculations in their forecast models. This strategy is known to affect forecast quality, which further motivates the use of ML-based radiative transfer parameterizations. This paper contributes to the discussion on how to incorporate physical constraints into an ML-based radiative parameterization, and how different neural network (NN) designs and output normalisation affect prediction performance. A random forest (RF) is used as a baseline method, with the European Centre for Medium-Range Weather Forecasts (ECMWF) model ecRad, the operational radiation scheme in the Icosahedral Nonhydrostatic Weather and Climate Model (ICON), used for training. Surprisingly, the RF is not affected by the top-of-atmosphere (TOA) bias found in all NNs tested (e.g., MLP, CNN, UNet, RNN) in this and previously published studies. At lower atmospheric levels, the RF can compete with all NNs tested, but its memory requirements quickly become prohibitive. For a fixed memory size, most NNs outperform the RF except at TOA. The most accurate emulator is a recurrent neural network architecture that closely imitates the physical process it emulates. The shortwave and longwave fluxes are normalized to reduce their dependence on the solar angle and surface temperature respectively. The model are, furthermore, trained with an additional heating rates penalty in the loss function.
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          River meanders are one of the most recurrent and varied patterns in fluvial systems. Multiple attempts have been made to detect and categorise patterns in meandering rivers to understand their shape and evolution. A novel data-driven approach was used to classify single-bend meanders. A dataset containing approximately 10 million single-lobe meander bends was generated using the Kinoshita curve. A neural network autoencoder was trained over the curvature energy spectra of Kinoshita-generated meanders. Then, the trained network was then tested on real meander bends extracted from satellite images, and the energy spectrum in the meander curvature was reconstructed accurately thanks to the autoencoder architecture. The meander spectrum reconstruction was clustered, and three main bend shapes were found associated with the meander datasets, namely symmetric, upstream-skewed, and downstream-skewed. The autoencoder-based classification framework allowed bend shape detection along rivers, finding the dominant pattern with implications on migration trends. By studying the shift in the prevailing bend shape over time, cutoff events were approximately forecast along the Ucayali River, whose migration was remotely sensed for 32 years. Overall, the method proposed opens the venue to data-driven classifications to understand and manage meandering rivers. Bend shape classification can thus inform restoration and flood control practices and contribute to predicting meander evolution from satellite images or sedimentary records.
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          Typhoons, fueled by warm sea surface waters, heighten concern as they increasingly interact with frequent Marine Heatwaves (MHWs) in a changing climate. Typhoon Hinnamnor (2022) weakenned and re-intensified as it approached the Korean Strait, interacting with underlying MHW in the northern East China Sea (nECS). Here, we found a substantial increase in latent heat loss from the nECS during the MHW period, contributing to the typhoon re-intensification from in-situ observations supplemented by reanalysis products. Strong sea surface wind forcing associated with the typhoon enhanced vertical mixing and upwelling, resulting in a pronounced (0.90°C) sea surface cooling after the typhoon passage, facilitating MHW dissipation with reduced thermal stratification. Such changes in background stratification, furthermore, significantly weakened semidiurnal internal tides due to unfavorable condition for generation from a nearby source. These findings underscore the importance of continuous time-series observations for monitoring interaction processes among the extremes in a changing climate.
        

    

  








  

  
    
    


    
      
        
        Turbulence characteristics of the Martian atmosphere surface layer based
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          Studying the Martian atmosphere is important in planetary science. The boundary layer turbulence is characterized at the Zhurong location using spectrum analysis, two-dimensional spectrum, and similarity theory. The results reveal that the atmospheric temperature and wind at the Zhurong location are consistent with Kolmogorov’s “-5/3” turbulence laws. The atmospheric movement at the Zhurong location has four usual weather scales: 50 m, 100 m, 150 m, and 200 m. The atmospheric refractive index structure parameters, and thus the effect of turbulence on the light propagation, at the Zhuong and Insight locations are 3 or 4 orders less than at the Perseverance location. The sensible heat flux values in the Zhurong location is mainly in the range of 0-10 W/m²and increases during measurement. The clear seasonal variability in heat flux flow with greater value in spring and summer than in autumn and winter is revealed at both the Zhuong and Insight locations.
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          Rapid and accurate maps of floods across large domains, with high temporal resolution capturing event peaks, have applications for flood forecasting and resilience, damage assessment, and parametric insurance. Satellite imagery produces incomplete observations spatially and temporally, and hydrodynamic models require tradeoffs between computational efficiency and accuracy. We address these challenges with a novel flood model which predicts surface water area from the U.S. National Water Model using a convolutional neural network (NWM-CNN). We trained NWM-CNN on 780 flood events, at a 250m resolution with an RMSE of 4.58% on held out validation geographies. We demonstrate NWM-CNN across California during the 2023 atmospheric rivers, comparing predictions against Sentinel-1 mapped flood observations. Historically, we compared the data from 1979-2023 to flood damage reports in Sacramento County, California. Results show that NWM-CNN captures inundation extent better than the Height Above Nearest Drainage (HAND) approach (25% to 36% RMSE, respectively).
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          Profiles of oxygen measurements from Argo profiling floats now vastly outnumber shipboard profiles. Air calibration of a float’s oxygen optode upon surfacing enables accurate measurements in the upper ocean but does not necessarily provide similar accuracy at depth. In this study we use a quality controlled shipboard dataset to show that, on average, the entire Argo oxygen dataset is offset relative to shipboard measurements (float minus ship) at pressures of 1450 to 2000 db by -1.9 ± 4.7 µmol kg-1 (95% confidence interval around the mean of {-2.3, -1.5}) and air calibrated floats are offset by -3.1 ± 5.3 µmol kg-1 (95% CI: {-3.7, -2.4}). The difference between float and shipboard oxygen is most likely due to offsets in the float oxygen data and not due to oxygen changes at these depths or biases in the shipboard dataset. In addition to posing problems for the calculation of long-term ocean oxygen changes, these float oxygen offsets impact the adjustment of float nitrate and pH measurements and therefore bias important derived quantities such as the partial pressure of CO2 (pCO2) and dissolved inorganic carbon. Correcting floats with air-calibrated oxygen for the float-ship oxygen offsets changes float pH by 3.2 ± 3.8 mpH and float-derived surface pCO2 by -3.3 ± 4.1 µatm. This adjustment to float pCO2 represents half, or more, of the bias in float-derived pCO2 reported in studies comparing float pCO2 to shipboard pCO2 measurements.
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        Characterization of Southern Peru hydrothermal systems: New perspectives for geotherm...
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          This study provides a comprehensive characterization of various hydrothermal sys-tems in Southern Peru ranging from the faulted Precordillera’s steep topography up tothe volcanic High Cordillera (>4000 m asl). The objective is to investigate thermal anoma-lies that may potentially serve as new geothermal resources.Our integrated approach com-bines: i) geochemistry from 14 hot springs sampled throughout the Tacna region, andii) 3D numerical modeling of coupled groundwater and heat transfer considering topog-raphy and faults embedded in homogeneous permeability. Water and gas analysis indi-cates that the springs located near volcanoes discharge Na-K-Cl waters with high tem-peratures (>87°C), high Total Dissolved Solid concentrations (TDS >3452 mg/L), andfree gases dominated by CO2 (>90 vol%). Springs located along the regional faults inthe Precordillera discharge Ca-SO4 and Na-K-Cl waters with moderate temperatures (27-53°C), intermediate TDS concentrations (464-2458 mg/L), radiocarbon ages between 1.4and 7.9 kyr, and free gases dominated by N2 (>95 vol%). The Aruma springs, which arelocated at the transition between the High and the Precordillera, display intermediatecharacteristics. Numerical models accurately replicate the locations and temperaturesof the fault-related springs only for permeable faults (>10−14 m2), revealing the creationof 100-km long thermal plumes along faults, locally rising up the 150°C-isotherm to about∼ 1000 m below the surface. This approach clearly distinguishes the spring origins, whichare volcanic in High Cordillera and tectonic in Precordillera. Moreover, we highlight thatsteep topographic gradient and permeable reverse faults in the Andean forearc may gen-erate considerable thermal anomalies, opening perspectives for the geothermal exploration.
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          Quantifying the relative influence of factors and processes controlling riverine ecosystem function is essential to predicting future conditions under global change. Dissolved organic matter (DOM) is a fundamental component of riverine ecosystems that fuels microbial food webs, influences nutrient and light availability, and represents a significant carbon flux globally. The heterogeneous nature of DOM molecular composition and its propensity for interaction (i.e., functional diversity) can characterize riverine ecosystem function across spatiotemporal scales. To investigate fundamental drivers of DOM diversity, we collected seasonal water samples from 42 nested locations within five watersheds spanning multiple watershed sizes (~5 to 30,000 km2) across the United States. Patterns in DOM molecular diversity and putative biochemical transformations derived from high-resolution mass spectrometry were assessed across gradients of explanatory variables associated with watershed characteristics (e.g., watershed area, water residence time, land cover). We found that putative biochemical transformations were more strongly related to explanatory variables across watersheds than common bulk DOM parameters and that watershed area, surface water residence time and derived Damköhler numbers representing DOM reactivity timescales were strong predictors of DOM diversity. The data also indicate that catchment-specific land cover factors can significantly influence DOM diversity in diverging directions. Overall, the results highlight the importance of considering water residence time and land cover when interpreting longitudinal patterns in DOM chemistry and the continued challenge of identifying generalizable drivers that are transferable across watershed and regional scales for application in Earth system models. This work also introduces a Findable Accessible Interoperable Reusable (FAIR) dataset (>300 samples) to the community for future syntheses.
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