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Postgraduate Certificate in Climate Risk Analysis

Climate Modelling And Prediction

Atmospheric General Circulation Model (AGCM) — related terms: GCM, climate system model, dynamical
core. An AGCM simulates the three-dimensional flow of air in the atmosphere using the primitive equations
of motion, thermodynamics, and mass continuity. It provides the atmospheric component of coupled Earth
system models. Example: the NCAR Community Atmosphere Model (CAM) is an AGCM used to study
jet-stream shifts under warming. Practical application includes generating future temperature and
precipitation fields for impact studies. Challenges involve representing sub-grid convection, cloud
microphysics, and computational cost at high resolution.

Atmospheric Model Intercomparison Project (AMIP) — related terms: CMIP, model evaluation, forcing
dataset. AMIP is a coordinated set of experiments in which participating atmospheric models run with the
same observed sea-surface temperature and sea-ice concentrations, allowing systematic comparison of
model performance. Results help identify systematic biases such as the double-ITCZ problem. The dataset is
widely used to assess model skill before coupling to ocean components. A major challenge is the limited
representation of internal variability when forcing is prescribed.

Boundary Layer — related terms: planetary boundary layer (PBL), surface layer, turbulent fluxes. The
atmospheric boundary layer is the lowest part of the atmosphere, directly influenced by the Earth’s surface
through friction, heat, and moisture exchange. Its depth typically ranges from a few tens of meters to a few
kilometers, varying diurnally. In climate models, parameterizations of turbulent mixing and surface fluxes
within the PBL affect near-surface temperature and humidity projections. Accurately representing stable
nocturnal boundary layers remains a persistent difficulty.

Bias Correction — related terms: quantile mapping, delta method, statistical downscaling. Bias correction
adjusts systematic errors in modelled climate variables to align them with observations before they are used
in impact analyses. For instance, quantile mapping transforms the cumulative distribution of simulated
precipitation to match that of observed records. Practical use includes correcting temperature projections
for agricultural suitability studies. Challenges include preserving climate change signals, handling
non-stationarity, and ensuring physical consistency across variables.

CMIP (Coupled Model Intercomparison Project) — related terms: CMIP5, CMIP6, model hierarchy. CMIP
provides a framework for coordinated climate model experiments, enabling assessment of model skill and
generation of multi-model ensembles for IPCC assessments. Each phase introduces new experiment
designs, such as the SSP (Shared Socio-Economic Pathways) scenarios in CMIP6. Users rely on CMIP archives
for downscaling and risk analysis. The main challenges are the large data volumes, differing model
resolutions, and the need to interpret divergent ensemble outcomes.
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Convection Parameterization — related terms: cumulus scheme, mass flux, cloud-resolving model. Because
climate models cannot resolve convective clouds explicitly, parameterizations approximate the vertical
transport of heat, moisture, and momentum by deep and shallow convection. Schemes such as the
Kain-Fritsch or the Zhang-McFarlane are common. Accurate convection representation influences tropical
precipitation and the strength of the Hadley circulation. Persistent challenges include the representation of
entrainment, organization of convective systems, and sensitivity to grid spacing.

Downscaling — related terms: dynamical downscaling, statistical downscaling, regional climate model (RCM).
Downscaling bridges the gap between coarse-resolution global model output and the fine spatial detail
required for impact studies. Dynamical downscaling embeds an RCM within a GCM to resolve regional
topography and land-sea contrasts. Statistical downscaling builds empirical relationships between
large-scale predictors and local climate variables. Applications include flood risk mapping and urban
heat-island assessments. Challenges involve error propagation, computational demand, and ensuring that
downscaled fields retain credible climate change signals.

Ensemble Forecast — related terms: multi-model ensemble, perturbed-physics ensemble, probabilistic
prediction. An ensemble forecast runs a climate model multiple times with varied initial conditions,
parameter values, or model structures to sample uncertainty. The spread of ensemble members conveys the
range of possible outcomes, informing risk-based decision making. For example, the European Centre for
Medium-Range Weather Forecasts (ECMWF) produces a 51-member ensemble for seasonal outlooks. Key
challenges are ensemble size versus computational cost and the interpretation of ensemble disagreement.

Equilibrium Climate Sensitivity (ECS) — related terms: transient climate response (TCR), feedback parameter,
CO; doubling. ECS quantifies the global mean surface temperature increase after the climate system reaches
a new equilibrium following a sustained doubling of atmospheric CO,. Typical estimates range from 1.5°C
to 4.5°C. ECS informs long-term climate risk assessments and scenario development. Deriving robust values
is challenging due to model structural differences, limited observational constraints, and the influence of
slow feedbacks such as ice sheet dynamics.

Feedback Parameter (A) — related terms: climate feedback, radiative forcing, Planck response. The feedback
parameter describes the net change in top-of-atmosphere radiative flux per unit change in global mean
surface temperature (Wm™2K™). Positive A indicates amplifying feedbacks (e.g., water-vapour), while
negative A denotes damping (e.g., Planck). Estimating A from observations or model output helps constrain
climate sensitivity. Challenges include separating overlapping feedbacks and accounting for regional
variations.

Global Climate Model (GCM) — related terms: Earth system model (ESM), coupled model, dynamical core. A
GCM solves the fundamental equations governing atmospheric and oceanic fluid dynamics on a global grid,
typically ranging from 100 km to 25km resolution. It forms the backbone of climate projections used in IPCC
reports. Example: the UK Met Office HadGEM3 is a GCM that includes interactive carbon cycles. Practical
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applications span policy-relevant scenario analysis to sectoral risk assessments. Major challenges involve
computational expense, representation of clouds, and coupling stability.

Greenhouse Gas (GHG) Forcing — related terms: radiative forcing, anthropogenic emissions, CO,-equivalent.
GHG forcing quantifies the change in Earth’s energy balance due to increased concentrations of gases such
as CO,, CH,4, and N,O. For instance, a 1W m™2 forcing from CO; corresponds to roughly a 0.5°C warming
after equilibrium is reached. Forcing values are inputs to climate models and underpin scenario
development. Challenges include accurately estimating indirect effects (e.g., methane oxidation) and
translating emissions inventories into atmospheric concentrations.

Hadley Cell — related terms: subtropical jet, tropical overturning circulation, meridional heat transport. The
Hadley cell is a large-scale atmospheric circulation that transports heat from the equator toward the
subtropics, rising near the equator and descending around 30° latitude. Climate models simulate its width
and intensity, which influence precipitation belts and desert locations. Recent projections suggest a
poleward expansion, affecting mid-latitude climate risk. Representing the interaction of the Hadley cell with
eddies and ocean feedbacks remains a modeling challenge.

Ice-Sheet Dynamics — related terms: glacial isostatic adjustment, meltwater routing, ice-albedo feedback.
Ice-sheet models simulate the flow of continental ice masses (e.g., Greenland, Antarctica) under climate
forcing, incorporating basal sliding, deformation, and surface melt. Coupled to GCMs, they provide
projections of sea-level rise. Example: the Community Ice Sheet Model (CISM) is integrated into the CESM
Earth system framework. Challenges include uncertainties in basal conditions, sub-glacial hydrology, and
the response to rapid warming events.

Land-Surface Model (LSM) — related terms: soil moisture, vegetation dynamics, energy balance. LSMs
represent exchanges of water, energy, and carbon between the land surface and the atmosphere. They
calculate evapotranspiration, runoff, and surface temperature, influencing regional climate. The Noah LSM is
widely used in coupled models for its treatment of soil layers and canopy processes. Practical use includes
assessing drought risk and agricultural productivity. Challenges involve representing heterogeneous land
cover, root depth variability, and coupling with dynamic vegetation models.

Model Intercomparison — related terms: CMIP, benchmark experiment, skill assessment. Model
intercomparison systematically evaluates differences among climate models by applying identical
experimental designs and forcing datasets. Results identify robust features (e.g., warming patterns) and
model-specific weaknesses (e.g., tropical precipitation bias). Intercomparison informs model development
and guides ensemble weighting. A key challenge is disentangling structural model error from internal
variability and ensuring fair comparison across differing resolutions.

Multi-Model Ensemble (MME) - related terms: ensemble mean, spread, model diversity. An MME
aggregates outputs from several independent climate models to capture structural uncertainty. The
ensemble mean often provides a more reliable estimate of large-scale climate response than any single
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model. MMEs are the basis for many climate risk assessments, such as the Climate Futures Toolkit.
Challenges include handling correlated errors among models, determining appropriate weighting schemes,
and communicating the meaning of ensemble spread to stakeholders.

Ocean General Circulation Model (OGCM) - related terms: sea-surface temperature (SST), thermohaline
circulation, eddy parameterization. OGCMs solve the Navier-Stokes equations for oceanic flow, simulating
currents, heat transport, and salinity distribution. They are coupled to atmospheric components to form fully
interactive Earth system models. Example: the NEMO model provides realistic Atlantic Meridional
Overturning Circulation (AMOC) dynamics. Practical applications include projecting marine heatwaves and
sea-level rise. Challenges involve representing mesoscale eddies, coastal processes, and biogeochemical
cycles at affordable resolution.

Parameterization — related terms: sub-grid process, closure scheme, empirical formulation.
Parameterizations replace unresolved physical processes (e.g., cloud formation, turbulence) with simplified
relationships based on resolved variables. They are essential for making climate models computationally
tractable. For example, the bulk aerodynamic formula parameterizes surface fluxes of heat and moisture.
While indispensable, parameterizations introduce uncertainty and can lead to systematic biases. Ongoing
research seeks scale-aware schemes that perform consistently across resolutions.

Planetary Boundary Layer (PBL) — related terms: surface layer, turbulence, Monin-Obukhov similarity. The
PBL is the lowest portion of the atmosphere where friction and turbulent mixing dominate. Its depth
influences the vertical distribution of pollutants, heat, and moisture. Climate models use PBL schemes (e.g.,
the Yonsei University scheme) to compute turbulent diffusivity. Accurate PBL representation is critical for
simulating diurnal temperature range and fog formation. Challenges include capturing stable nocturnal
conditions and interactions with complex terrain.

Radiative Transfer Model (RTM) — related terms: line-by-line calculation, broadband approximation, spectral
absorption. RTMs compute the propagation of radiation through the atmosphere, accounting for
absorption, emission, and scattering by gases, clouds, and aerosols. They provide the top-of-atmosphere
radiative fluxes that drive climate. Examples include the Rapid Radiative Transfer Model (RRTM) used in
many GCMs. Practical application: evaluating the climate impact of aerosol emission scenarios. Challenges
involve high computational cost for line-by-line methods and uncertainties in spectroscopic data for trace
gases.

Representative Concentration Pathways (RCPs) — related terms: emission scenario, radiative forcing, SSP.
RCPs are a set of four greenhouse-gas concentration trajectories (RCP2.6, 4.5, 6.0, 8.5) used in CMIP5 to
explore possible climate futures. Each pathway corresponds to a specific radiative forcing level by 2100.
They serve as inputs for impact assessments, such as flood risk under RCP8.5. The newer SSP framework
expands scenario space by incorporating socioeconomic narratives. Challenges include aligning RCPs with
realistic mitigation pathways and communicating their abstract nature to non-technical audiences.
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Sea-Surface Temperature (SST) Bias — related terms: coupled model drift, flux correction, ocean-atmosphere
interaction. SST bias refers to systematic errors in simulated ocean surface temperature, often manifesting
as a cold bias in the tropics or warm bias in higher latitudes. Biases affect atmospheric circulation,
precipitation, and hurricane activity. Techniques such as flux adjustments or bias-corrected SST forcing are
employed to reduce drift. Persistent challenges involve maintaining physical consistency when correcting
SST and addressing the root causes in ocean mixing schemes.

Simple Climate Model (SCM) — related terms: energy-balance model (EBM), zero-dimensional model,
climate emulator. SCMs reduce the climate system to a small number of equations, allowing rapid
exploration of climate response to forcing scenarios. They are useful for policy analysis, uncertainty
quantification, and as emulators for GCM output. An example is the FAIR (Finite Amplitude Impulse
Response) model. However, SCMs lack spatial detail and cannot capture regional feedbacks, limiting their
use for localized risk assessments.

Stochastic Parameterization — related terms: random perturbation, ensemble spread, sub-grid variability.
Stochastic parameterization introduces random fluctuations into deterministic parameterizations to
represent unresolved variability. This approach can increase ensemble spread and improve representation
of extremes, such as tropical cyclone genesis. The stochastic kinetic energy backscatter scheme is an
example used in the ECMWF model. Challenges include calibrating the stochastic amplitude, ensuring
physical realism, and avoiding artificial drift.

Surface Albedo - related terms: reflectivity, snow-cover feedback, land-use change. Surface albedo is the
fraction of incoming solar radiation reflected by the Earth's surface. Snow and ice have high albedo, while
forests and oceans have low albedo. Changes in albedo amplify climate response; for instance, snow-cover
loss reduces reflectivity, enhancing warming (positive feedback). Climate models simulate albedo via
land-surface and cryosphere schemes. Accurate representation is challenged by sub-grid heterogeneity and
the treatment of seasonal snow dynamics.

Transient Climate Response (TCR) — related terms: equilibrium climate sensitivity, forced warming, 20-year
warming. TCR measures the global mean surface temperature increase at the point when atmospheric CO,
has risen by 1% per year for 70years (~1.8 x CO,). It reflects the climate system’s response over a
century-scale, incorporating ocean heat uptake. TCR values are typically 1.0°C-2.5°C. TCR is useful for
near-term climate risk assessments and for evaluating model performance against observed warming.
Uncertainties arise from ocean heat uptake efficiency and internal variability.

Uncertainty Quantification (UQ) - related terms: probabilistic projection, sensitivity analysis, Bayesian
inference. UQ in climate modelling seeks to characterize the range and likelihood of possible outcomes
arising from model structural error, parameter uncertainty, and natural variability. Techniques include
Monte Carlo sampling of parameter space, Bayesian calibration against observations, and ensemble
statistics. Robust UQ informs risk-based decision making, such as setting climate-resilient design standards.
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Major challenges involve high computational cost, limited observational constraints, and communicating
probabilistic results to policymakers.

Vertical Resolution — related terms: atmospheric layers, sigma coordinate, model levels. Vertical resolution
denotes the number of discrete layers used to represent the atmosphere or ocean in a model. Higher
vertical resolution improves representation of phenomena such as tropical tropopause layers, stratospheric
ozone transport, and ocean thermocline dynamics. However, increasing levels raises computational demand
and may require tighter time-step constraints. Balancing vertical detail with feasible run times remains a key
design trade-off.

Water-Vapour Feedback — related terms: lapse-rate feedback, greenhouse effect, humidity-temperature
coupling. As the atmosphere warms, its capacity to hold water vapour increases, enhancing greenhouse
trapping and amplifying warming. This positive feedback is a major contributor to overall climate sensitivity.
Climate models calculate water-vapour concentrations from temperature using Clausius-Clapeyron scaling,
but representation of cloud processes modulates the net effect. Uncertainties stem from cloud-microphysics
interactions and spatial variability of humidity.

Weather Research and Forecasting Model (WRF) — related terms: regional climate model, dynamical
downscaling, physics options. WRF is a flexible, community-developed model used for both weather
prediction and climate downscaling. It offers a suite of physics schemes (e.g., microphysics, planetary
boundary layer) that can be tailored to study regional processes such as monsoon dynamics or urban heat
islands. Researchers often couple WRF with GCM boundary conditions to produce high-resolution climate
projections. Challenges include selecting appropriate physics combinations and managing computational
load for long-term simulations.

Zero-Dimensional Energy-Balance Model (0-D EBM) — related terms: simple climate model, radiative forcing,
planetary albedo. A 0-D EBM treats the Earth as a single, well-mixed slab, balancing incoming solar
radiation against outgoing infrared radiation. The model equation is CdT/dt=F - AT, where C is heat
capacity, F is forcing, and A is the feedback parameter. Despite its simplicity, the model provides insight into
climate sensitivity and the role of feedbacks. Its limitation is the lack of spatial heterogeneity, making it
unsuitable for regional risk analyses.

Atmospheric Chemistry Module — related terms: interactive gases, aerosol formation, chemical transport
model (CTM). This module simulates the production, loss, and transport of trace gases and aerosols within a
climate model, allowing feedbacks between composition and radiative forcing. Examples include the
TOMAS aerosol scheme in the UKESM. Incorporating chemistry improves projections of air-quality impacts
and indirect aerosol forcing. However, chemical mechanisms increase computational cost and require
extensive observational datasets for validation.

Bias-Adjusted Ensemble — related terms: statistical post-processing, model weighting, probabilistic forecast.
A bias-adjusted ensemble applies systematic corrections to each member’s output before ensemble
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aggregation, aiming to reduce mean error while preserving variance. Techniques include quantile-mapping
and linear scaling. This approach enhances reliability of probabilistic forecasts used in floodplain mapping
or insurance underwriting. The main challenge lies in ensuring that adjustments do not erase genuine
climate change signals embedded in the raw model output.

Carbon Cycle Model - related terms: terrestrial biosphere, ocean uptake, land-use emissions. Integrated
carbon cycle models represent exchanges of CO, among the atmosphere, oceans, and land, responding to
climate, CO, concentration, and human activities. The CASA model is a widely used terrestrial component.
Accurate carbon cycle representation is crucial for long-term climate projections and for evaluating
mitigation pathways. Key uncertainties involve soil carbon dynamics, permafrost thaw, and forest
management practices.

Coupled Model - related terms: atmosphere-ocean coupling, Earth system model, interface fluxes. A
coupled model integrates separate component models (e.g., atmospheric GCM, oceanic OGCM, sea-ice
model) allowing two-way exchange of heat, moisture, momentum, and tracers. Coupling enables simulation
of feedbacks such as the ocean’s role in moderating atmospheric warming. The CMIP6 multi-model
ensemble consists of many coupled models. Coupling introduces challenges like numerical stability,
time-step synchronization, and the need for consistent physics across components.

Data Assimilation — related terms: reanalysis, Kalman filter, observational constraints. Data assimilation
blends observations with model forecasts to produce a best-estimate state of the climate system, forming
the basis of reanalysis products like ERA5. In climate modelling, assimilation can improve initial conditions
for seasonal forecasts and constrain model parameters during calibration. Techniques range from variational
methods to ensemble Kalman filters. Challenges include handling heterogeneous observation errors,
computational demands for high-resolution systems, and ensuring that assimilation does not artificially
suppress natural variability.

Diagnostic Variable — related terms: output field, derived quantity, model analysis. Diagnostic variables are
quantities calculated from primary model fields (e.g., wind stress, moisture convergence) to aid
interpretation of model behaviour. They are essential for evaluating processes such as convection efficiency
or ocean heat transport. Researchers often store diagnostics for post-processing and model verification.
Determining which diagnostics to output involves balancing scientific needs against storage constraints.

Extreme Value Theory (EVT) — related terms: Generalized Extreme Value (GEV) distribution, block maxima,
return period. EVT provides statistical frameworks to model the tails of climate variable distributions,
enabling estimation of rare events such as 100-year floods or heatwaves. Climate model output is often
analysed with EVT to derive probabilistic risk metrics for infrastructure design. Challenges include limited
sample sizes, non-stationarity under climate change, and dependence on model bias correction quality.

Feedback Loop - related terms: positive feedback, negative feedback, climate amplification. A feedback
loop occurs when a climate response influences the forcing that created it. For example, melting sea ice
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reduces albedo, leading to further warming (positive feedback). Conversely, increased cloud cover may
reflect sunlight, providing a negative feedback. Understanding feedback loops is central to quantifying
climate sensitivity. Complex interactions and opposing feedbacks make isolating individual loop
contributions difficult.

Geophysical Fluid Dynamics (GFD) — related terms: Navier-Stokes equations, hydrostatic approximation,
rotating frame. GFD provides the theoretical foundation for atmospheric and oceanic modelling, describing
fluid motion under gravity, rotation, and stratification. Core equations are discretised in climate models to
simulate large-scale circulation. Mastery of GFD concepts is essential for interpreting model dynamics and
diagnosing errors such as spurious Rossby wave activity. The main challenge is translating continuous
mathematics into stable, accurate numerical schemes.

Heat Transport — related terms: meridional energy flux, oceanic conveyor belt, atmospheric eddies. Heat
transport redistributes energy from equatorial to polar regions, moderating temperature gradients. In the
ocean, the thermohaline circulation carries warm water poleward; in the atmosphere, baroclinic eddies
perform a similar role. Climate models simulate these processes, influencing projections of regional
warming patterns. Accurately capturing heat transport is challenged by coarse resolution, sub-grid mixing
parameterizations, and limited observational constraints.

Ice-Albedo Feedback — related terms: surface reflectivity, melt-pond formation, polar amplification. The
ice-albedo feedback amplifies warming as decreasing ice and snow cover lower surface reflectivity, allowing
more solar absorption. This feedback contributes to accelerated Arctic warming. Climate models incorporate
dynamic sea-ice and snow modules to simulate the feedback. Uncertainties arise from modeling melt-pond
evolution, snow-cover heterogeneity, and interaction with cloud radiative effects.

Internal Variability — related terms: chaotic dynamics, ENSO, decadal oscillations. Internal variability refers to
natural fluctuations of the climate system that occur without external forcing, driven by nonlinear
interactions among components. Phenomena such as the EINiflo—Southern Oscillation (ENSO) and the
Atlantic Multidecadal Oscillation (AMO) are examples. Internal variability determines the range of outcomes
in ensemble simulations and influences near-term climate predictability. Separating internal noise from
forced response remains a methodological challenge.

Joint Likelihood - related terms: Bayesian calibration, multi-variable inference, posterior distribution. In
model parameter estimation, the joint likelihood combines observations of several variables (e.g.,
temperature and precipitation) to assess how well a set of parameters reproduces the data simultaneously.
This approach improves constraint on parameters that affect multiple processes, such as cloud-radiative
feedbacks. Computing joint likelihoods can be computationally intensive, especially when dealing with
high-dimensional observation spaces.

Kinetic Energy Backscatter Scheme — related terms: stochastic parameterization, sub-grid turbulence,
ensemble spread. This scheme injects a fraction of kinetic energy from unresolved scales back into the
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resolved flow, mimicking the effect of energy cascades. It can enhance the representation of mesoscale
variability and improve ensemble diversity. Implementations exist in the ECMWF Integrated Forecast System
and the UK Met Office model. Calibration is required to avoid excessive energy injection that could
destabilize the simulation.

Land-Use Change (LUC) - related terms: deforestation, urbanization, carbon emissions. LUC alters surface
characteristics, influencing albedo, evapotranspiration, and carbon fluxes. Climate models incorporate LUC
scenarios to assess impacts on regional climate, such as the “Amazon die-back” effect on precipitation.
Practical applications include evaluating mitigation benefits of afforestation. Challenges involve obtaining
high-resolution, temporally consistent land-cover data and representing the biogeochemical feedbacks
associated with vegetation changes.

Model Bias — related terms: systematic error, drift, correction. Model bias is the persistent deviation of
simulated climate variables from observations, arising from imperfect physics, coarse resolution, or
parameter choices. Biases manifest in temperature, precipitation, or sea-ice extent. Identification of bias
guides model development and informs post-processing steps like bias correction. Addressing bias is
complex because correcting one variable may exacerbate errors in another, and biases can evolve over
simulation length.

Non-Hydrostatic Model - related terms: deep convection, high-resolution dynamics, compressible flow.
Non-hydrostatic models solve the full vertical momentum equation, allowing representation of
buoyancy-driven processes like thunderstorms that are filtered out in hydrostatic approximations. Examples
include the MPAS-Atmosphere and the ICON model at kilometer-scale resolution. Such models are
increasingly used for regional climate studies of extreme precipitation. The main challenges are the steep
increase in computational demand and the need for finely resolved surface datasets.

Ocean Heat Content (OHC) — related terms: thermal expansion, deep ocean uptake, climate inertia. OHC
measures the amount of heat stored in the ocean, a primary reservoir for excess energy from greenhouse
forcing. Increases in OHC drive sea-level rise through thermal expansion and affect long-term climate
response. Climate models track OHC to assess heat uptake efficiency and to evaluate the “missing heat”
problem. Accurate OHC estimation is hindered by sparse deep-ocean observations and uncertainties in
mixing parameterizations.

Parameter Sensitivity — related terms: perturbation analysis, Sobol indices, calibration. Sensitivity analysis
quantifies how variations in model parameters affect output variables, identifying which parameters most
influence climate projections. Techniques such as Monte Carlo sampling or variance-based methods provide
sensitivity rankings. This informs efficient calibration and helps prioritize observational campaigns.
Challenges include high dimensionality of parameter space and computational expense of running many
model simulations.

Quasi-Geostrophic Approximation — related terms: mid-latitude dynamics, Rossby waves, balance equations.
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This approximation simplifies the full primitive equations by assuming a near balance between pressure
gradient and Coriolis forces, suitable for large-scale mid-latitude flow. It underpins many analytical studies
of atmospheric dynamics and is used in simplified climate models to explore baroclinic instability. Its
limitation is the neglect of ageostrophic motions, which become important in tropical and convective
regimes.

Radiative Forcing — related terms: CO,-equivalent, anthropogenic forcing, effective radiative forcing.
Radiative forcing quantifies the change in net (downward minus upward) radiative flux at the top of the
atmosphere due to a perturbation (e.g., greenhouse gas increase, aerosol emission). It is expressed in watts
per square metre (W m™). Positive forcing leads to warming, negative forcing to cooling. Accurate forcing
estimates are essential for scenario development and model intercomparison. Uncertainties stem from
aerosol indirect effects and cloud feedback representation.

Sea-lce Model - related terms: thermodynamic growth, dynamic ridging, albedo feedback. Sea-ice models
simulate formation, melt, and motion of sea-ice, influencing polar climate and global heat transport. The
CICE model incorporates both thermodynamic and dynamic processes, including ice thickness distribution.
Sea-ice extent is a key metric for climate change monitoring. Challenges include representing melt ponds,
frazil ice formation, and coupling with ocean models at appropriate resolution.

Stomatal Conductance - related terms: plant physiology, transpiration, CO, fertilization. Stomatal
conductance governs the exchange of water vapour and CO, between leaves and the atmosphere, affecting
evapotranspiration and photosynthesis. Climate-vegetation models use empirical or mechanistic
formulations to link conductance to temperature, humidity, and atmospheric CO,. Accurate representation
influences regional water balance and carbon uptake projections. Uncertainties arise from species-specific
responses and the interaction with soil moisture stress.

Thermodynamic Equation — related terms: energy conservation, temperature tendency, diabatic heating.
This equation describes how temperature evolves due to advection, radiative heating, latent heat release,
and surface fluxes. In climate models, it forms part of the core set of primitive equations solved on each
time step. Proper discretisation is critical for maintaining numerical stability and realistic temperature fields.
Challenges include coupling with cloud microphysics and handling sharp temperature gradients near the
surface.

Unstructured Grid Model — related terms: adaptive mesh, variable resolution, finite-volume method.
Unstructured grid models (e.g.,, MPAS-Atmosphere) use irregularly shaped cells, enabling high resolution in
regions of interest while keeping coarser resolution elsewhere. This flexibility improves representation of
complex topography and coastal processes. Applications include high-resolution hurricane simulations
within a global framework. Challenges involve developing robust numerical solvers for irregular meshes and
ensuring mass conservation across grid transitions.

Vertical Mixing Scheme - related terms: turbulent diffusion, K-profile parameterization (KPP), diapycnal
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mixing. Vertical mixing schemes parameterize the transport of momentum, heat, and tracers across vertical
layers due to turbulence and internal wave breaking. In the ocean, KPP is widely used; in the atmosphere,
non-local schemes capture plume entrainment. Accurate mixing is essential for representing thermocline
depth, nutrient transport, and atmospheric boundary-layer development. Calibration is difficult because
mixing processes vary with stratification and are poorly observed at depth.

Water-Mass Budget — related terms: precipitation minus evaporation (P-E), runoff, storage change. The
water-mass budget tracks the balance between inputs (precipitation, lateral inflow) and outputs
(evaporation, runoff) within a basin or grid cell. Climate models compute this budget to simulate river
discharge and freshwater availability. Errors in P-E estimation can lead to significant biases in hydrological
impact assessments. Challenges include representing sub-grid convection, snow accumulation/melt
processes, and coupling with land-surface models.

X-Band Radar Assimilation — related terms: high-resolution precipitation, data assimilation, convective
storms. X-band radar provides fine-scale reflectivity data useful for initializing convective processes in
weather and climate models. Assimilating this data can improve short-range forecasts of extreme
precipitation. However, radar data are prone to attenuation and ground clutter, requiring sophisticated
preprocessing. Integrating radar observations into climate-scale models remains computationally intensive
and methodologically complex.

Yield-Based Climate Impact Model — related terms: crop simulation, agro-ecological zones, climate-crop
linkage. These models translate climate variables (temperature, precipitation, CO, concentration) into
agricultural yields, informing food-security risk assessments. Examples include the DSSAT and EPIC models,
often driven by downscaled climate projections. Practical use includes evaluating adaptation strategies such
as cultivar switching. Key challenges are representing CO; fertilization effects, pest-disease interactions, and
uncertainties in future management practices.
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