The Business of Oil & Gas:  Investing
The business of exploring for and producing oil and gas is significantly different from practically every other business in the way that oil companies have to put up so much money for such extended periods of time at the front end of their investments, before they really know how those investments will perform and before they start getting any​thing back.  Take the development of Prudhoe Bay for example.  The state’s first lease sale at Prudhoe Bay was in 1965,* when industry paid $4 mill​ion for leases that turned out to be in the field.  More acreage was leased in 1967 and 1969, and by the end of 1969 industry had paid $375 million in bonus bids for leases in the field, not to mention over $500 mill​ion in bids in the 1969 lease sale for acreage that turned out to be outside the field.  Liti​ga​tion over Native claims and the feder​al right-of-way for TAPS derailed the start of con​struction for the pipeline, and it took two acts of Congress to get it back on track — the Alaska Native Claims Settlement Act in 1971 and the Trans-Alaska Pipeline Authori​za​tion Act in 1973.  By the end of 1973 the Prudhoe owners had spent some $300 mill​ion on pipe for TAPS and facilities at Prudhoe Bay, but still construction couldn’t begin be​cause the state and federal rights-of-way for TAPS hadn’t been issued, and wouldn’t be until the first part of 1974.  Construction was first focused on the Haul Road (now the Dalton Highway), which was officially completed in only five months on Septem​ber 28, 1974 although portions of it still needed to be brought up to grade.  The first pipe was laid at the Tonsina River on March 27, 1975.  By the start of 1977 cumulative industry expendi​tures to build and develop Prudhoe Bay and TAPS ex​ceeded $9 billion — and still with not a dime to show for it.  Produc​tion did not start until June 20, 1977 and the first oil did not reach the market until August that year.  Only then did this enormous investment finally begin to pay any money back to the own​ers.

The only industry with a similar pattern — large amounts of cash first flow​ing out of the business into an investment and then flowing back into the business if the investment proves successful — is Hollywood.  The movie studios, too, have to com​mit and spend tens and sometimes even hun​dreds of millions of dollars making a movie before they find out whether or not it will actually succeed at the box office and they get any money back.

To remain in business for any length of time, oil companies (and movie studios) must master two crucial disciplines:  correctly analyzing the economic value of their invest​ment options, and rationally managing the risks associ​ated with those options.  The fol​lowing describes on a representative basis the general ap​proach​es for doing these things, but must not be seen as setting out the actual techniques and analysis of any par​tic​ular oil company or movie studio in its own real-world business dealings.

Economic analysis using the time-value of money.  Remember the hamburger-loving char​acter Wimpy in the old Popeye cartoons?  He was always saying, “I’ll gladly pay you Tuesday for a hamburger today.”  Assuming he wasn’t simply trying to con his friends into buying him hamburgers that he had no intention of paying for, Wimpy seems to have been a fairly shrewd businessman.  His offer suggests an understanding of a fundamental economic principle that is particularly important in the oil and gas business — namely, that a dollar (or a dollar’s worth of hamburger) today is indeed more valuable than a dollar next Tues​day.  This principle is called the time-value of money.

It’s easy to show that the concept of a time-value for money is sound.  Suppose you can earn daily interest at an annual percentage rate of 7.3 percent — this works out to a daily interest rate of 7.3%/365, or 0.02% a day.  If today is Thursday and you buy Wimpy a $5 ham​burger meal, you are giving up the opportunity to put that $5 into the bank and earn 0.02% a day for the five days until next Tuesday.  How much is that interest?  It’s $5 ( 0.02% a day ( 5 days, or $0.005 — half a cent.  In terms of absolute size, half a cent isn’t worth worrying about, which is probably why Wimpy’s friends bought him hambur​gers.

But your cost for investing $5 in Wimpy’s hamburger in exchange for his promise to pay you $5 five days from now is insignificant mostly because hamburgers don’t cost a lot of money.  If you were talking about giving up five days of interest on $500 million instead of $5, you’d be out half a million dollars.  That’s real money, no matter who you are.

For oil companies, the investments in exploration and production involve a lot of money, so the effects of the time-value of money are large.  In addition, often oil companies have to invest substantial sums of money and wait for years before they see any return on their investment.  This compounds the effects of the time-value of money — not only is a lot of money involved, but it’s a long time before there’s any pay out (unlike the five days with Wimpy).

We can use the example of Wimpy to develop the tools that you would need in order to account for the effects of the time-value of money accurately.  We start by first asking how much Wimpy would have to pay you back on Tuesday in order to make up for your lost interest if you give him $5 on Thursday.  Obviously, that would have to be the $5 plus the interest that you stand to lose, which is half a cent.  So if he pays you back $5.005 on Tuesday, then you’d lose nothing by giving him $5 the preceding Thursday.

Now we can turn this question around and ask, if Wimpy promises to pay you $5 on Tues​​day, how much would you give him now on Thursday, taking into account the inter​est that you could be earning between now and Tuesday?  We can answer this by starting with the answer to the previous question.  To make up for the interest, Wimpy has to pay you $5.005 on Tuesday for $5 on Thursday — in other words, his repayment has to be 1.001 times what you give him ($5.005/$5.000 = 1.001) to account for the interest (time-value of money).  So if he is going to pay you $5 on Tuesday, then what you would give him on Thursday is $5/1.001, or $4.995005.  Five days’ of interest on this is $4.995005 ( 0.02% a day ( 5 days, or $0.004995.  Add that to the $4.995005 and you get —


$4.995005
(what you give Wimpy on Thursday)


0.004995
(interest you could have earned from Thursday to Tuesday)


$5.000000
(what Wimpy repays you the next Tuesday).

In economic terms, we would answer the question at the beginning of this paragraph by saying that the present value of $5 five days from now, with simple interest at 7.3% APR, is $4.995005.

The key tool to be found in this last example is the method for converting a dollar amount at some time in the future into its corresponding present value today for a given interest rate.  In the example, we found the present value of $5 five days from now by dividing it by a factor (i.e., 1.001) that was equal to 1 plus the interest rate times time.  To put this in mathemati​cal terms, if we let r represent the interest rate and t represent the time, then the present value of $X in t days from now at a daily interest rate of r is $X/(1 + rt).*  This is the dis​count formula for simple interest.

For periods longer than a few days, simple interest increasingly ceases to reflect your econ​omic reality.  This is because, over longer periods, you can collect some of the in​ter​est that you have earned and invest it.†  Your invested interest will itself earn inter​est, in addition to the interest that your principal continues to earn.  Later on you will again col​lect interest, and this time it will not only be the fur​ther interest earned on your princi​pal, but also the interest that is earned on your invested interest.  As before, this com​bined in​terest can itself be in​vest​ed to earn interest, which will be in addition to the in​ter​est that you continue to earn on your principal and on your first investment of in​ter​est.  This pro​cess, which can be repeated any number of times, is called com​pound​ing.

Although it sounds complicated to describe in words, the compounding of interest is not very hard to express in mathematical terms.  Let’s use the symbol r to represent the rate of interest you earn during each compounding period; in other words, if you’re going to invest in 6-month certifi​cates of deposit and roll the principal and interest over into a new 6- month CD each time the old CD matures, your compounding period will be 6 months, and if your annual per​centage rate is 7%, the value of r for you would be 3.5% per six-month period.  Also let’s have n represent the number of compounding periods during which you are earning and reinvesting the interest — in the case the CDs you’re rolling over, n would be the number of CDs you buy consecutively, including the first one.  Then for each dollar of principal that you initially invest, the amount of principal plus com​pound interest you will have at the end of the last com​pound​ing period is $(1+r)n.‡  Con​versely, this also means that, with compound interest, if you want to find the present value for $X existing at some time in the future, you divide $X by (1+r)n.* 

This last formula — $X/(1+r)n — opens the door to a powerful analytic tool called dis​counted-cash-flow analysis.  If you know what an investment is going to cost and approx​imately when you will have to make the payments for covering that cost, and if you can reasonably forecast what your net cash flow (i.e., cash coming in, minus cash going out) is going to be year by year from your investment over most or all of its life, you can use discounted-cash-flow analysis to compare this invest​ment to any other investment oppor​tunity you might have, to see which one is better for you to make.  Or you could use it to see whether it would be better to put your money in the bank instead.

Basically, discounted-cash-flow analysis begins with projections of your net cash flows for an investment year by year, starting with the first outlays you make for that invest​ment and end​ing with the net revenue you get from it in its last year of operation.  Then you discount the net cash flow for each year to its present value, using the formula $X/(1+r)n with $X being each year’s net cash flow.†  The interest rate‡ r that you use in discounting the cash flows to their present values can either be the rate you’d get by put​ting your money in the bank or into U.S. Treasury bonds, or it could be some mini​mum target rate that you want your busi​ness investments to achieve, or it could simply reflect your gut instinct about what this invest​ment ought to earn.  Whatever basis you use to choose the value for r, once you’ve calcu​lated the discounted present values of all the yearly cash flows using that discount rate, you add them all up.  If the total is greater than zero, it means the invest​ment is pro​jected to generate a rate of return great​er than r.  If the sum is less than zero, the invest​ment’s project​ed rate of return based is less than r.  If the sum is zero, the pro​jected return equals r ex​actly.

Unless you are already familiar with these concepts, by now you may well be thinking to your​self something like, “That’s all a lot of interest​ing words — well, sort of interesting, maybe — but it’s still rather hard to follow exactly.  Really, what does it all mean?  What good is it?”  It may be easiest to answer these questions with a simple example.

Suppose you have two investment opportunities with the same degree of risk.  Each one will cost you $1 million up front in a lump sum, and each will only last 10 years.  Oppor​tunity A will pay you $300,000 a year for all 10 years, or $3 million total for a net gain of $2 million.  Opportunity B will pay nothing the first six years and $950,000 a year for the last four, or $3.8 million total for a net gain of $2.8 million.  Which is better for you?

This question is actually not very easy to answer.  On the one hand, for example, you re​cover your investment fully in the fourth year from investment A, but not until the eighth year from B.  But on the other hand, over the 10 year period, your cumulative gain is 40% greater from B than from A; that is, $2,800,000/$2,000,000 = 1.4, or 140% of the total returned from A.  However, if you use discounted-cash-flow analysis, the effects of the time-value of money become clear for these investments, and you can see directly which one is bet​ter for you.  Sup​pose you could put your money into a corporate-bond mutual fund and get 8%, so you choose 8% as your discount rate.  Here’s your analysis:



Opportunity A
Opportunity B

Year
Cash Flow
Present Value 
Cash Flow
Present Value

0
(1,000,000)
(1,000,000) 
(1,000,000)
(1,000,000)


1
300,000
288,675
0
0


2
300,000
267,292
0
0


3
300,000
247,492
0
0


4
300,000
229,160
0
0


5
300,000
212,185
0
0


6
300,000
196,467
0
0


7
300,000
181,914
950,000
576,062


8
300,000
168,439
950,000
533,391


9
300,000
155,962
950,000
493,880


10
300,000
144,409
950,000
457,297

TOTAL

1,091,995

1,060,630

Since the total present value of the cash flows from opportunity A is greater than B’s, you would choose A over B as your investment.  This demonstrates the analytical pow​er of dis​counted-cash-flow analysis to help choose between investment opportunities.

Another point this example can demonstrate is the dif​fer​ence between one potential in​ves​​tor and another in terms of how they view the same opportunities.  For example, you chose an 8% discount rate and found opportunity A to offer the greater total present value for you.  But suppose I’m a little more willing to take risk than you, and as a result I’d be willing to accept slightly less reward for taking the risk in these invest​ments — say 7.5% instead of 8 percent.  Here’s what my evaluation of these two opportunities would be:



Opportunity A
Opportunity B

Year
Cash Flow
Pres. Val. @ 7.5% 
Cash Flow
Pres. Val. @ 7.5%

0
(1,000,000)
(1,000,000) 
(1,000,000)
(1,000,000)


1
300,000
289,346
0
0


2
300,000
269,159
0
0


3
300,000
250,380
0
0


4
300,000
232,912
0
0


5
300,000
216,662
0
0


6
300,000
201,546
0
0


7
300,000
187,485
950,000
593,702


8
300,000
174,405
950,000
552,281


9
300,000
162,237
950,000
513,750


10
300,000
150,918
950,000
447,907

TOTAL

1,135,050

1,137,640

As you can see, for me opportunity B has the greater present value so I’d opt for it.  This reversal between your choice and mine happens entirely as a result of my discount rate be​ing just half a percentage point less than yours.

Another thing worth noting is how much more valuable both opportunities seem for me than they do for you.  To me A seems to be $43,055 more valuable than it does to you, while B is $77,010 more valuable for me.  These differences are again due to the different dis​count rates you and I are using.  The point to remember is that even small differences in the discount rate can significantly alter your priorities in investing and will make the same investment look more attractive, or less so, from one investor to the next.

Note also that the difference between you and me becomes greater when the positive cash flows from an investment are more deferred.  In other words, the difference between your value and mine is greater for B than for A because the profits from B don’t start until year 7, while A’s start in year 1.  This allows more time for the difference between your dis​count rate and mine to compound before we start seeing positive income from opportuni​ty B.  This last point is important because, as we noted at the outset, many of the most im​por​tant investment decisions in oil and gas exploration and development involve making large commitments a long time in advance of when those investments begin to pay back.

One more thing that’s important to notice is that, with my discount rate of 7.5%, the pres​ent value of the two projects are almost the same with B’s being just a tad larger.  In fact, with a discount rate of 7.537225%, they would have the same present value.*  No​tice that the positive cash flows from B have to be much larger than those from A in order for B to catch up to A, solely because of A’s head start in paying back a return.  Because of the time-value of money and the length of time that B’s posi​tive cash flows are de​ferred, they have to be more than three times larger than A’s positive cash flows, and nearly as large each year as the original in​vestment.  This means that, if you look at B once it becomes profitable and has positive cash flows, they may seem at first glance to be excessive — after all, getting 95% of your total in​vest​​ment back each year certainly sounds excessive.  But when you are getting 95% of your invest​ment back each of the last four years from B, it is the equiva​lent of your getting only 30% of your investment back each year from A.  The latter may still sound rather handsome, but cer​tainly not as objectionable as 95 per​cent.  Yet the two invest​ments have precise​ly the same present values at the 7.537225% discount rate.

The point is, when you make investments that have long lead times before they start to pay you back, the amount you’re paid back each year must be much larger in order to make those investments equal economically to other investments that start pay​ing you back much sooner.  It’s both meaningless and mistaken to compare an annual payback of $950,​000 to a $300,000 payback without taking into account the difference in lead time be​tween the first investment and the second.  With an 8% dis​count rate, as the first exam​ple above shows, the investment offering only a $300,000 payback is actually the better one, but you’d never know it by simplistically comparing the respective paybacks of A and B in Year 8.

So in order to succeed and stay in business exploring for and producing oil and gas, you have to recognize that your long lead times will require you to receive larger than normal amounts of money relative to the size of your investment once your payback begins, just to hold your own against the performance of a grocery store or car manufacturer who sees cash returns coming back in from its investments very quickly.  Discounted-cash-flow analysis not only enables you to figure out what you need to get when your payback begins, but also justifies why that payback amount needs to be the size that it is.

Dealing with risk.  Besides having in common the same unique pattern of investing huge sums of money for considerable periods of time in a project before getting anything back from it, the oil industry and Hollywood also share the trait of being high-risk busi​nesses.  In neither one can you know whether you have a hit or a dud until you’ve already sunk a ton of money into the project.  For each success like Prudhoe Bay or Star Wars, you can equally well talk about disasters like Mukluk and Water World or any number of other, less spectacular failures and disappointments in both industries.*
The mathematical basis for evaluating opportunities with various assessed risks or proba​bilities is well understood and dates back to the theory of probabilities set out in several letters written by the great  French mathe​ma​tician Blaise Pascal to another great French mathematician, Pierre de Fermat, in 1654.

Basically what you do to evaluate an opportunity with several possible outcomes is this:  you determine the value to you of each possible outcome (which can be positive or nega​tive), multiply it by the odds of that outcome happening, and then add up the results.  If that total is greater than zero, the game is worth playing; if it’s less than zero, don’t play.

For example, suppose there is a game where roll a pair of dice, and if you roll a seven, you win $2; if you roll an 11, you win $6, and if you roll anything else, you pay a dollar.  To evaluate this opportunity, you first figure out the odds for each possibility.  There are six possible numbers you can roll with the first die, and for each number that comes up, there six possible numbers that can come up on the second die.  So there are 6 ( 6, or 36 possible combinations altogether that you can roll with two dice.  There are six combina​tions for rolling a seven:  6-1, 5-2, 4-3, 3-4, 2-5 and 1-6; so your odds of rolling a seven are 6 out of 36, or 1/6.  There are only two combi​nations for rolling an 11:  5-6 and 6-5; so your odds of an 11 are 2/36, or 1/18.  This leaves 36 – (6+2), or 28 combinations of the dice where you’ll lose:  28/36 = 7/9.  Now that you know the odds of each outcome, it’s simple to value the game.  For rolling a seven, the value is $2 ( 1/6, or $1/3 .  For rolling an 11, the value is $6 ( 1/18, or $1/3.  For rolling any​thing else, the value is –$1 ( 7/9, or –$7/9.  So the value of the game is $1/3 + $1/3 – $7/9, or $3/9 + $3/9 – $7/9  =  –$1/9  =   –$0.111… .  You shouldn’t play this game.

One of the most powerful analytical features of this approach is that it can easily handle opportunities involving a series of decision-points with a separate set of outcomes and probabilities for each such point.  For such opportunities it is often helpful to use a dia​gram linking the decision-points to one another and showing the possible outcomes at each one.  Here’s an example of such a diagram for a game with three decision-points (A, B and C), followed by the evaluation of the opportunity it represents:





You would start the evaluation with the decision-points that are farthest along the chain, and in this case those are points B and C.  Point B only presents losing options:  a 75% chance of a –$10,000 outcome and a 25% of –$100,000, so value of the outcomes at B is (–$10,000(75%) + (–$100,000(25%)  =   –$7,500 – $25,000  =  –$32,500.  The value of the outcomes at point C is (–$10,000(60%) + ($100,000(25%) + (5,000,000(15%)  = 
–$6,000 + $25,000 + $750,000  =  $769,000.  The value of the outcomes at A equals the values of the outcomes at B and C, times the respective odds of getting to B and C.  In other words, it equals (–$32,500(90%) + ($769,000(10%)  =  –$29,250 + $76,900  =  $47,650.  Since the value of the entire opportunity at point A is greater than zero, you should play this game.

But would you really play it?  That depends on how many times you can play.  There’s a 90% chance you’ll end up going from point A to point B, and at B you’re going to lose at least $10,000 and perhaps $100,000.  Even if you are lucky enough to go from A to C, there’s still a 60% chance that you’ll lose $10,000.  So your total chance of losing at least $10,000 is 96% each time you play.  The positive value of the overall game comes from only two positive outcomes:  $100,000 with a probability of 25% of 10%, or 2.5%, and the $5 million jackpot with only a 1.5% chance.  To play this game, you need to start in a position where you can afford to play it enough times so that your actual results will start having a high probability of matching the statis​tical value of the game.  

For example, if you have $100,000 you shouldn’t play.  Each time you play, the chance of losing $10,000 is (90%(75%) + (10%(60%)  =  67.5% + 6%, or 73.5 percent.  Your chances of getting wiped out by losing $10,000 in each of the first 10 times you play are 0.73510, or 4.6 percent.  But in addition, there is the “lose $100,000” out​come from point B, and if you hit it in the first 10 rounds without having had a win, you’ll also be wiped out.  The odds of this happening are 81.0 per​cent.*   So you face total odds of 85.6% that you’ll be wiped out in the first 10 rounds, either because you hit “lose $100,​000” or be​cause you lose $10,000 each round and run out of money in the tenth one.  Worse, you have a 58.5% chance of hitting “lose $100,000” in Round 2 or later after you’ve already lost at least $10,000 in the earlier rounds, which means not only that your $100,000 is wiped out, but you’re actually in the hole owing $10,000 to $90,000 de​pending on which round you hit “lose $100,000” in.  So you really shouldn’t play this game if you have only $100,000 to lose.

Now if, on the other hand, you start with $10 million, then this is the game for you.  Sup​pose you consider 10 tries at this game to be a “set” in the same sense that a tennis set has at least six games.  In our game there is a 4.6% chance of losing $100,000 by hit​ting ten $10,​000 losses in a row, so the expected value of this risk is –$4,600.  In addi​tion, there is the 80.1% of hitting a “lose $100,000” outcome in the first 10 rounds before hitting a win​ning outcome, and the expected value of this is –$99,557.*  Altogether, then, for each 10-round set you play there’s an 85.7% chance of not hitting any winners, and the ex​pect​ed value is –$104,​157 for these losing out​comes.  So with $10 million, you could afford to play 96 sets even if you lose every single one.  Although the odds of losing each set are 85.6% when you look at just that set, the odds of losing 96 sets in a row are 0.85696, or 0.0000329 percent.  In other words, there’s only one chance in more than 3,000,000 that you’ll lose your $10 million in straight sets.†
Clearly, then, you should be able to play this game enough times without being wiped out by the bad outcomes be​fore you get winning outcomes, and particularly the $5,000,000 jackpot.  Each jackpot wipes out a lot of prior losing outcomes.  There is still that tiny chance, of course, that even with $10 million you’d be wiped out, but it gets smaller the more times you play.  By playing enough times to get the statistics on your side instead of against you, you’re likely end up quite pleased with this little game.

The point of this game is not about having to be rich to play it, but rather about the size of the risks in the game relative to what you have.  If you have $10 million instead of $100,​000, we could put you in exactly the same position as someone with only $100,000, just by multiplying the out​​comes of the game by 100 — then you wouldn’t be able to play enough times to get statistics on your side, either.  No matter how much money you have, if we make the stakes in the game large enough relative to what you have, we can change it from a good opportunity for you into a bad one, and that’s the real point of the game.

Accordingly, in managing the risks in your business, you should become increasingly wary about playing a game (or making an investment) the larger it becomes rel​a​tive to the scale of your resources and overall business.  Even though in the real world you can make each investment only once instead of many times, the analogy with a game that you can play many times is sound.  Each investment is indeed unique in its particular details, but still the investments in your portfolio are likely to be similar in terms of their relative degrees of risks and rela​tive sizes of payouts versus losses since your invest​ments will reflect your own management style and preferences for handling risks.  Each invest​ment in your portfolio is analogous to playing a round in a game that has a de​gree of risk and payout-vs.-loss that reflects the average or composite for your portfolio as whole.  In other words, each investment could be similar to the game above, but with differ​ences in the specific details from one investment to the next.  If each invest​ment and, more partic​u​larly, its downside outcomes are small relative to the port​folio as a whole, your position relative to your portfolio will be like that of a person with $10 mill​ion playing the game above a lot of times.  As with her, the perfor​mance of your port​folio’s investments over​all will be successful for you.

But when an opportunity comes along that is similar to the rest of your portfolio except for being quite large relative to the portfolio as a whole, taking that opportunity may be like play​ing the game above with only $100,000, instead of being the safer position you have rela​tive to the rest of the investments in your portfolio.  In other words, if your in​vestment strategy accepts new oppor​tunities that are too large relative to the size of your portfolio, you run the risk of los​ing every​thing be​cause you will not be able to withstand the expected adverse out​comes from that strategy as they materialize even though, statis​ti​cally, these larger investments should end up put​ting you ahead in the long run the same as the similar, but smaller investments already in your portfolio are do​ing.

When faced with a larger opportunity than what you normally take, you have three basic choices for dealing with it.  One is simply not to take it.  This is best if you have plenty of other, more appropriately sized opportunities available.

A second choice is to find one or more partners to participate in the opportunity with you so that your share of it is back in line with the size of the rest of your investments.  This is gener​al​ly the best strategy to take if the opportunity is similar to those already in your port​folio in terms of the ratio of the rewards to the risks, and the opportunity is simply larger than you’d like it to be.  Of course there are practical limits to this — if, for exam​ple, you need to take in 50 part​ners before all of them become comfortable with the size of their respec​tive shares, you might find it too cumbersome and difficult to put such a partnership to​gether and try to run it.

Your third choice is to take the opportunity but only if it can be modified to give you a ratio of reward to risk that is superior to that for your other investments.  In other words, because the oppor​tu​nity’s size in itself is increasing your risk if you take it, then the re​ward it offers you must at least compen​sate you for assuming that extra risk.  In the case of large, publicly prominent projects such as a new baseball stadium in Minneapolis, in​sist​ing on this addi​tional reward to compensate you for taking on the extra risk of this other​wise too-large proj​ect is likely expose you to criti​cism in the press and among poli​tical leaders for being “greedy” or “opportunistic” or other harsh words.  And while it would in fact be true that the return on your investment in the stadium will be higher than the return on your other investments, it would also be true that the higher return is justi​fied because of the extra risk for you that is caused simply by the stadium invest​ment’s size.

In summary, the mathematical principles for managing risk in any business — including the oil and gas business —enable you to evaluate opportunities with any number of out​comes and decision-points.  In conjunction with this, discounted-cash-flow analysis can be used to determine the real value of each outcome, and to reveal differences in value that might otherwise be masked because several outcomes may occur at different times.  At the same time, statistical methods for analyzing and managing the risk in your invest​ments will ensure that the investments you make are appropriate for the size of your busi​ness, or will adequately compensate you for the risks from their size.  With these tools at your disposal, you too can succeed in the petroleum business — let’s go find some oil!
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	* 	One lease straddling the eventual boundary between the Prudhoe Bay Unit and the Kuparuk River Unit was leased in a 1964 lease sale for the Kuparuk area.


	* 	You can confirm that this formula is correct by plugging in the numbers for the Wimpy example.  There $X was $5, the daily interest rate r was 0.02% (or 0.0002 in decimal terms), and the number of days t was five:  $X/(1 + rt)  =  $5/(1 +  0.0002(5)  =  $5/(1 +  0.001)  =  $5/1.001, which exactly what we used to find a $4.995005 present value on Thursday for $5 on the following Tuesday.


	† 	Moreover, simple interest can become unrealistic in a significant way over just a few days if the dol�lar amounts involved are large enough.  As with the half cent of interest on Wimpy’s $5 hamburger, subtle details may not matter when the dollar amounts are small — in other words, we don’t have half-cent coins any more, so Wimpy couldn’t pay you half a cent even if you both wanted him to.  Similarly with getting paid your interest each day.  For small sums, you probably can’t find a bank that will pay you your interest daily so you can invest it.  But with larger sums you can enter things like repurchase agree�ments with banks that effectively pay you your interest day by day, which you can then invest day by day.


	‡ 	The raised n is called an exponent, and it means you multiply (1+r) times itself n times.  For exam�ple, if n is 3, then you would calculate (1+r) ( (1+r) ( (1+r).  If n is not a whole number but a fraction of the form a/b, then you would first multiply (1+r) times itself a times and then you would find a number that equals that result when it is multiplied times itself b times.  If n is a negative number, it means you first cal�culate the result as if n were a positive number, and then divide that result into 1 — in other words, (1+r)-n = 1/(1+r)n.  If n happens to be exactly zero, (1+r)n equals 1.  Today’s personal com�puter software and hand calculators calculate these fractional exponents automatically for the user, but in the past these calcula�tions were done either with a slide rule (with only 3-digit accuracy) or using logarithms (with up to 5 or 6-digit accu�racy).


	* 	You can confirm that this is really the present value of $X.  Suppose you invest $Q today, which just happens to equal $X/(1+r)n.   Then, according to the formula we have just derived above, you’ll have $Q ( (1+r)n after n compounding periods at r interest per period.


	$Q ( (1+r)n	=	[$X/(1+r)n] ( (1+r)n


		=	$X.


Therefore, $X/(1+r)n is indeed the present value of $X because it grows with compound interest to become ex�actly equal to $X after n compounding periods.


	† 	In order to simplify the calculations, you would usually assume that the net cash flow for any given year is all received at the same time, either at mid-year or year-end; for investments with very short lives, you might project the cash flows month by month, and assume each month’s cash flow is received at mid-month or month-end.  Generally, the mid-year (or mid-month) convention is slightly more realistic than year-end (or month-end) unless a project is known to have its cash inflows and outflows concentrated in one end of the year or the other instead of being spread out over the year.  You have to choose a date as “time zero” (i.e., n equals zero for that date), then measure years (or months) from that date, and then pro�ject the net cash flows for each year (or month).  Usually this “time zero” is either the date of your first cash payment for the investment, or the date it is first placed in service.  If you assume that the entire cash flow for a year (or month) is all received mid-period, then you subtract 0.5 from the number of that year (or month) to deter�mine the value of n in the formula for that period — in other words, for the first year (or month) after “time zero,” n is 1 – 0.5; for the second period, n is 2 – 0.5; and so on.  If you assume that the entire cash flow is received at the end of each period, then you would use the number of that period as n in the formula with�out subtracting anything from it.


	‡ 	Because it is being used to discount future cash flows to their present values, a more accurate term than “in�ter�est rate” to describe r would be “discount rate,” and the latter is the term used in the rest of this paper.


	* 	Opportunity A	Opportunity B


	Year	Cash Flow	Pres.Val. @ 7.537225% 	Cash Flow	Pres.Val. @ 7.537225%


	0	(1,000,000)	(1,000,000) 	(1,000,000)	(1,000,000)


	1	300,000	289,296	0	0


	2	300,000	269,019	0	0


	3	300,000	250,164	0	0


	4	300,000	232,630	0	0


	5	300,000	216,325	0	0


	6	300,000	201,163	0	0


	7	300,000	187,063	950,000	592,368


	8	300,000	173,952	950,000	550,849


	9	300,000	161,760	950,000	512,240


	10	300,000	150,422	950,000	476,337


	TOTAL		1,131,794		1,131,794


	* 	Does this mean Steven Spielberg is the reincarnation of John D. Rockefeller?  AOGA isn’t telling.


	* 	The first time you play, the odds of hitting “lose $100,000” are 25% of 90%, or 22.5 percent.  The chances of not going broke and not hitting a win in the first round (in oth�er words, you lose $10,000) are 73.5%, and again in Round 2 you have a 22.5% chance of hitting the “lose $100,000” outcome that wipes you out.  So at the game’s outset your odds of hitting “lose $100,000” in Round 2 and be�ing ruined equal the 73.5% chance of getting to Round 2 without ruin or a win, times the 23.5% chance of being ruined in that round, or 16.5375 percent.  Your odds of making it from Round 2 to Round 3 without ruin or a win are 73.5% of the odds of getting from Round 1 to Round 2 in that condition, or 73.5% ( 73.5% = 54.0225 per�cent.  The odds of going from Round 3 to Round 4 without a win or ruin are 73.5% of your odds of get�ting to Round 3 in that condition, which are 73.5% ( 73.5%, so your odds of getting to Round 4 are 73.5% ( 73.5% ( 73.5%.  And so on from round to round.  In each round the odds of hitting “lose $100,��000” are 22.5%, so your odds of going broke in any given round are 22.5% times the odds of getting into that round without a win or having been ruined already.  Your total chances of hitting “lose $100,000” in the first 10 rounds without first having a win are calculated in this table:


		Odds of Getting to This Round without	Odds of Hitting “Lose	


	Round	Winning or Hitting “Lose $100K”	$100K” This Round	Net Odds


	1	0.7350	100.0000%	22.5%	22.5000%


	2	0.7351	73.5000	22.5	16.5375


	3	0.7352	54.0225	22.5	12.1551


	4	0.7353	39.7065	22.5	8.9340


	5	0.7354	29.1843	22.5	6.5665


	6	0.7355	21.4505	22.5	4.8264


	7	0.7356	15.7661	22.5	3.5474


	8	0.7357	11.5881	22.5	2.6073


	9	0.7358	8.5172	22.5	1.9164


	10	0.7359	6.2602	22.5	1.4085


	TOTAL				80.9990%


	* 	To calculate this figure, you have to start with the “net odds” in the preceding footnote for hitting “lose $100,000” in each round, and then multiply it by the outcome if you hit “lose $100,000” in that round.  The outcome in each round depends on how many rounds you’ve played before, since you will have lost $10,000 in each one of them in order to make it into the current round.


		Net Odds of First Hitting	Outcome of Hitting	Expected


	Round	“Lose $100K” This Round	“Lose $100K” Now	Value


	1	22.5000%	–$100,000 	–$22,500


	2	16.5375	–110,000	–18,191


	3	12.1551	–120,000	–14,586


	4	8.9340	–130,000	–11,614


	5	6.5665	–140,000	–9,193


	6	4.8264	–150,000	–7,240


	7	3.5474	–160,000	–5,676


	8	2.6073	–170,000	–4,432


	9	1.9164	–180,000	–3,449


	10	1.4085	–190,000	–2,676


	TOTAL			–$99,557


	† 	Actually the odds against losing your $10 million are better than this.  In applying our concept of a “set” in the preceding analysis, we have actually assumed the set ends in any round when we have a “lose $100,000” outcome.  But in fact, unless that outcome occurs in the tenth round, there are more rounds we could play to fill out the 10-game set.  Since the game overall has a positive value, this means that play�ing those remaining rounds in each set should add net value to you and perhaps allow you to play a few more than 96 sets.  If so, then the odds of your losing your $10 million are not 0.85696, but 0.85697, 0.85698 or perhaps even 0.85699.  The latter would put the odds at better than 4.8 million-to-one in your favor.
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