Section A Stochastic Models, Generalized Linear Models, Multi-State and Transition Matrix Models
LAM-135: Stochastic Modeling, Theory and Reality
• When and when not to use stochastic models
Uses of Stochastic Modeling
1. Required by regulation or standards
2. Analysis of tail risks
3. Enables use of VaR and CTE risk measures
4. Assign probabilities to outcomes
5. Assessing adequacy of non-stochastic methods
Stochastic modeling may not be justified if:
1. Appropriate probability distribution too difficult (or impossible) to determine
2. Calibrating model is too difficult
3. Validating model is too difficult

• Alternatives to stochastic models
1. Stress testing and scenario testing
2. Static (a.k.a. load) factors
3. Ranges

• Disadvantages of Stochastic Models
1. black box phenomenon
2. Improper calibration
3. inappropriate distribution

• General stochastic model implementation steps
1. Describe goals and intended uses
2. Consider using alternative approach if equally useful
3. Pick a projection technique (Monte Carlo, lattice method, etc.)
4. Decide on risk metrics: VaR, CTE, etc.
5. Establish which factors to model stochastically
6. Parameterize and fit distributions
7. Determine number of scenarios (no more than necessary)
8. Calibrate model
9. Run
10. Validate model and review output
11. Peer review
12. Communicate results

• Risk-neutral vs. real-world scenarios
· Difference between each
Risk-neutral:
Be Indifferent to risk and no arbitrage exists
Risk-free rate
Weighted average cash flows
Mean PV of risk-neutral scenarios
Real-world
Different risk preferences
RW discount rates are higher
distribution of actual outcomes
Reflection of high yield from high risk portfolio
· Use of each:
Risk-neutral:
calculate a market-consistent price or fair value of
• Insurance liabilities
• Derivatives (embedded or exotic)
• Cost to assume liability cash flows
Real-world
1. Create a distribution of PV(Earnings)
2. Worst-case scenario capital planning
3. Pricing required to earn target return X% of the time
4. Potential earnings volatility
5. Evaluate alternative investment or hedging strategies

• Monte Carlo Simulation
1. Input variable analysis and specification
2. Random sampling of input stochastic variables
3. Computation of death benefit projections
4. Aggregation and analysis of results

• Variance Reduction Techniques
1. Antithetic-variable technique
2. Control variate technique
3. Stratified sampling
4. Importance sampling

• Stochastic on stochastic projections
Two Approaches to Managing the Modeling Process:
1. Brute Force Approach - seriatim, full-scale run
2. Finesse Approach - simplified run using one of the reduction methods mentioned below: reduce number of model points/outer scenarios/inner paths/nodes

• Random number generation
· Compare TRNGs and PRNGs, and describe why PRNGs are preferred for stochastic Simulation
TRNG = True Random Number Generator
PRNG = Psuedo Random Number Generator (Mathematical algorithms)
1. PRNGs are more efficient
2. PRNGs are deterministic/reproducible
· Describe linear congruential generators (LCGs)
· Understand how to interpret a lattice structure
Lack of randomness
· Describe non-linear PRNGs, including inversive congruential generators and binary shift register generators
Stochastic Modeling is on the Rise
• Explain the reasons why stochastic modeling is on the rise
1. Regulatory reasons
2. Internal stochastic modeling exercises
3. Value business, design products, manage portfolios, project cash flows, and for reinsurance
4. Increased computing power make more feasible
5. Ratings agencies’ requirement
• State uses of internal stochastic models

Stochastic Analysis of LT Multiple-Decrement Contracts
• Benefits and issues with stochastic modeling
Benefits
– More complete risk profile
– Allows interaction between risks to be analyzed
– Framework for comparing alternative risk management strategies (reinsurance, etc.)
New issues:
1. Calibration of the scenario generator
2. Run time required to run the new universe of scenarios

• Stochastic global mortality factors—key risk drivers and how to calculate
1. Underwriting error –incorrect BEA
2. Volatility – depends on the size of the population
3. Catastrophe risk –a sharp increase in mortality for a short period of time
4. Mortality trends – life expectancy increases across a population

• Know how to interpret stochastic mortality results
· Cumulative result at nth percentile ≠ sum of individual runs
· The stochastic results indicate uncertainty around best estimate results
· Catastrophic risk is a one-sided distribution (1 in a 100 year event)
· Underwriting risk ≈ 4 times volatility risk
· Annual volatility has the smallest impact
· Sensitivity testing is critical

• Stochastic lapse generator factors
only one risk factor: volatility around best estimate

• Know how to interpret standalone stochastic lapse results
· Stochastic lapse as a much lower impact overall than mortality
· All results are negative because the excess lapses can only worsen mortality

• Know how to interpret results from the integrated model of mortality and lapse
· Diversification = Integrated Results - (Stochastic Lapse Only + Stochastic Mortality Only)
· Integrated model dampens extremes in both tails (a little)
· Results indicate that there is correlation between mortality and lapse

• Know how to evaluate reinsurance arrangements modeled stochastically
· Reinsurance improves the worst scenarios but hurts best scenarios
· Capital relief
· The excess reinsurance arrangement has the largest impact
· Crossover point – percentile beyond which the ceding company benefits from reinsurance = probability reinsurer will profit (Breakeven point)
LAM-137: Multi-State Transition Models
Section 1
• Describe transition matrices
· r-by-r matrix where the entry in row i and column j
· This represents the probability a subject transitions from state i to state j (between times n and n + 1)

• State the definition of a homogenous and non-homogenous Markov chain
· Markov chain: history independent
· Non-homogenous: transition probabilities depend on n
· Homogenous: transition probabilities do not depend on n

• Explain the meaning of history independence
the transition probability only depends on the previous state Mn = i and the time n, but not on earlier states k before time n

• Understand the following types of probability metrics:
· Multi-period transition probabilities & Longer-term probabilities
the probability of the subject being in State j after k time periods
· Success probabilities
it measures the probability of remaining in state i at the next time step
· Same state probabilities
The probability that a subject in state i at time n remains in that state through time n + k (meaning for all times n to n + k the subject is in state i)
· Future transition probabilities
Given that a subject is in state s at time n, the probability of making the transition from state i at time n + k to state j at time n + k + 1

Section 2
• Compute APV as the sum of the “triple product” of probability/cash flow/discounting
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• Describe the difference between cash flows received when transitioning between certain states, and a cash flow received while a subject is in a particular state
The cash flows now occur while the subject is in a state rather than upon transition between states.

• Explain the equivalence principle, and benefit premiums/reserves
· The equivalence principle states that, at the time of issue of a policy, the APV of the premiums should equal the APV of the benefits
· The benefit premium is the premium value that satisfies the equivalence Principle
· The benefit reserve is the APV of future losses
LAM-138: A Practitioner’s Guide to Linear Models
• State the assumptions of linear models (LM)
1. (LM1) Random Component: independent and normally distributed
2. (LM2) Systematic Component: linear predictor
3. (LM3) Link Function

• State the limitations of linear models
· It may be unreasonable to assume normality and constant variance for response variables
· The additivity of effects encapsulated in the second (LM2) and third (LM3) assumptions is not realistic for a variety of applications

• State the assumptions of generalized linear models (GLM)
1. (GLM1) Random Component: independent and exponential family of distributions
2. (GLM2) Systematic Component: linear predictor
3. (GLM3) Link Function
• State the form of the exponential family of distributions (density function and variance)
• Describe the following components of GLMs:
· Design matrix X
· Prior weights ωi a credibility or weight to each observation
· Scale parameter ф scales the variance
· Link function g
· Offset term ξ known effect

• Calculate parameter values by minimizing the sum of squared errors
• Calculate parameter values using maximum likelihood estimation
• Explain how to determine the appropriate number of parameters to include in a model. In particular, understand why one level of each factor should have no parameter associated with it to avoid linear dependency concerns
• Describe applications of GLMs
• Explain how scores can be used from GLMs for insurance applications
· Predict the profitability of an insurance policy
· Find potentially highly profitable customers
· An incentive scheme for agents linked to the average customer score
· Useful in highly regulated markets. Include policyholder characteristics in the actual premium.
Section B Issues Common to Models
LAM-116: Life Insurance Forecasting and Liability Models
• Definition of modeling and purpose of model simplifications
A model is a simplified version of reality
Modeling means deciding which simplifications to make

• Benefits of model simplifications
1. Data count reduction
2. Lowers model run time
3. Lowers people time (effort)

• Validation approaches
1. Static validation (balance sheet)
Compares starting model values (e.g. reserves) to their actual known values
The ratio of actual-to-modeled values should be ≈ 1
2. Dynamic validation (income statement)
Compares projected model results to trends in historical values
Model may have problems if projected results follow a different pattern
Retrospective validation or back-cast – running the model backwards through time to compare to actual historical values
Data must be available and credible to do a dynamic validation

• Costs of model simplifications: known vs. unknown error
Known error – Revealed by validating against available data
Unknown error – Cannot be revealed since data doesn’t exist

• Metrics for quantifying model error
1. PV future profits at hurdle rate
2. GPV at earned rate
3. Value-based reserve = Stat Res - PV(Stat Profit) at hurdle rate

• Be able to describe/compare each form of modeling and describe them in terms of their costs and benefits
1. Issue age modeling
- Group and select representative point
- Benefits: Dramatically reduces time and effort
- Costs and Conclusions: increase forecast error/Fit is more important than width/specific situation
2. Premium modeling
- Weighted average premium
- Benefits: Reduces known error (better static validation results)
- Costs and Conclusions
May significantly increase unknown error (forecast error)
Usually inappropriate—better to select a new model
Use with extreme caution
3. Policy size modeling
- Average policy size
- Benefits
Allows the use of per unit assumptions in the model (good for expenses)
Reduces data volume and model run time
- Costs and Conclusions
If policy size is not uniform, unknown error increases
Not appropriate for expense per policy
Age-level results may not be accurate (not good for pricing)
4. Issue date modeling: day vs. month vs. year
- Benefits
Very common and easy to implement
Significantly reduces data and run time
Minimum error introduced since duration doesn’t change(only day/month)
- Costs and Conclusions
Issue year modeling can result in high error since duration changes
Should correlate with forecast start date

• Understand possible effects of combining modeling assumptions
· Benefits
Dramatic reduction in data(99%) and run time
· Costs and Conclusions
Does not necessarily compound forecast error

• General modeling conclusions and recommendations
1. Reduces data processed, run time, and manpower
2. Modeling decisions can introduce significant error (make them carefully)
3. Arbitrarily changing modeled items can introduce significant error
4. Static and dynamic validations indicate model accuracy (do both if possible)
5. Known and unknown errors may or may not be correlated
6. Consider unusual product features and age of the business
7. Do not analyze results in more detail than the modeling used
LAM-132: Cluster Analysis – A Spatial Approach
• Be able to define and compare a classic model and a cluster model
· Classic Modeling: Modified Seriatim
· Drawbacks:
Detailed knowledges
Mapping rules are subjective, hard to automate
Update rules for new and in-force change
Projected values may not be valid
Hard to apply rules for multiple life policies and investment guarantees

• Traditional approaches for reducing classic model runtime
     Faster and more computers
     Fewer scenarios/pathes/shocks/cells
Less frequent re-balancing

• Advantages of cluster modeling over classic modeling
1. Applies to liabilities or even assets
2. Far better compression ratios for a given model-to-actual fit
3. Easily automated → less manual effort
4. Can be maintained and applied at later valuation dates
5. Priority measures of model fit measures can be customized
6. Applies to seriatim in-force or to modeled in-force
7. Model points are easily adjusted to change for desired granularity
8. Allows on-the-fly analysis of model fit without rerunning a model

• Cluster modeling process—steps for users and steps the process takes
User Steps
1. Define location variables and their weights
2. Define a size variable
3. Define segments that should not be mapped across
4. Specify a target number of clusters
Process Steps
1. Calculate distance between any 2 policies
2. Determine importance of each policy
3. Create clusters: map policy with lowest importance to its nearest neighbor
4. Determine representative policy for each cluster

• Potential applications of cluster modeling
1. Medium-sized models
Nearly reproduces seriatim results
2. Small models
With less accuracy; Good for estimating CTEs; 
May not be accurate enough for tail analysis
3. Very small models
Not appropriate for tail analysis
Select a smaller set for another model
Quantify sensitivities to key assumptions

• Review results of the authors’ testing on 3 different blocks of business to get a feel for the level of compression achieved by cluster modeling
Traditional Life/Health Model
Term Life Model
VA Block

• Validating a cluster model
1. Run a large model to obtain results for comparison
2. Do a static validation
3. Do a dynamic validation
4. Run small model over a small scenario set
LAM-133: Model Risk Mitigation and Cost Reduction
• Phases of the model life cycle
Phase 1: R&D
Requirements → 5-Section Model Development Doc
Phase 2: Implementation
Specifications → Procedures → Annotate Code → Testing → Continuity
Phase 3: Post-Implementation
Performance/Risk Monitoring → Assumption & Change Management

• Benefits of high-quality documentation
1. Reduces key-person dependencies
2. Improves efficiency, lowers cost
3. Reduces risk of incorrect model changes
4. Better understanding of risks
5. Better informed decision making
6. Reduces risk of negative regulator actions

• Phase 1: Areas covered by business and technical requirements
· Risk Mitigation Value: align model development and model use
· Types of documentation: Purpose and expected benefits; Functional requirements; Technical requirements

• Phase 1: Model development documentation
Risk Mitigation Value:
1. Minimizes key-person dependency
2. Increases user understanding
3. Assists model validators and auditors
4. Ensures model meets risk management guidelines
5. Reduces model testing costs
Types of documentation:
Executive summary/Development data/Theory and approach/Estimation/Model testing
Big source of model risk: 
Not documenting known limitations/weaknesses
Solution: Use specific, NOT generic language

• Phase 2: Model implementation documentation
Risk Mitigation Value: 
extensive interactions/user error/key-person risk/a plan for computer failure
Types of documentation: SPATC
Technical specifications
Operating procedures: User guides/checklists
Computer code annotation
Implementation testing documentation
Business continuity planning

• Phase 3: Post-implementation documentation
Risk Mitigation Value: 
Avoid negative regulatory actions
Formalizes change procedures
Avoids reliance on email
Clarifies responsible parties
Types of documentation: PAC
On-going perforce and risk monitoring
Assumptions management documentation
Model change management documentation


• Vendor model documentation (DUSTY)
· Documentation of on-going use
· User-supplied inputs
· Support for tuning parameters
· Test results: Testing model on company’s risks; Deployment testing
· Your (model owner’s) understanding of: 
Model theory/Assumptions/Rationale for use with company’s risks
LAM-134: Supervisory Guidance on Model Risk
• Compare direct vs indirect costs of models
· Direct cost: devoting resources to develop and implement the models properly
· Indirect costs: possible adverse consequences (including financial loss) of decisions based on models that are incorrect or misused

• Define the following terms (according to LAM-134):
· Model
a quantitative method, system, or approach that applies statistical, economic, financial, or mathematical theories, techniques, and assumptions to process input data into quantitative estimates
· Model risk
the potential for adverse consequences from decisions based on incorrect or misused model outputs and reports
· Model validation
the set of processes and activities intended to verify that models are performing as expected, in line with their design objectives and business uses
· Effective challenge
a critical analysis by objective, informed parties who can identify model limitations and assumptions and produce appropriate changes
· Model overrides
Cases where model output is ignored, altered, or reversed based on the expert judgment of model users
· Process verification
Checks that all model components are functioning as designed
· Benchmarking
comparison of a given model’s inputs and outputs to estimates from alternative internal or external data or models
· Outcomes analysis
Comparison of model outputs to corresponding actual outcomes
· Parallel outcomes analysis
Both an original and adjusted models’ forecasts are tested against realized outcomes
· Back-test
A form of outcomes analysis that involves the comparison of actual outcomes with model forecasts during a sample time period not used in model development and at an observation frequency that matches the forecast horizon or performance window of the model

• State the three components of a model: input/processing/reporting
1. Information input component - delivers assumptions and data to the model
2. Processing component - transforms inputs into estimates
3. Reporting component - translates estimates into useful business information

• Describe the three core elements of an effective validation framework (Note: this is probably the most important thing to know from this reading)
1. Evaluation of conceptual soundness, including developmental evidence
1)Assessing the quality of the model design and construction
2)Review of documentation and empirical evidence supporting the methods used and variables selected for the model
3) Sensitivity analysis
4) Evaluate qualitative information and any judgment
2. Ongoing monitoring, including process verification and benchmarking
Evaluate whether changes necessitate adjustment or update of the model
Includes process verification and benchmarking
3. Outcomes analysis, including parallel outcomes analysis and back-testing

• Explain considerations/advantages/disadvantages for using external resources for model validation
Advantage of external resources:
Critical and effective challenge, improve the internal model development and risk management processes
Disadvantage of external resources:
Added costs/time; 
Significant effort for external parties to understand specific circumstances
LAM-135: Stochastic Modeling (Section II.B.I)
• State the reading’s definition of “catastrophic increase in mortality”
An increase in mortality that causes additional deaths in the range of hundreds of thousands

• Describe how the baseline mortality model is constructed
A time series of baseline mortality rates
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• Describe how the pandemic/disease model is constructed
Approach of building out the severity curve into two components: 
Main component
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Extreme component
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• Describe how the terrorism model is constructed
The number of terrorist events per year is assumed to follow a normal distribution, be independent from each other, and independent of other mortality events
The severity of the event
1) Once an event is found to be within a particular level, the number of deaths within that level is determined using a uniform distribution
2) A “multi-level trinomial lattice” is used
LAM-136: Modeling, ASB, Third Exposure Draft
• State the two applications under which this proposed modeling ASOP would not be required
1. Are not heavily relied upon by the intended users
2. Do not have material financial effect

• Explain considerations when using a model developed by others
- The designer’s or builder’s original intended purpose for the model
- The general operation of the model
- Major sensitivites and dependencies within the model
- Key strengths and limitations of the model

• State the four reasons for margin in model assumptions/parameters
1. Future unpredictability
2. Adjustment for the cost of bearing risk
3. Conservatism
4. Experience data that are not fully reliable

• Describe ways to mitigate model risk
Validation
1) model integrity: represents that which is being modeled
2) output analysis
Assess model results’ reasonableness 
Reconciling the results to priors
Reasonableness tests on key assumptions and parameters
Comparing to alternative models
3) peer review
Appropriate Governance and Controls
The actuary should use or, if appropriate, rely on others to use appropriate governance and controls to minimize model risk, to maintain the integrity of the model, and to avoid the introduction or use of unintentional or untested changes

• Describe considerations for actuarial communications of model results
Consistent with the guidance in ASOP No. 41, Actuarial Communications
· Describing any material changes
· Explanation of Limitation of Models
· Discussion of Models
· Comparison to Prior Reports
· Description of Conservatism/Optimism
Actuaries should disclose the following:
· Scope of Actuary’s Responsibility
· Failure to Meet Intended Purpose
· Inconsistent Assumptions and Parameters
LAM-144: Use of Discount Rates in Actuarial Models
• Describe the two types of discount rate categories: matching and budgeting calculations
1. Matching calculations: “market consistent” approach
Values a liability with reference to the discount rates implicit in the market price of a replicating portfolio
2. Budgeting calculations
How the liability is going to be financed. 
Assets are accumulated at an investment rate to meet liability cash flow needs. 
Relative to the expected returns from a particular investment strategy

• State the two disadvantages of matching calculations
1. Does not imply adequacy of assets to meet liabilities at all times (unless the investment strategy provides a perfect match)
2. Often there are no assets that replicate the liability cash flows exactly

• State the two disadvantages of budgeting calculations
1. Adequacy of assets in the matching framework (either currently or in the future)
2. Transactional value of the future cash flows

• Identify applications where each discount rate categories may be preferred
1. Matching: Solvency; Transactions
2. Budgeting: Funding
LAM-145: Expert Judgment
• Why expert judgment is needed in actuarial work
1. Understand material balance sheet risks from EJs
2. Common understanding of the main areas for judgment:
3. Limitations/scope of judgments
4. Evidencing of experts’ thought processes/credentials
5. Sensitivity and risk inherent in judgments
6. Governance, debate, and challenge around key areas
7. Visibility across all stakeholders
8. Audit trail for decisions
9. Industry-level comparisons

• Particular areas of expert judgment
Process and validation

• 5-stage expert judgment process
· Be able to list all 5 steps
· Know detail under each step
Assess, define, elicit, decision, monitor
1. Preliminary assessment of judgment (nature and materiality)
• Determine if judgment is in scope of EJ process
2. Defining the problem and scope
• Identify initial plausible range and drivers for change
3. Elicitation of expertise (depends on nature/importance of EJ)
• Clarify data, assumptions, principles, methodologies, and models
4. Decision-making (governance, thought process)
• Important for validation and re-assessment
• Thought processes should be clearly set out in a logical structure
• Include info sources and how they were used
5. On-going monitoring (annual calibration/assumption setting exercises)

• Validating expert judgment (process, tools)
Process
· Identify bias and dysfunctional behaviors
· Validate the decision-making process to ensure it is logical
· Validate any external model used
Tools
1. Testing the robustness of the internal model
2. Hypothesis testing results against experience
3. Profit and loss attribution
4. Stress and scenario testing (external macro environment)
5. Benchmarking (alternative views)
6. Simplified models that provide a fresh perspective
7. Manual checking of a sample of internal model calculations
8. Peer reviews

Model Validation for Insurance Enterprise Risk
• Describe the five distinct elements of model risk, outlining a validation process with steps to address each element
1. Conceptual risk: not suitable for the purpose of the application
2. Implementation risk: wrong algorithms were used, or bugs/coding errors
3. Input risk: input parameters are inappropriate, incomplete, or inaccurate
4. Output risk: key figures and statistics do not support the business purpose, or are too sensitive with respect to the input parameters
5. Reporting risk: the representation of the output for the business users is incomplete or misleading

• Describe challenges faced when performing model validation in a dynamic environment, with a focus on the risk management control cycle
Risk Management Control Cycle
Assess, Evaluate, Manage, Measure
Challenges
In a real world setting, the time required can take many financial reporting cycles
Different model changes can be tested and validated at the same time (branching)
Too many different branches can cause disorganization and higher failure rates
An issue-tracking system can help manage the different branching environments

• Summarize the case studies, in particular the way model risk plays a role in developing insurance products
AIG CDS
JP Morgan
ULSG
Effect of Deflation or High Inflation in Insurance
• Define inflation
Changes in the overall level of prices within an economy, which consequently leads to the erosion of the domestic currency

• Describe the different causes of inflation
· Demand-pull inflation: net excess demand leads to price increases and thus inflation
· Cost-push inflation: Cost of production (raw materials, commodities, labor) increases, and the elevated prices get passed on to the consumers
· Foreign-exchange impact
· Inflation persistence/inertia: Future inflation may be highly correlated with recent history
· Supply of money

• Understand that the Phillips curve is a graph of the (theoretical) inverse relationship between inflation and unemployment
A graph of the inverse relationship between inflation and unemployment:
High Inflation / Low Unemployment (Economic Expansion)
Low Inflation / High Unemployment (Economic Decline)

• Describe the consumer price index (CPI), the most common method to measure inflation
The percentage change in the overall level of prices over a 12-month period as measured by a price index, involves tracking the relative price of a static basket of representative goods over time. It is an upwardly biased measure.

• Describe deflation and hyperinflation
Deflation - decline in the general level of prices in the economy
Hyperinflation - associated with periods of high inflation, although the precise definition used will vary depending on the source
   Large increase in a money supply relative to demand
Economic strains that follow a shock to tax revenue, which reduces funds available to build required infrastructure in rapidly growing economies

• Describe inflation risk for life insurers
· Risk of high inflation: significant lapse
· Risk of deflation: earning promised rate guarantees
· Balance sheet risk: financial performance metrics are typically negatively impacted by unanticipated inflation, particularly for life insurers with significant leverage

• State the Fisher hypothesis
A relationship between inflation and nominal/real rates of return
The Fisher Hypothesis equation: Ri = ri + q
– Ri : continuous nominal rate of return
– ri : continuous real rate of return
– q: continuous inflation rate

• Describe the three inflation risk mitigation steps
1. Actuarial aspects:
Product Design; 
Real interest rates should be used for guarantees and investment rates (instead of nominal rates)
Index benefits for inflation need to have a cap
Policy design issues can be addressed proactively – and should be addressed now
2. Operational aspects
Companies need to be prepared to devote the resources needed to critical areas under different inflationary environments:
High inflation: increase deductibles, premiums, coverage levels,etc.
Deflation: increased unemployment and subsequently higher lapses / worse credit levels, unpaid balances on existing policies

3. Investments
Purchasing inflation-indexed bonds or inflation swaps or caps and floors as assets to protect against inflation risk
Purchasing shorter-term bonds
Invest in commodities (e.g. gold)

• State the model equation and the three regimes for the proposed regime switching inflation model
Model Equation:
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qt: level of inflation at time t
k > 0: mean reversion speed
θ: mean reversion level
εt: random noise from a normal distribution
σ: constant parameter to scale the amount of uncertainty in the inflation process
Three regimes
k; θ and σ values for each of the deflation/normal/high inflation regimes
Interesting Challenges for Insurers
• Know the “bad and the ugly” interest rate scenarios and how they hurt insurers
1. “Japan-Type” Scenario
Interest rates stay very low for a long time
Spread compression → lost profits
Increases cost of hedging living benefits
2. Inflationary Scenario (Disintermediation)
Interest rates spike up suddenly
High lapses force sale of depressed assets
Higher credited rates erode profit margins

• Understand the “short straddle” option concept and where insurers want to be
• Considerations for establishing a risk management framework
· Enterprise view of risk
· Consider earnings at risk as well as value at risk
· Credit risk limits
· Risk capital
· Measurement and reporting
· Test pricing actuaries

• Scenario analysis techniques: types and benefits
1. Repricing gap analysis: Maturity mismatches; Interest rate term mismatches
2. Parallel yield curve shifts
3. Non-parallel yield curve shifts: Key rate durations; Twists, tilts, bends
4. Spread duration analysis: Sensitivity of asset MVs to credit spread changes
5. Benefits:
Compare results to established risk limits
Understand hedging cost/value
Establish optimal hedging tactics

• How to reduce interest rate risk through product design
1. Any product: Reduce minimum guaranteed credited rates
2. VAs: Index living benefit guarantees to interest rate levels
3. ULSG: Increase premiums or use derivatives
4. Immediate annuities: Encouraging dollar cost averaging
5. Fixed annuities: Encourage EIAs over pure fixed annuities
Model Efficiency Study Results
• Be able to describe and compare each of the 6 methods
1. Transfer Scenario Order – Identify the only the worst scenarios within a larger set
2. Representative Scenarios (4 types) – Select a subset of scenarios that represent the full set based on certain characteristics
- Modified Euclidean Distance Method
- Relative Present Value Distance Method
- Significance Method
- Scenario Cluster Modeling
3. Importance Sampling – Sample more scenarios in parts of the distribution that are more critical to the overall result (variation of the Significance Method)
4. Curve Fitting – Fit an underlying distribution and using that distribution
5. Cluster Modeling – Combine policies with similar characteristics to create a scaled subset of in-force
6. Replicating Liabilities – Use optimization to determine a scaled subset of policies with similar characteristics to the full in-force

• Understand the positives and negatives of each method
1. Transfer Scenario Order
Advantages: 
Easy; Low ongoing effort; Cell compression; More powerful for higher CTEs
Disadvantages: 
Only works for tail metrics;
Error (= Compressed/Original-1) <= 0% (not be conservative for statutory)
2. Representative Scenarios
Advantages:
Significance Method produced the lowest errors
Easy; No bias in mean results; wide range; No additional scenarios
Disadvantages:
Not appropriate for tail metrics; Requires considerable testing before implementation
3. Importance Sampling
Advantages:
Best for deep OTM options
Disadvantages: 
Barely increases accuracy; Match the cash flow pattern; 
Scenario ranking method is well-defined and closely correlated with cash flow drivers
4. Curve Fitting
Advantages:
Disadvantages: 
No way to target the left tail
Requires significant effort and expertise
5. Cluster Modeling
Advantages:
Usable with different modeling platforms
Fairly low error at very high levels of compression
Compression levels can be adjusted to improve accuracy
Minimal time required for ongoing use
Disadvantages: 
Create noise; potential bias
6. Replicating Liabilities
Advantages:
Low errors; Errors did not vary by metric; Minimal ongoing maintenance
Disadvantages:
Bias; Significant initial effort; Learning curve upfront

• Be able to recommend a method for a specific application
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Model Efficiency in the U.S. Life Insurance Industry
• Define model efficiency
The development of financial models that yield results with a minimum amount of time and effort

• Describe historical developments for model efficiency in the US Life Insurance industry, including:
· Commutation functions (such as Ax)
· Model Efficiency Work Group (MEWG) (PBR framework)
· The meaning of PC “master/slave agreements”
The software running on one PC, the master, was programmed to off-load some of its work to the same program running in slave mode on other PC
· Grid/cloud/parallel computing
Enabled developers of actuarial systems to distribute workload over hundreds of CPUs
· Graphical processing units (GPUs) for parallel computations

• Explain the MEWG “Model Efficiency Taxonomy”
1. Actuarial Modeling Techniques
– Scenario Design and Selection
– Mathematical and/or Model Design
– Model Data-Building Techniques
2. Technology Solutions
– Hardware Design
– Software Design

• Describe the replicating portfolio (RP) approach for model efficiency
Find a basket of assets that matches the value of a liability inventory over a wide range of shocks and then use this portfolio as a surrogate for the value of the liabilities in further analysis

• State the advantage and disadvantage of the RP approach
Advantage
More manageable, especially if the assets in the basket have closed-form solutions for market valuation
Disadvantage 
If based purely on liquid and analytically tractable instruments, there can be accuracy limits for some products

• Describe the proxy modeling approach for model efficiency
A function (proxy) is fitted to the liabilities, with that function expressing the liabilities in terms of the underlying risks to which the liability is exposed

• Describe the cluster modeling approach for model efficiency
Involves establishing the importance of individual data points and mapping less important points into the more important ones and continuing that reduction process until the desired number of model cells has been reached
Making Spreadsheets Great Again
• Understand that there are different categories of spreadsheet formulas that are subject to different levels of review
· Simple and need little to no review
· Complex formulas that may need more review
· Hard-coded constants
· Broken formulas

• Discuss validation methods for linked spreadsheets / dependent workbooks
List all of the spreadsheet’s links and compare them to the prior period

• Explain what is meant by the term “nonvolatile formulas”
Those that will not need to be updated except in unusual cases

• Explain considerations for monitoring constants/hard-coded numbers in spreadsheets
· Review the constants/hard-coded numbers to ensure reasonableness
· Hard-coded numbers are accidently carried forward
· Identify any prior manual adjustments, true-ups, etc. that are no longer relevant and should be removed
· Flag and highlight hard-coding

• Describe validation controls for manual entries
· A model may rely on certain input manual entries by a user (e.g. Y/N flag)
· Want to avoid the case where the input by the user is in an unexpected format
· Manual entries with dependencies should be the focus of validation controls (as opposed to those with no dependencies)
End to End Assumption Documentation Practices
• State the eight components of assumption documentation
1. General Assumption Document Standards
2. Assumption Review Planning
3. Internal Experience Studies
4. External Experience
5. Assumption Proposal
6. Approved Assumptions
7. Communication of Approved Assumptions to the Modeling Team
8. Assumption Implementation

• Provide an analysis/critique of a described assumption governance process

Actuarial Modeling Systems
• Compare open vs closed code systems
Open code systems
Directly alter a formula for specific purpose
Closed code systems
A “black box” model that relies on built-in functions and has no flexibility for the user

• State considerations (including a general description, as well as advantages and disadvantages) for whether a company should choose an open vs closed model based on:
· Model governance
· Control Environment
· System Documentation
· Automation
· Speed
· Flexibility / Out-of-the-Box Functionality
· Regulatory Readiness
· Reporting of Results
· Auditability and Transparency of Assumptions & Calculations
· User Interface
· Cost of Required Skills for Model Maintenance
· Key-Person Risk
· Version Upgrades
· Vendor Role and Dependencies

• List the four suggested categories of business requirements for open vs closed model selection
1. Supporting Governance 
2. Maximizing Efficiency 
3. Enhancing Transparency
4. Minimizing Costs
Data Visualization for Model Controls
• Define internal control, according to COSO
“Internal control is broadly defined as a process, effected by an entity’s board of directors, management and other personnel, designed to provide reasonable assurance regarding the achievement of objectives relating to operations, reporting and compliance.”

• State the problems with controls
· Provide extensive numeric results from a model
· Fail to distinguish exceptions from anticipated results
· Difficult to read / interpret large amounts of data
· Rely too heavily on actuarial judgment, and the model reviewer may not have developed sufficient actuarial judgment

• State the general rules for visualization in controls
· Make controls as simple as possible, but as complex as necessary
· Provide immediate indications of A/E
· Emphasize the critical data
· Changes in output values are often more informative than either the beginning or ending values
· Orient the data in the most user-friendly way
· Color draws the eye quicker than black and white
· Use a visualization style suitable to the purpose.

• Understand that mosaic plots are not effective visualizations for model controls
It is difficult to make quantitative comparisons when using mosaic plots
Determining the smallest and largest tiles may not be immediately obvious
Because rectangles are used with different dimensions, this makes interpreting the information from a mosaic plot quickly a challenging task

• Draw a heat map, and describe when a heat map may be used as a visualization method for model controls
In cases where there are better/comfortable results vs worse/uncomfortable results, a heat map may be effective
Section C Asset-Liability and Projection Models
LAM-117: Key Rate Durations
• Why effective duration is a poor measure of interest rate risk
The yield curve rarely makes a parallel shift

• Definition of key rate duration
1. Changes in specific yields
2. Combinations of different yield shifts (changes in the shape of the yield curve)

• 3 propositions for key rate durations
· Effective duration = linear combination of KRDs
· The KRDs of a portfolio = weighted sum of each bond’s KRD
· A portfolio of zero-coupon bonds can be constructed to have the same value and interest rate risk exposure of the underlying bond or portfolio

• Interpolating between key rates
• Using KRDs to build specific shift attributes
• 3 classic yield curve shifts—level, steepness, and curvature
Level; Steepness; Curvature
• Analyzing the distribution of interest rate exposure
• KRD ratios in a portfolio context (Wi=Di/Ti)

• KRD profiles of various securities
Call provision
Increases exposure to short-term interest rates
Non-callable bonds have much more exposure to changes in longer term interest rates
Callable bond coupon level
Higher coupon = higher chance of being called
Higher coupon = more exposure to short-term interest rates
Sinking fund
Sinking fund retires principal faster → lowers duration
Call vs. put
Call = short position in T-yr zero + long position in underlying bond
If T-yr rate rises, short position shrinks (increasing call value): negative KRD
If rates beyond year T fall, value of underlying increases (positive KRD)
Puts are the exact opposite of the above
Positive KRD at exercise date
Negative KRDs beyond exercise date
European call vs. American call
American be exercised any time)spreads exposure over more key rates
Mortgage pass-through
Very low individual KRDs compared to bonds → interest rate exposure is very spread out
Prepayment option = call option → similar to profile of callable bond with sinking fund
Principal- vs. interest-only strips
PO: Call-like, benefits from falling interest rates (increases prepayments)
IO: Put-like, benefits from rising interest rates (extends coupon payments)
LAM-118: Revisiting the Role of Insurance Company ALM
• Understand the “complex duties of insurers”
· Answering to policyholders, shareholders, rating agencies and tax agencies
· Managing its group’s overall balance sheet and capital adequacy
· Reporting financials based on accounting requirements (if publicly traded)

• 4 metrics used by stakeholders
Assets-only/surplus Volatility, VaR, CTE, Surplus drawdown risk

• Challenges faced by insurers in the financial crisis
Significant realized losses
Unrealized losses via Accumulated Other Comprehensive Income
Severe drops in market capitalization versus the broader market
Falling RBC ratios created the need to raise capital

• How insurers reacted in the financial crisis
Increased liquidity, lowered risk
Raised capital

• 3 ways to create an integrated risk management strategy
1. Clearly define a market risk budget
2. Evaluate economic objectives vs. insurance constraints
3. Determine how and where ALM fits into the overall risk management framework

• 6 core ERM processes
1. Risk governance
2. Risk and capital measurement
3. Risk budgeting
4. Liquidity risk management
5. ALM and SAA
6. Risk reporting

• GSAM’s ALM and SAA 6-step process
Step 1 – Investment Objectives and Constraints (most important step)
Step 2 – Asset Universe and Assumptions (Correlations)
Step 3 – Liability Cash Flow and Replicating Portfolio (CF/Durations/Portfolio)
Step 4 – Risk Measures
Step 5 – Risk Return Trade-Offs (efficient frontiers)
Step 6 – ALM and SAA

• Understand how to interpret an efficient frontiers
Achieve incremental net excess yield and minimize risk, while meeting the various specific insurance constraints

• Key conclusions from the case study
· ALM and SAA are important to insurers
· Monitor ALM and SAA from time to time to cope with the changing markets, and business markets
· Stress-test assumptions
· Set risk budgets at the aggregate level (allows holistic SAA to benefit from diversification of market risks)
· Allocate risk and capital budgets to legal entity or line of business level
LAM-130: Diversification (pages 1-18)
• Describe diversification and the impact of correlation
Reducing risk by investing in a variety of assets
Correlation: No(+1), Some(-1~1), Full(-1)

• Describe ways insurers manage risk
1. Pooling similar and sufficiently independent risks
2. Pooling dissimilar risks
3. Combining opposite risks to provide internal hedges
4. Limiting risk concentrations (underwriting and mitigation)

• Top-Down vs Bottom-Up Approaches
Top-down 
sub-risk level and subsequently aggregated and allocated using a model of risk aggregation
Advantages:
1.More intuitive to understand and conceptualize
   2.Limits the number of dependencies that need to be estimated
   3.Facilitates a step-wise process
   4. Easier to make the whole correlation matrix internally consistent / positive semidefinite
Disadvantages:
   Depend on exposure to risk factors
More approximate
Can lead to inconsistencies in the overall diversification calculation
Less conducive to decision making at a more granular level
Limitations for risk management (interactions)
Bottom-up
sub-risk level is measured by aggregating using a joint model of risk and correlations between the different risk drivers

• Risk Aggregation Methods
Simple summation 
Just add up and produces an upper bound
Fixed diversification percentage 
Simple, but not adequately for complex risks
Variance-covariance matrix 
Across risk types and fairly simple; be fixed over time and linear and no allowance for skewness
Copulas
What joins the marginals into the joint distribution
Advantages:
– More flexible - allows for skewness, non-linearity, and heavy-tailedness
– Can allow for rich interactions between risks
Disadvantages:
– Functional form and parameters have a fundamental impact on risk aggregation
– Require estimation of the distributions for all underlying risk categories
– Demanding Monte Carlo computation
– Parameter estimation uncertainty
– Challenging to communicate
Integrated Model
Identify common risk drivers and interactions between common drivers are modeled, usually by simulating scenarios
Advantage:
– Theoretically most appealing and intuitive because it captures all risk interdependencies and effects for the whole portfolio
– Can capture non-linearity effects through structural risk interactions
Disadvantage:
– Demanding (creating inputs/scenarios, calibrating parameters)
– Difficult to have transparent/well-communicated results

• State the five principles to help guide the development and demonstration of credible dependency assumptions
1. Expert judgement should be utilized and incorporated in a structured and documented way
2. Parameterization should utilize as much relevant data as practicable
3. Estimation of dependency relationships should take into account tail behavior
4. Material dependencies should be identified and their impact on capital should be appropriately explained
5. Model users should understand how diversification assumptions impact model outcomes
LAM-131: Ch. 22 of Life Insurance Accounting, ALM
• State the core and focus of ALM
Core of ALM: An insurer’s responsibility in taking on investment risk is to assume prudent levels of risk, price the risk properly in charging for its products and then manage the risk successfully
Focus of ALM: Coordinating investment strategy with product design, pricing and in force management
• State reasons investment risk arises for life insurance products
– Long-term nature of products
– Guaranteed benefits
– Early withdrawal provisions
– Policyholder right to deposit additional premiums in flexible premium products
– Investing in bonds and collateralized mortgage obligations (CMO) with call options and prepayment risk

• Understand that surplus equals assets minus liabilities, and effective ALM neutralizes surplus risk
• Understand that ALM requirements can be stated as investment return requirements or investment value requirements
1. Investment returns - what investment returns are required to fund increases in liability values
2. Investment values - more useful to consider what asset values must be available to fund policy benefits

• Describe interest rate risk, maturity mismatch risk, and option risk
Interest rate risk - the potential for loss resulting from changes in market interest rates
Maturity Mismatch Risk - a mismatch in the timing of asset maturities relative to policy benefits, requiring either reinvestment or disinvestment by the insurer at uncertain future interest rates
Reinvestment risk, Capital value risk (Disintermediation risk)
Option Risk - embedded options grant valuable discretionary rights to the insurer’s contractual parties

• Explain how VA insurers are exposed to equity risk
1. Revenue risk: M&E charges with AV
2. Guarantees
WHY to underestimate:
- overly simplistic depiction of capital market dynamics
- Guaranteed benefit provisions have been liberalized/increased due to competitive considerations
- claim amounts could be catastrophic in severe capital market conditions

• State the challenges of ALM
Measurement basis/Analytical platform/Communication

• Describe the approaches to ALM
Investment strategy/Product design/Reinsurance/Holism (at the enterprise level)

• Describe duration, convexity, and value-at-risk
• Describe immunization

• State the limitations of duration
– Only works for small changes in interest rates
– Assumes that the yield curve shifts in a parallel fashion
– Duration matching theoretically requires continuous rebalancing of the asset portfolio, which is impractical and can involve exorbitant transaction costs
– Duration calculations are based on expected cash flows, uncertainty due to policyholder option

• State the advantages of value-at-risk
* Concise measure that summarizes risk into single value
* Measures downside risk
* More easily understood than other ALM metrics
* Can successfully be applied to any source of risk or combinations

• Describe dynamic hedging
– Involves establishing a hedge portfolio with equity market sensitivities that match those of the liabilities. Changes in the market value of the hedge portfolio can be expected to offset changes in the fair value of the liabilities
– Must be rebalanced over time

• Describe commonly used derivative instruments
• State best practices in ALM
· Secure senior management commitment
· Ensure a clear assignment of roles and responsibilities
· Leverage the cash flow testing platform (CFT)
· Select the most appropriate metric
· Ensure a responsive and effective mitigation process
LAM-140: Asset Adequacy Analysis Practice Note
• State the goal of asset adequacy analysis
Ascertain the ability of a block of assets to support a corresponding block of liabilities, taking into accounts the cash flows associated with the assets and liabilities, as well as interactions among the cash flows.

• Describe the methods used to perform asset adequacy testing (particularly Cash Flow Testing (CFT) and Gross Premium Valuation (GPV))
CFT: involves projecting cash flows for both assets and liabilities, and ensuring that asset CFs are sufficient to meet liability CF needs
CFT is generally appropriate where cash flows or PV may vary under different economic or interest-rate scenarios
GPV: involves a projection of the liability premiums, benefits, and expenses
Only requires liability CF projections
May be appropriate where the policy cash flows are sensitive to moderately adverse deviations in the actuarial assumptions but are not sensitive to changes in interest rates

• Explain the differences between CFT and GPV
Projection of asset cash flows is only required under CFT

• Describe the meaning of “moderately adverse conditions”
Conditions that include one or more unfavorable, but not extreme, events that have a reasonable probability of occurring during the testing period
Interpretations include:
– Compare to present
– Conditions and assumptions observed for sample scenarios
– Financial impact / level of adversity in financial results

• Describe how to determine length of projection period used
Asset adequacy should be tested over a period that extends to a point at which, in the actuary’s professional judgment, the use of a longer period would not materially affect the analysis

• Explain how actuaries typically select which assets to be used in the asset adequacy analysis
With reasonably predictable cash flows and lower market value volatility
Examples of preferred assets for selection include low-risk fixed-income securities,
bonds, etc.
Securities such as stocks are typically excluded
Hedging instruments and derivatives should be included when they are integral to managing product risks

• Describe reinvestment, and how it should be modeled
· Net positive cash flows arise from future premiums and deposits, interest earnings, asset maturities and sales, and other cash inflows, net of policy or contract benefits, expenses, taxes, and other cash outflows
· Construct a simple “reinvestment” portfolio consisting of a small number of securities that collectively represent the quality, duration, and asset class characteristics reflecting the company’s investment strategy

• Describe disinvestment, and how it should be modeled
· Disinvestment occurs when there are negative cash flows in the model
· Small shortfalls are typically assumed to be covered by short-term borrowing
· Large shortfalls are typically best modeled by selling assets (order of priority)

• Define bond call options, and explain the use of prepayment options
Allows the issuer of the bond to prepay the bond under certain conditions by paying a call premium to the company
– Exercising depends on interest rates (ITM)
– A bond call option is typically exercised in a low interest rate environment, resulting in the issuer repaying the principal early to the bond holder. As a result, the bond holder receives principal under a low interest rate environment, and may have a low reinvestment rate
– “Make-whole” provision - the issuer will pay the holder an amount to
compensate for any loss when the bond is called

• Describe mortgage-backed securities (MBSs) and collateralized mortgage obligations (CMOs)
MBS: The holder of an MBS investment receives the actual principal and interest payments from the underlying residential loans in the pool as a direct pass-through
CMO: are structured securities that break up the total principal and interest payments from the pooled loans into components, or “tranches,” with each tranche sold as a separate investment

• State key risks for MBSs and CMOs
1. Prepayment and Extension Risk
2. Default Risk / Credit Losses

• State the two features that suitable CMO models should have
1. Waterfall structure – the cash flows of the modeled tranche are dependent on cash flows of other tranches
2. Prepayment rates are dynamic over time and vary as interest rates change

• Describe commercial mortgages
Loans collateralized by income-producing commercial properties, such as apartment buildings, shopping centers, hotels, or office buildings
Less frequently pooled/grouped compared to residential mortgages

• State the three differences between commercial and residential mortgages
1. Commercial mortgages usually have some level of call protection or "make whole" provisions
2. Commercial loans are usually not fully amortized over the duration of the loan term. As a result, there typically is a significant balloon/extension risk at the end of the term
3. A higher percentage of commercial mortgages tend to be adjustable rate when compared to residential mortgages

• State key risks for commercial mortgages
· Credit quality
· Reinvestment risk or extension risk
· Concentration risk
· Interest rate risk
· Liquidity risk

• Define policy cash flow risk (Pricing Risk, C2)
The amount or timing of cashflows under a policy or contract will differ from expectations or assumptions for reasons other than a change in investment rates of return or a change in asset cash flows.

• Define longevity risk
The risk related to the increasing life expectancy of policyholders, which may translate to higher-than-expected cashflows

• State considerations for modeling expenses in asset adequacy analysis
· Expenses typically included in asset adequacy analysis are maintenance expenses, commissions, investment expenses, and overhead expenses
· Typically acquisition costs do not need to be considered, because ASOP 22 focuses on cash flows arising from the in-force business
· a reconciliation should be made between the modeled expense and the actual income statement expense
· expenses will decrease over time as economies of scale are reached. This can be reflected in testing by splitting out expense assumptions into fixed and variable components
· Can model expenses increasing by inflation using either a fixed or by-scenario assumption
· Sensitivity test
· The most common approach is to let unit expenses fully reflect all policy-related maintenance and overhead expenses
· Investment expense: implicit or explicit
LAM-146: ALM of Financial Institutions, Ch. 16
• Compare the “capital market view” and “actuarial view” of insurance products
Capital market view - a bundle of options granted by the insurance company to its policyholders in exchange for a fee
Actuarial view - series of future benefit payments/cash flows tied to pre-defined contingent events (e.g. death, disability, retirement)

• Explain why solely relying on historical data for assumption setting can be dangerous
• Describe options written by insurance companies
[image: ]
• Describe options granted to insurance companies
[image: ]
• Explain how insurers can use swaps to manage risk
LAM-147: ALM of Financial Institutions, Ch. 2
• State the three different types of common ALM methodologies
1. Static Methodologies
Dedication/cash flow matching - finding assets producing exactly matching the liability cash flows
2. Dynamic Passive Methodologies
Immunization seeks to match asset and liability sensitivities to key parameters (e.g. duration matching, convexity matching, key rate duration)
Indexing seeks to duplicate the performance of an index serving as a benchmark for a given financial institution
3. Dynamic Active Methodologies
Active Management - managing assets against liabilities in view of defined corporate objectives of the financial intermediary (e.g. total return optimization)
Contingent Immunization - calls for active management as long as assets are sufficient to pay the liabilities, and for immunization (or dedication) when they fall to the level only sufficient for such a payment

• Describe portfolio insurance
Involves holding (1) the underlying asset together and (2) a put option on it, with an exercise price set at the minimum level needed to pay the liabilities

• Explain the role of a financial institution beyond just being in the business of finding arbitrage opportunities
1. To provide ways of clearing and settling payments to facilitate trade
2. To provide a mechanism for the pooling of resources and for the subdividing of shares in various enterprises
3. To provide ways to transfer economic resources through time, across borders, and between industries
4. To provide ways of managing differential risk between assets and liabilities
5. To provide price information to help coordinate decentralized decision-making in various sectors of the economy
6. To provide ways of dealing with the agency problem created when one party to a transaction has information that the other party does not, or when one party acts as agent for another

• Describe the short/long view of a financial institution
– Short Position - financial institutions provide financial assets to the household sector
– Long Position - financial institutions use the cash flow from the short position to purchase securities supplied by the corporate sector

• Define risk capital
The smallest amount that can be invested to insure the value of the firm’s net equity (capital) against a loss to value relative to risk-free investment
The actual balance of hedging and assumption of market risks (that can be hedged) should depend on the cost of risk capital

• Give examples of insurance products that are structured as derivatives
Term life insurance - a derivative on human capital
Whole life insurance - offers long-term minimum interest rate guarantees on cash value
Deferred annuity - offers an interest rate guarantee and the option to withdraw principal
Variable annuity - Can provide a variety of exotic embedded options / guarantees
Disability insurance - An option to put the insured’s human capital to the insurance company when its market value drops below the insured level as a result of the insured event
P&C policies - providing an inflation-linked embedded option
LAM-141: Case Study (Modeling)
• List the advantages and disadvantages of first principles modeling
Advantages:
· Internal assumption consistency
· Refined assumption detail
· Better benchmarking capability
· A projection model that calculates paid claims and claim reserves on a more granular basis
· A projection model that includes incidence of new claims and counts of existing claims
Disadvantages:
· Challenge of developing more detailed assumptions
· Lack fully credible experience
· Learning curve of working with a more detailed projection model

• State the two steps for moving from a claim cost / legacy projection model to a first principles approach
1. Develop assumptions
2. Input assumptions and test the results
LAM-142: Case Study (Mortality)
• Understand that healthy mortality + disabled mortality = total mortality
• State the three approaches for developing first principles mortality assumptions and explain the advantages and disadvantages
1. Implied Total Mortality Approach
Advantages: most granular components
Disadvantages: challenge of data credibility
Inconsistent with the mortality the company has experienced on a total life basis
2&3. Implied Disabled or Healthy Mortality Approach
Advantages: preserving total life mortality, most consistent with the legacy model
Disadvantages: 
Disabled mortality assumption may result in unreasonable patterns
Skew/distort the calculation of future claim reserves and the projected runout of paid claims

• Describe the challenges of developing an active/healthy life mortality assumption
· Problem of accurately classifying a policy termination as a lapse or a death
· Lack of exposure at advanced ages and late policy durations
· Determining a reasonable ratio of active to total life mortality

• Describe the challenges of developing a disabled life mortality assumption
· Data is generally less credible than active mortality data
· Challenge of correctly categorizing a death as a “disabled life” death
· Determining the curvature for the concave pattern is challenging
· Unexpected patterns and unsmooth trends

• Explain the use of mortality improvement in LTC modeling
a more accurate approach would apply separate improvement assumptions to healthy versus disabled lives
– First principles models allow for explicit modeling of separate mortality improvement assumptions
– Some expect that most of the mortality improvement observed on a total life basis is driven by improvement in healthy life mortality (with little or no disabled life mortality improvement)
– If so, then applying total life mortality improvement to disabled lives could unintentionally lengthen the projected paid claim runout, with the potential for an unintended overstatement in projected claim payments
LAM-143: Case Study (Lapse)
• State the three approaches for developing first principles lapse assumptions
1. From experience:  
healthy life lapse = total healthy life terminations - actual healthy life deaths
2. Develop a healthy life lapse assumption directly from experience by using an assumed healthy life mortality rate and the total, healthy life terminations
3. Develop a healthy life lapse assumption on an implied basis by using total life lapse assumptions and healthy life and disabled life mortality assumptions

• Explain why having an ultimate total life lapse rate reach a constant level produces an increasing healthy life lapse rate by duration
As the mix of lives shifts toward more disabled than healthy lives, assuming the total life lapse rate stays constant, the healthy life lapse rate will increase over time

• Explain the importance of mortality rates in developing a lapse assumption for Lapse Approach #2
If the mortality assumption is inappropriate, then it could imply an unrealistic lapse assumption and may exhibit unusual or unexpected patterns
– Simply matching up total historical mortality and total assumed mortality may not be sufficient
– Trends, such as durational and attained age trends, should be considered
Section D Economic Scenario Generator and Equity-Linked Models
IG Chapter 1: Investment Guarantees
• How investment risk is different from insurance risk
Investment risk is systematic—can’t be diversified away like insurance risk

• Major types of guaranteed benefits sold by insurers
• Types of equity-linked contracts by country
• Basic call and put option mechanics
• Primary ways that insurers manage equity-linked guarantee risk
1. Buy Options from Third Parties
2. Dynamic Hedging
3. The Actuarial Approach (stochastic analysis)
4. The Ad Hoc Approach
IG Chapter 2: Modeling Long-Term Stock Returns
• For each model, the author discusses the general framework, advantages, and disadvantages:
· Lognormal model
Advantages
Simple and tractable
Reasonable results over short time periods
Disadvantages
Not as good for long-term projections
Fails to capture extreme price movements
Does not allow for autocorrelation
Does not capture volatility bunching
· Auto-regressive models
Does not require independent and identically distributed variables
AR(1)
Advantage: Captures auto-correlation in the data
Disadvantage: Does not capture extreme values or volatility bunching
ARCH(1)
Advantage: Produces volatility clustering
GARCH(1)
Advantage: Provides additional flexibility and a better fit
· Regime-switching lognormal model
Advantages
Includes stochastic volatility
Provides a good fit to the data
Has a much fatter left tail than LN model (puts more weight on extreme events)
· The empirical model
Advantages
Simple, quick way to simulate returns; Provides a good fit to the data
Disadvantages
Does not allow for autocorrelation; Tail is too thin; Does not capture volatility bunching
· Stable distribution family
Advantage: Produce fat-tailed distributions
Disadvantages: 
Not very easy to use; Does not incorporate autocorrelations; Does not capture volatility bunching
· The Wilkie model
Advantages
Designed for long-term applications
Consistent projections of different variables
Disadvantages
Designed for annual data only, so not good for hedging strategies
Complexity of having multiple integrated models
Doesn’t allow for major changes in economy (e.g. effect of WWII)
Data mining problem – can’t test the model with date used to create it
Inconsistent with the efficient market hypothesis

IG Chapter 6: Modeling the Guarantee Liability
• Modeling equity returns
• Projecting fund values and guarantee payoffs
• Discounting future cash flows (income and benefits)
• Interpreting stochastic results
IG Chapter 7: Option Pricing Theory
• Understand the concepts of replication and no-arbitrage
• Understand the binomial model
· Put (or call) option valuation
· Risk-neutral probability calculation
· Dynamic hedging in a multi-period model
• Black-Scholes-Merton assumptions
• European puts and calls
IG Chapter 8: Dynamic Hedging for Separate Account Guarantees
• How to calculate the hedge portfolio for guaranteed benefit
• How to set margin offset income rate
IG Chapter 12: Guaranteed Annuity Options
• This chapter discusses guaranteed annuity options and provides 3 primary methods for
modeling them:
- The actuarial approach
- Dynamic hedging
- Static hedging
IG Chapter 13: Equity Indexed Annuities
• This chapter is based on 4 types of EIA product designs:
1. Point-to-point
2. Compound annual ratchet
3. Simple annual ratchet
4. High water mark
ESG Executive Summary & Chapter 1
• ESGs: Definition and Common Applications
a computer model of an economic environment that is used to produce simulations of the joint behavior of financial market values and economic variables
Two common ESG applications: RN and RW
• How ESGs Became an Important Tool for Risk Management
ESGs are superior to analytical approaches, especially if the variables’ distributions are not known
Stochastic option pricing models began to replace traditional approaches and ultimately evolved into ESGs

• How ESGs Satisfy Regulatory Requirements
· Test solvency and liquidity position
· Support pricing and reserving
· Internationally: ComFrame and Solvency II allow ESGs
· US: ORSA recognizes use of ESGs, and NAIC provides ESGs

• Specific Applications of ESGs
Life insurance: valuation, effective duration analysis, stress testing, economic capital, and strategic asset allocation
Interaction and policyholder behavior
Pensions: liability-driven investments, pension-funding sensitivities, and pension risk transfer considerations
P&C: assess impact of inflation, economic cyclicality, weather events, etc.

• Essential Features of a Comprehensive ESG (same as CH5)
· Reflects relevant view of the economy
· Includes extreme but plausible results
· Reflects realistic market dynamics and relevant historical facts
· Balances practicality and completeness
· Consistent across RW and RN modes
· Meets regulator and auditor requirements with sufficient detail for extensive validation
· Accommodates many types of calibration
· Computationally efficient and numerically stable

• Model Specification and Stylized Facts
· Stylized facts – generalized empirical findings that provide a consistent understanding of economic drivers across a wide range of instruments, markets, and time periods
· Can be based on (1) patterns in historical data or (2) expert judgment
· Establish and prioritize properties for a given application
· Provide a basis for understanding the strengths and weaknesses of ESG model frameworks and the applicability of the underlying model equations to specific risk management applications
· Stylized facts can account for things that basic statistics cannot (e.g. fat tails, path-wise behavior)
· Two important considerations in determining:
Data Window Considerations; Stability of Return Statistics and Correlations
· Examples

• ESG Calibration and Parameterization
· Parameterization - a particular choice of parameters
· Calibration – setting the parameters within an ESG model to produce the distributions and dynamics required for the application
· RW vs. RN calibration:
Market-consistent applications require ESGs that adhere to strict mathematical properties that satisfy RN and arbitrage-free conditions
RW parameterization is an iterative process
Simple regression is not effective and requires more robust tools like MLE and/or Kalman filtering:
1) Predicting the state of an observed variable based on a model
2) Comparing the prediction with the actual outcome in the historical data
3) Updating the parameters to achieve optimal predictive power
· Key Steps in Parameterizing a RW Model
1) Select the appropriate steady-state levels
2) Determine appropriate values for the initial conditions
3) Identify key parameterization targets for the application (stylized facts)
4) Control the expected mean reversion path

• ESG Validation
· Desirable characteristics of an ESG validation system:
Automated (better than manual)
Repeatable and consistent
Create acceptance criteria before observing output (no “problem discovery”)
· Considerations for validation data:
Accuracy or degree of confidence in the data
Completeness
Bias present (data should be appropriately unbiased)
Relevance
· Effective validation requires a human
Should have experience with the model
Should combine quantitative and qualitative judgments
· RW vs. RN Validation
RW validation is more varied than RN and falls into 3 categories:
Point in time; In sample; Out-of-sample validation or back-testing
RN validation is more defined: risk-free rate; martingale test

• Arbitrage-Free Modeling Considerations
Arbitrage – ability to buy/sell securities in a way that generates a risk-less profit
ESGs used for RN should be arbitrage-free. 
Average PV of RN scenarios = time zero price of asset (martingale tests)

• Risk-Neutral Scenarios
• Processes That Can Be Used to Generate Default-Free Interest Rates
1. Continuous-time single-factor models: stochastic differential equation for short rate
Market price of risk = Expected Return / Standard Deviation
Allows pricing of discount bonds and interest-rate-contingent claims
2. 2-factor models: more realistic: allows different market price of risk for each factor
3. Affine models: assumes interest rates are driven by stochastic processes
Advantages
– Efficient parameter estimation with MLE
– Can be used for RW and RN
– Well-defined calibration procedures
– Can sustain realistic correlations between yields
Disadvantage: models are linear, which may not reflect “real data”
4. Quadratic models: assumes short rate is a quadratic function of state variables
Advantages
– Can model non-constant volatility and negative correlation
– Captures nonlinearity
Disadvantages
– Difficult to fit targets of yields and returns
– Estimation is difficult and time-consuming
5. Nelson-Siegel: stochastic model of level, slope, and curvature of term structure
Widely used for forecasting interest rates
May do better in linking the term structure to macroeconomic factors
Dynamics of the stochastic process need to be understood when using

• Corporate Bond Yield Models
1. Structural models (Merton) – prices debt based on the issuing firm’s value
2. Reduced-form models – models time until default and intensity (e.g. using Poisson)
Linked to survival distribution theory
Cannot model rating changes (i.e. use for bonds with stable ratings)
3. Ratings-based models – models changes in the corporate bond spreads in response to ratings changes
Does not allow for idiosyncratic bond price behavior
Closed form version requires simplifying assumptions
4. Hybrid credit models – used for specific credit applications

• Equity Index Models
1. Black-Scholes – assumes LN returns with constant and dividend yield
2. Heston – generalizes Black-Scholes to use stochastic volatility (more realistic)
3. Stochastic volatility with jumps (SVJ) – generalizes Heston with a jumps
4. Regime-switching model – Black-Scholes with random changes in parameters

• International Considerations
Additional needs for a multi-economy ESG:
– Cross-economy calibration and validation requirements
– Processes for foreign exchange rates
– Global correlation matrices
Additional challenges for a multi-economy ESG:
– ESG variables may behave materially different in each economy
– Historical data varies greatly (short histories, structural changes)
– History may not be useful for modeling future co-movements
– Arbitrage-free requires a shared stochastic process across economies
ESG Ch. 2: The Need for Economic Scenario Generators
• Simulation Versus Analytical Solutions
Analytical (closed form) solution = result calculated directly based on an accepted formula, dealing with a single, known distribution, Impractical/impossible for complex joint distributions
Impediments and Limitations to Analytical Solutions
Requires known/knowable underlying distribution
Complex joint distributions (ALM, etc.)
Discontinuities – (retentions/limits in insurance contracts, data clustering)
Results require translation or mapping to the desired output
Multi-period projections
Monte Carlo simulation – use of random samples to solve a mathematical problem

• Analytics vs. Simulation for Severity: The Gamma Distribution
• The Problem of Increased Complexity from Joint Distributions
Require a joint distribution made up of the product of the Poisson distribution and the gamma distribution
Key conclusion: as more distributions are introduced, simulation becomes more necessary

• Historical Context: The Big Bang and Emergence of ESGs
• ESG Model Applications
• How ESGs Differ from Other Economic Models
Other non-ESG economic models include:
– Econometric models (e.g. price elasticity)
– Forecasting models – explains dependent variable using independent variables
– Stochastic term structure models – RN, arbitrage-free models for complex derivatives and embedded options
Key difference: ESGs are NOT intended to be predictive:
– ESGs produce scenarios that represent what could occur
– No requirement to provide insight about why the economy works the way it does

• Limitations of ESG Approaches
1. Model Risk
2. Sample error introduced by simulation
3. Long processing time for complex models (need variance reduction techniques)
4. Challenges of reaching convergence 
5. Requires a lot of data and expertise
6. Black box problem: difficult to explain to those who need the output
7. May not adequately account for extreme events and regime changes

ESG Ch. 4.1: Life Insurance Applications
• Only Section 4.1 of Ch. 4 is on the syllabus and covers life insurance applications
1. Life Liability Valuation
2. Effective Duration Analysis
3. Stress Testing and Cash Flow Testing
4. Economic Capital
5. Strategic Asset Allocation (SAA)
ESG Ch. 5: What are the Essential Features of a Good ESG?
• State the Ten General Characteristics of a Good ESG
1. Provides a sound foundation for the way the models are built and the way the variables are interrelated; it balances practicality and completeness
2. Provides a suite of models sufficient to capture the asset classes and economic variables of greatest importance to the risk profile of a given firm
3. Capable of accommodating many types of calibration views across a wide range of benchmarks
4. While being capable of accommodating many types of calibration views, it produces simulation results that reflect a relevant view
5. Produces some extreme but plausible outcomes
6. Embeds realistic market dynamics
7. Computationally efficient and numerically stable
8. Capabilities for real-world and market-consistent simulations and uses consistent models across both kinds of simulations
9. Meets the requirements of regulators and auditing firms
10. Produces sufficient simulation detail for extensive validation

• Compare the terms parameterization and calibration
• Describe headline risk and how it relates to the calibration process
Headline risk – strong tendency to overweight recent adverse market events in the calibration process
– Should not overfit to recent adverse market events
– Should have realistic future dynamics

• Define the terms path, extreme scenario and plausible scenario
· Path – single simulated scenario of all financial variables over time
· Extreme scenario - a scenario that reaches or surpasses the limits of experience
· Plausible scenario - a scenario that conforms to economic principles and can be rationalized in an economic context
ESG Ch. 6: Considerations of Model Specification and Stylized Facts
• Define the term stylized facts
• State the importance of stylized facts
• Compare the behavior of Treasury bonds and corporate bonds
T-bonds 
Closely related to the risk-free rate, 
Not complicated by significant concerns of liquidity or default
The yield of a T-bond varies widely depending on the time until maturity
Negative Interest Rates: short-term yields; needs to assess and validate
Corporate bonds
Default, along with the resultant recovery rates; Changing credit spreads; 
Credit migration

• Explain the difference between investment-grade(>=BBB-) and high-yield bonds (<=BB+)
• Describe typical characteristics of equity returns
· both higher expected returns and higher volatility than fixed-income returns
· Volatility of equity returns fluctuates significantly over time. Heteroskedasticity
· Leverage effect - when markets become more volatile, the risk of a large sudden decline in equity prices becomes elevated
ESG Ch. 9: Arbitrage-Free Modeling Considerations
• Describe an arbitrage-free model
· A model is arbitrage-free if and only if there exists a change of measure under which the discounted gains process for all traded assets, for any trading strategy, is a martingale
· Requires that all assets in the model have well-defined cash flow structures

• State how to price a security with well-defined cash flows using an arbitrage-free ESG
Pricing of a derivative security:
1) Determine a trading strategy that generates the cash flows of the derivative security
2) Use the known prices of traded securities to infer the arbitrage-free price of the derivative security

• Describe trading strategies, and explain their importance for risk-neutral pricing models
Two types of trading strategies: 
Modeled trading strategies: establish a mechanism of buying and selling securities
Self-financing trading strategies: not require the injection of additional capital during their execution 
Two identical cash flow streams ought to have the same price

• Explain what is done when performing the martingale test
The martingale test is based on the fact that in a risk-neutral framework, there is an explicit relationship between the price of a cash flow stream and its expected discounted future cash flows
The average discounted cash flow should (approximately, up to simulation error) equal the time zero value
ESG Ch. 10: The Role of Risk-Neutral Scenarios
• Explain what is meant by the “1=1” martingale test
The average discounted value should approximately equal 1, but does not need to exactly equal 1 because of sampling error
• State when to use risk-neutral vs real-world scenarios
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• State an example of when both risk-neutral and real-world scenarios may be used together
Combine risk management metrics with pricing
ESG Ch. 11: Default-Free Interest Rate Models
• State advantages/disadvantages of using the shift method to model negative interest rate in an ESG
– Advantage: Easy to apply
– Disadvantage: May not have a left tail that is consistent with history (or the calibration view)

• Explain why negative interest rates do not imply arbitrage
– All tradable assets must be specified at the outset of model development
– A “cash in the mattress” asset is not allowed because it is not defined in the model; all risk-free investments must earn the risk-free rate

• Describe a Brownian Motion Process
– The process is continuous
– The increments of the process are independent
– Wt - Ws is normally distributed with mean 0 and variance │t - s│
• Understand that the market price of risk is a tool that allows us to convert between real-world and risk-neutral measures
– dWt is the Brownian increment under the real-world measure
– dẄt is the Brownian increment under the risk-neutral measure (the “equivalent martingale measure”)
– We can convert between the two measures using the equation dWt = dẄt- λdt

• State the short rate stochastic differential equations (SDEs) for the Vasicek and Cox-Ingersoll-Ross (CIR) models
• Explain how to simulate short rates and bond price paths using the Vasicek and CIR models
LAM-139: Simulation of a GMAB
• Describe the cash flows of a GMAB to the policyholder and insurer
• Explain how an insurer can use a put option to hedge writing a GMAB
• Identify the appropriate parameters (term, strike, notional) for a put option as a hedge asset for a GMAB
• Spend some time with the spreadsheet, and be prepared for the SOA to give you sample tables of input/outputs. You should be able to explain intuitively/verbally how outputs should change given a change in input
· For example, you should be able to describe how the GMAB cash flow changes based on the fund return
• Describe the real-world distribution of the present value of cash flows to the insurer for selling the GMAB
LAM-148: Selecting and Specifying ESGs
• State Jensen’s inequality mathematically, and describe its importance for actuarial applications
A function f is convex on an interval if for every x and y in that interval
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Jensen’s inequality means that the expected value of a liability is larger than the liability evaluated over the expected scenario. Evaluating at a single scenario representing the average market condition will underestimate the reserves.
Gives insight into why non-linear instruments such as options have inherent value
This explains why stochastic projections are necessary

• Compare RW vs RN ESGs


• State common ESG evaluation metrics
Time-Scale; Volatility Characteristics; Drift Characteristics; Dependence Structure; Arbitrage

• Explain how common ESG metrics can be misleading
· One should not overly rely on simplistic metrics to tell you whether an ESG calibration is good or not
· Common metrics can reveal information about a risk, but may not capture all risk tradeoffs
· It is difficult or even impossible to understand the full dynamics of how an ESG behaves by only looking at the output from a single scenario

• Describe why you should be wary of large alpha values in ESGs
· The source of this alpha needs to be understood, as it may be due to more than just diversification
· The algorithm that shifts the portfolio make-up of the structured index may be “tuned” to the ESG
· Whenever your ESG identifies a strong value or a strong cost reduction, that’s when you want to be cautious and really test whether or not there is an assumption built into your ESG, intentionally or unintentionally, that is being exploited
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