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The Newsvendor Model

· Goal is to determine the optimal level of production/supply

· Let X equal supply and Y equal demand (random variable)

· Unit overage cost (co) is the amount that you would have been better off had you produced one less unit

· Unit underage cost (ca) is the amount that you would have been better off had you produced one more unit

· Optimal Solution:  Choose production level such that the probability that demand (Y) exceeds supply (X*) equals the critical ratio pc= co/(co+cu) or P(Y> X*)= co/(co+cu)

· Once you determine the critical ratio, you can find the corresponding z value based on tables and compute the probability of stockout (z value will give you the number of standard deviations above or below the mean value (Y))

Optimal Expected Profit in the Newsvendor Model

· Optimal Inventory level, X*, is the one that makes the stockout probability equal to pc
· Optimal Expected Profit=  expected profit when the optimal inventory level is chosen

· Basic assumptions for determining Optimal Expected Profit

· Demand is normally distributed

· Z is the number of standard deviations that corresponds to the critical ratio (as per prior section)

· Deterministic ideal profit= profit that could be realized if demand were known to be an exact amount

· Optimal Expected Profit=  Deterministic Expected Profit- Optimal Buffer Cost (OBC)

· OBC equals the sum of expected overage cost and expected underage cost if the optimal inventory level (X*) is chosen
· Basically the OBC is the reduction in profitability due to the uncertainty in demand
· OBC is the product of the unit overage cost, Optimal Buffer Cost Factor (OBCF) and the standard deviation of demand

· OBCF is determined from tables based on the critical ratio

LL Bean(Case)

· Case deals with the challenge of equating supply with demand

· Unlike department stores, catalog retailers know when a customer request or desire goes unfulfilled 

· Demand is relatively easy to forecast on an aggregate basis

· Customer behavior is difficult to predict- this leads to forecast errors at the item level with the demand for runaway products outstripping supply

· Conversely, for every runaway there’s a “dog” product that the company couldn’t give away 

· Annual costs of stockouts (lost sales and backorders) estimated to be $11 million;  Costs related to having too much inventory estimated to be $10 million

History

· Founded in 1912 to sell a hunting shoe through mail-order catalogs

· Catalog sales in 1990 were $528 million with an additional sales of $71 million from a retail store located at the company’s headquarters in Freeport, Maine

· Twenty-two different catalogs and 114 million total catalogs in all were mailed in 1990 

· 6 million active customers in 1990

· 80% of orders came by telephone (1990)

· Competitors included Eddie Bauer, Talbots, Land’s End and Orvis

· LL Bean ranked by Consumer Reports as having the highest level of customer satisfaction among “mail-order” companies

· Chose not to expand retail store presence due to belief that in-store retailing required different management skills versus the mail-order business

· See Exhibit 1 of case for product line classification

· In addition to hierarchical classification, items were classified into seasonal categories (spring, fall and all year)

· Two additional categories, “New” and “Never Out” described whether an item was a recent or permanent member of the company’s offerings

· This classification enabled the company to determine the level of historical demand data available for a particular item 

· Major catalogs were seasonal in nature and came out in several versions

· Full catalog to existing customers

· Prospect catalog to potential customers (subset of items from full catalog)

· Best customers received all of the catalogs, others received catalogs based on their past purchasing behavior (ie. Specialty catalog based on interests) 

Item Forecasting

· Catalogs had gestation periods of nine months (i.e. Fall catalog started in December of prior year)

· Product forecasts for fall season started in December of prior year

· Initial indications to vendors for orders occurred in January and February

· As catalog goes through refinements, forecasts are adjusted until being finalized in May (Frozen forecast)

· In July, responsibility for meeting product demand shifted to inventory managers

· Customers received fall catalogs in August

· Inventory mangers scheduled replenishments, handled backorders as orders come in

· Catalog effective until January of following year at which time excess inventory was liquidated, marked down or carried over to the next year

· Forecasting process includes a great deal of human intuition and judgment

· Sum of item level forecasts usually differed from the target dollar sales amount for a given catalog

· The roll-up of item forecasts usually came in on the high-side

· Sometimes slashed forecasts for individual items, otherwise, would slash forecasts by X% across the board

Production Commitments

· Production lead times for most domestic orders were 8 to 12 weeks

· Could place second orders to meet higher than expected levels of demand with a few vendors

· Commitments were not equal in size to forecasts;  Determined in two steps:

· First:  historical forecast errors (ratio of actual demand to forecast demand) were computed for each item and a frequency distribution was determined

· Frequency distribution of past errors was used as probability distribution of future forecast errors

· For example, if 50% of forecast errors were between 0.7 and 1.6, and the forecast for the current period were 1000, then it was assumed that actual demand would be between 700 and 1,600 with probability of 0.50

· Second:  Commitment quantity determined based on an individual item’s unit contribution if demanded and liquidation cost if not demanded 

· Gain from selling marginal unit equals sales price minus cost per unit (unit underage cost)

· Liquidation cost equals cost per item less liquidation value (unit overage cost)

· Using these values, you can compute the critical ratio and hence, the optimal level of inventory

· Concerns about this methodology:

· Using average forecast errors for any given item, ie. not taking into account differences in the dispersion of demand for individual items

· Accurate estimation of contribution margin and liquidation values

· Implications:

· When cost of understocking exceeds cost of overstocking, end up committing to more than the frozen forecast

· For new items, for which there is little historical information (more uncertainty), the excess over frozen forecast is greater than the “Never Outs”  

