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Now when you were in forestry school or ecology school or whatever it was that you went to, what was your least favorite class? A lot of people will say, "I really hated economics. It was terrible." Well, I didn't hate it, in fact, in graduate school for my masters degree and my PhD, I looked at the relationship between economics and silviculture. I felt like that was a good marriage there, that they belong together, and then in the real world, that's an excellent marriage, because a lot of silvicultural treatments are based on their economic benefits. So we're going to talk about very simply a couple of examples in economics. I'll go ahead and start with this first slide. Who said, "It's only money?" Well, for these examples, I know there are other benefits in forest management. There are aesthetic benefits, wildlife benefits, recreation benefits, and forest economists have actually devised methods to try to attach monetary value or worth to those. But for our purposes here, this is a simple exercise, and I'm just going to deal with the timber value, because it's something measurable in the market. You know, what's a nice day in the woods worth to you?  But what's a 12-inch 10-foot-long black cherry venire wood log worth to you? We could probably figure that would a lot quicker than we could define what a nice day in the woods is worth. So we'll just stick with the monetary values of wood for this exercise. Now I also thought it would be important to-since we're going to talk about economics, what's the definition of economics? A lot of times when we don't agree on something, it's because we're not talking about apples and apples and oranges and oranges. We're mixing that and we're both right and we're both wrong because we're misinterpreting what the other one is saying. The definition I brought economics is the "efficient allocation of scarce resources." Five words: Efficient allocation of scarce resources. There's a lot of action in those 5 words. What do I mean by efficient? It means it's better than something else. If there's 2 or 3 ways to do it, the efficient way is the one that is most cost effective. You get the most benefit per unit of cost, okay? Allocation. It means you're putting it somewhere. You've got more than one choice. Do we put our money into vine control, or do we put our money into crop tree management, or do we put it into the preparatory treatments that David talked about. You know, pre-shelterwood, shelterwood treatments, even commercial pre-shelterwood treatments that cost money to develop advanced reproduction. Or do we allocate the money to the control of an invasive plant? I mean, we don't have an unlimited budget. And that brings us to the next word, scarce. It means we don't have money to do everything. We have to make a choice. If you have 20 stands that you're considering doing crop tree management, and you do the math, you say, "Well, I can only treat 5 of them. That's all the money I have." Which 5 would you treat? The ones that are most efficient-the ones that return the most money. And then resources. It's not just your money, but it's your crew, your staff, your year, your day, your 40-hour week. Where do you put your time and you effort? Do that's the definition of economics. And we all do that every day of our lives. Consumers do that all day long, and managers do it all day long. You may not even be realizing it. Why does somebody pay $10,000 more for a car when it's not any better, it doesn't get any more gas mileage than their neighbor? It's essentially the same mode of transportation, but why does someone pay $10,000 more for that car when they could have had this other one? Well that's the intangible. We don't know why. They like the shape of it. That's the taste and preferences that are really hard to get a handle on. That's why for these exercises, I want to stick with the money part of this, because it's a measurable, tangible-something we can measure for our example. Okay, so that gets us started in what economics is. We all have to make choice. We all have to decide which college to send our kids to, and we can't send them to the most expensive, and we try to get them the best education for the money that we have. That's another example. So when we're doing our silvicultural treatments, timing has a lot to do with their effectiveness. So when do economic issues come up? When are we making a choice? Well, in this case, we could be if we're considering preparing for reproduction. Now just divorce the idea of crop tree management for a moment. Just think about when we think about economics in forest management. About 8-10 years before a harvest, we can consider a shelterwood treatment to provide more sunlight to a cohort of seedlings that we have, so they'll grow to be bigger so that we could then after 5-7 years run a prescribed fire through there and control their competitors and cause oak to sprout so that when we go to harvest, we'll have a source of competitive oak seeds. So in other words, the choice of whether or not to initiate this practice is really 8-10 years before the harvest. You can evaluate the stand and see if it needs any investment. Are there interfering plants to control? Okay, another time you can consider doing something that's economical is 10 years after the harvest, or what I like to say more generally, a canopy closure. Once you have a new stand to work with, you could control vines, you could release crop trees. It's another point along the continuum where economic decision presents itself. And the other point is merchantable products. At the time of he harvest, you may also have to do site prep. Some sites need site prep in concert with the harvest. Other sites don't need that. So the point is, we're always questioning, should we invest in these treatments. And again as I said on Tuesday, it's not never, and it's not always. That's why as managers, we have to be alert to those opportunities. We don't want to waste our resources, we want to allocate our scarce resources efficiently. This merchantable product. This could also be the first commercial thinning. People like to say, "Well, when can we do the first commercial thinning?" That depends when the products are merchantable for the first time. It might be at age 40, it might be at age 50. It might be some kind of a thinning where a market pops up and it's not anywhere in your management plan. But suddenly, you now have the opportunity to conduct a commercial thinning or harvest that wasn't available at the time you made the plan. That's another time an economic decision enters your world. So timing is important. Now let's talk a little bit about grape vine risk. This is one of the examples, and I've put it in your 3-ring binder. You don't have to read through it now. We'll go through it step by step. But the point is here, if you do have a stand that's infested with vines, and I've talked about this a little bit yesterday, the way they kill the tree or damage the tree is to get tangled in the crown, ice and snow keeps the tree at risk for many years, and maybe you don't get ice and snow this year, maybe not next year, but sooner or later, that risk keeps-you know, if something has a possibility of happening, the longer you wait, the greater the chance that it will happen. So that's a reason why you want to get the vines out of the tree. And I have an example-and also, I want to refresh your memory on this paper I gave you Tuesday. It's Forest Management Guidelines for Controlling Wild Grape Vines. It's by Clay Smith; it's a very good paper. One of the things that Clay talks about in here is the fact that wild grape are very shade intolerant. Very shade intolerant. They'll climb up with the trees as the trees grow to keep their foliage up in the sunlight. If you were to come along at a point after the canopy of the new stand has closed and cut off those vines, those vines would tend to resprout and climb back up the tree. But now they're in the shade of this new canopy and there's not enough sunlight because they're very shade intolerant. And that's essentially their Achilles' heel. If you can cut them within the closed canopy, they'll never climb back up those crop trees. They just don't have the-they can't climb that tall that fast. The other issue is deer like to browse while grape vines sprout. And in those stands, there's very little food in the young stand. Everything is grown up and it doesn't have an understory. And so the food available in a young stand could be the sprouts coming off of those cut vines. Another issue is when to treat vines. If we treat them in the summer, cut them in the summer, they haven't had time to have carbohydrate root reserves so that they can resprout well. So if you cut them in the summer after they've exhausted their root supply to refoliate in the spring, then they're very susceptible to that-they're not able to resprout very well. What happens in the summer? Everything's green. The foliage is everywhere and there's a risk that you could miss some of the vines. So the ones that you cut, they'll definitely die, but the ones that you missed, you didn't cut them at all. They're still there. And with the tangle, the foliage and the sweat and the bugs and the snakes and everything-that's an issue. We've also found it's very effective to cut them in the dormant season because we can see our tracks in the snow. We can see where we're been. If a stand is infested with vines, you can look around and see, "I've been over there, I've gotten those vines, I haven't been over there, I didn't get those vines." And so even though they have a greater ability to sprout, the thoroughness of the crew is more effective for us in the winter when there's snow on the ground. Plus you can wear more clothes, dive into tangles, we use loppers and Swedish brush axes, and in some cases in older stands if the vines are large, even chain saws. So that's all I wanted to saw about the methods there. One of the economic examples I have is based on this grape vine issue. This is one of those-I don't know why nature works this way, but it does. Here's a young stand, a 16-year-old stand, and this is the species composition here: black cherry, northern red oak, hard maple, ash, yellow poplar, and others. And I've given you all this information on your handout. And these are the prices. I think they're 19 or 2005 prices. Their rankings are roughly the same. Red maple may have slipped up to become number 2 in some markets. But the general ranking is correct. 900 a thousand, 450, 350, 185, 165, and so on. Now you tell me this-why is this so? I don't know why this happens. We have 150 at this age, 16 years old, 150 codominant black cherry in our overstory, 11 dominant northern red oaks, 2 hard maples-why is it that the vines, the destructive guy here happens to be in the most valuable tree? Why wouldn't it get over into the other trees? And here's another issue. The vines are also deadly on black cherry. Black cherry, in its crown architecture, it's really susceptible to damage from wild grape vines. It's not a tough tree like a northern red oak or a white old or a sugar maple. It's kind of a wimp that way, and any kind of ice or snow would break the crown of a tree out of a off a black cherry. Plus the black cherry doesn't have the capability of creating a new crown very fast, unlike other species do. So in other words, the most valuable tree is the most susceptible. The way we've done this economic analysis is this is the species composition we have right now. 52% of the overstory is black cherry. And that's economically very good. Roughly 4% northern red oak, about 10% poplar, and about a third-30% of these are others.  That's where we are today. Now some of these have vines in them. This is from plot data, and of these 150, over half of them had vines in their crowns. If we do nothing-we don't treat the vines, not treat it-we're probably going to lose all these trees that have vines in their crowns, and this will be our composition. And if you notice compared to Tuesday, I'm making this very simple. With treatment, without treatment. It's that simple. Your decision as a manager, "Do I do the vine control, or do I not do the vine control?" The way this economic analysis works out, if we don't do the vine control, we're going to lose these trees that have vines, and this will be our composition, not 52% cherry, but only 39% cherry. And not 33% others if this were low value, but a higher percentage of others. And our per acre value when this stand is somewhat mature, is less. If we do the treatment, it's very simple as I've described. We'll go through and cut the vines. We're not doing crop tree management yet. We'll just cut the vines and free out that this will be our composition. And based on this price and the assumption that we have 15,000 feet at maturity, what we end up with is a benefit. We invest $50 an acre, and that's the way this thing goes-the vine control should cost about $50 an acre. But we're going to cost the stand to be a little over $1500 more valuable down the road because we got rid of the vines. This down the road I'm talking about is at the maturity. It's many years down the road. So what's the rate of return on something like that? We put $50 in, and what we gain is the difference between the 2 outcomes. We put $50 in now to control the vines, and we get $1500 more 59 years from now. I computed that, and that's roughly a 6% real rate of return. You add inflation to that-3%, 4%, whatever you want to say over time. That's like a 9-10% market rate of return, annually for 59 years. I don't know too many investments other than real safe stocks that are going to do that. You know, this is a trumped up example. Trumped up-it's a wining example. I could show you example where you shouldn't do vine control. Maybe the vines aren't that bad. Maybe there aren't infested that many trees. Maybe there's only a few vines per acre. This is how you do this analysis. If you had 10 stands that had vines, you'd want to do the ones first that promise this greatest rate of return. The greatest net benefit. And again, you take that same approach. You go out in the stand, and that's where I gave you the inventory that we'd go through. Which trees have the vines in them? If it's the lower valued trees that we're not really concerned about, maybe we could get by with that. But if it's our most valuable trees where all the vines are, that's a good candidate for vine control. The details of the economic computations are in that handout, which we won't spend much time on here. Now the other example I have-any questions on that so far? "Wouldn't it be better to go ahead and do it even with a fewer number of vines in regard to the future stand, because you have remove a lot of overstory, then you're gong to stimulate the vines that are already in your present stand." The question is, wouldn't we go ahead and do it even if we had a few vines? Well, there's probably a threshold below in which you won't need to control the vines. I'll exaggerate to make a point. What if only 10 trees per acre had vines in them? But it's will going to cost you $50. Because when you send a crew out there, they don't do it by the number of vines, they do it by the acre. Some areas are more infested than others, but you work that out in the contract. So my point is, in analyzing and prioritizing which stands to treat, it would be the ones that promise the high rate of value increase; high rate of return. Again, we can't treat all the stands, we have to figure out which ones to do. The landowner who says, "Do I have a vine problem, is that more important, or should I put this covert on the road over here? I only have money to do one job or the other." Well, in some cases, that's a hard decision. In other cases, if the stand is really infested with vines, it won't do any good if he's lost his good trees. Let's move to this. I have one other example, and it's again the crop tree example of whether or not we should or shouldn't release crop trees. So I'm going to review a little bit. It's one of my teaching methods. Somebody told me once, they said, "You repeated the same thing 10 times during the day." That's because it was really important, and I wanted to make sure you got the point, because I've said things 2 or 3 times, and we get to the end and people learn in different ways, and so not everybody got the point. The key here is that when we're managing crop trees, we're not looking for hundreds of trees. We're looking for a finite manageable number of trees. If you were to recall this example, the 50 most valuable trees in the stand occupied half the basal area, 90% of the volume and 93% of the value at age 53. That's probably the first time we could do a commercial job, was at age 50 or something like that in the stand. So the point is, in stands that are younger than this, we really only want to look for maybe a maximum of 60-70 good crop trees, because down the road, that's all there's room for. Same information presented in a pie chart. It's reiterating 12 northern red oaks and 8 black cherry. Just 20 trees made up 56% of the stand value. If we could increase this proportion of the pie, and this proportion of the pie and shrink these other 2 proportions, that causes us to have a higher stand value. So that's why when we go up there, we're trying to shape the composition of the stand if we've got it. Now we've talked about this sometimes. What if your 2 or 3 species are all the same value? In other words, the benefit for improving species composition or species value just isn't in that stand. We could still work on crop trees that have straighter stems and better quality or higher vigor. Or we can push the composition of the stand more toward the diversity that we need. There are other reasons to do this, but for this example, it's mainly the value of the stand. We've also said this: the crop trees that were released develop bigger crowns and root systems, because they use that growing space that we've allocated to them. They have higher vigor for many many years; decades. Because they have bigger crowns, they can photosynthesize more, they have bigger roots systems, they can grab more water and nutrients. Those trees also end up being a higher quality trees because they're vigorous. Anybody who's examined timber or trees know that the higher vigor trees are the ones that are cleaner, straighter, and valuable in the market. So that's another reason why they might do this. The other thing we've said is that it's too late. Once we get to this first commercial thinning, the chance to manipulate species composition or favor high value species is long done. They need to approach that when the stand is young and you still have lots of choices. These factors: species, size, quality, and product market-I went over a paper that we're just finishing last night. I got some reviewer comments, and one reviewer-that's why I brought that up this morning-the release crop trees are going to have higher vigor. The higher vigor trees are going to have higher quality. There was instead of being grade 2 or 3, they're going to be grade 1. Instead of being good saw products, perhaps they would be venire produces. Very straight, no epicormic branching, no problems that way. So there are some not immediately measurable benefits, but we can all agree that high quality products, it's better to grow those than medium or low quality products. Now at this stage, this is a 12-year-old stand. It's not too late to manipulate species composition. This is a 12-year-old stand, and most of the crop trees are between 3 and 4 inches DBH. And we have hundreds of them. So by choosing the right ones that meet our objectives and releasing their crowns, we allow them to persist and hang on and advance to maturity. Now our pre-commercial thinning or our crop tree that we're trying to do, we can increase the growth of those trees. We can improve the species composition of the stand and we can improve the general stand quality. All 3 of those have economic implications. If we increase DBH, we get to a product size fast. In other words, the production period is shorter. If you can build a car in 5 minutes, that's much better than building a car in 5 days, as far as the cost of the company, for the construction, for the building cost, manufacturing cost. And the same thing with wood; if we can grow 16-inch venire northern red oaks in 50 years, that's much better than growing them in 70 years. And that's where this increase growth, that's one of the economic benefits. Stand quality. If we're growing venire quality products are very clean, straight saw products, as opposed to marginal grade 2 grade 3 logs. That's another benefit down here. But the example I want to focus on is this improving species composition. It's really the clearest, most obvious measurable thing that you can see when you're considering crop tree management. You can tell whether a tree is a northern red oak or a white oak or a black gum or a red maple. I mean, it's just obvious. Sometimes it's hard to tell whether or not the trees will be good quality, and it's hard to guess how fast they'll grow. But you can definitely tell what species they are right in front of you. This faster growth issue-let's just talk for a minute. How much faster growth? How much faster will they grow? In all the studies we've done, and this is 10-year growth, okay, unreleased trees grew 2.6 inches in 10 years, released trees grew 3.5 inches in 10 years. And this is northern red oak. Yellow poplar, 2.9 unreleased, 3.9 if we released it. Black cherry 2.8, if we don't release it, 3.7 if we do. Do you notice the difference here? It's fairly consistent. We like to say that when we do a crop tree release in a young stand, we gain 1 inch of DBH in that 10-year period. What happens after the release? The canopy closes back in, the trees are not released anymore after about 10 years, and they resume growing at their normal rate that they were growing when they had neighbors-this lower rate. So one of the ways to consider the economic benefit of a crop tree release that's early, is what is 1 inch worth to you? To some people, it's worth about 5-6 years. It'll get to a product size 5-7 earlier, because it gained that inch. The other thing you might consider in volume. If you have a 21-inch tree, it has a certain volume. How much more volume do you have if the tree is 22 inches? There are just ways to convert this biological response to an economic benefit. Faster growth, you gain about an inch. Usually, that translates into a 5-10% increase in volume and/or value just in that individual tree. A 3 to 5 year decrease in the production period, depending on how fast that trees was growing on that site. But you have local knowledge of how fast your trees grow. If you release them, you'll gain about an inch on those trees. And this bottom one here is a little tougher to quantity. You just reduce the risk of it being killed through competition-reduce the risk or mortality. Now let's talk for a little bit about improving species composition. Our stands are quite variable. We sometimes have as many as 20 different species in a dominant codominant position. Other sites that I've been to here in the south and the central regions, sometimes you only have 3 or 4 species. Sometimes only 2. In site index 70, these are all products of our woods in the central Appalachians. And 12 years after we would conduct some kind of an even aged harvest, this is usually what we have. We have about 1200 trees or so: sugar maple, sassafras, red maple, northern red oak, yellow poplar, locust, black cherry, birch, and a whole host of others in a codominant position. I'm sorry, 1 inch and larger. These are all stems. If we look at just the codominants up in the main canopy, recall from Tuesday's discussion those trees that are subordinate. Weak intermediates and over tops, forget about them. At age 12, they're never going to recover and become part of the main canopy. So our manageable part of the stand are the codominant and dominant stems. And it breaks down a little different. You still have this locust, sassafras, a whole host of species-but these trees sort of sort themselves out into good and poor. Some of them have forks, so they're twisted so they have poor attachments at their stump sprouts. Others have issues, maybe they've already been damaged by vines or whatever. So we've separated them into good and poor, and what's nice here, poor is at the top of the column of each column. We have-if you notice here-northern red oak. We have about 20, maybe 19 or 20 good northern red oaks, and about 17 or 18 good sugar maple, and probably just about 20 good black cherry, 20, 40, 18, say 58. Hey, if we focused our attention on these crop trees, the northern red oak, the sugar maple, and the black cherry, we would be focusing all of our resources on the best 58 trees per acre. So we wouldn't have to really deal with all of these, and even these poor ones. We just make sure that all the growing space goes to all those good ones. Now I'll deviate from my example a little bit. Northern red oak and black cherry are the top 2 market value species. If you look at most wildlife guys, they're also the top 2 wildlife species. So we get both benefits here, even though they happen to fall into that high value situation. If you've got black cherry seed, a drupe, and you've got the acorns and the nuts and things that are available for wildlife, plus you lifeboat the stand. You have a seed source for the future or the preferred species. So when we improve species composition, we want to evaluate the potential of the whole stand. I've seen a lot of crop tree management research papers, and some of them deal with the economic benefits of crop tree management. And the mistake I think that's made in the economic analysis is they looked at the individual tree. 'I release this tree and it cost me so much to release it, and it grew this much faster.' And when they do the math, they say, 'Well, that doesn't quite work out in a discounted cash flow analysis. That wasn't a very good investment.' The individual tree didn't grow enough to recover the cost of having released it. But as I just showed, if we can focus on the best 58 trees, it's not just the growth of the trees, it's how we manipulate the composition of the stand. That's the economic benefit. As well as quality and growth, and it all adds together, but my point is the analysis that I've read at some times, isolated the result of one tree and that's not really capturing all the benefits that accrued in that investment. Now you're limited by the initial species composition. This is why I have that saying, 'It's not always, and it's not never.' Some stands, you shouldn't do crop tree management. The value isn't there. All the species are the same value. The only benefit would be picking the ones of higher quality and perhaps a little added growth. And then financially, it maybe wouldn't pay; you'd have to look at individual stands. The impacts determined by the differences among the species. In our case, I have a tree that's $900 a thousand of black cherry, and what's competing with it is a sweet birch or black birch that's worth $50 a thousand. Now that's a no-brainer of which one we'd want to win that growing space. As the values get closer together, it's harder and harder to justify and recover your investment. The guideline is 'Always trade up in favor of high value species.' this is the list of the species. This one goes back to 2003. You see the rankings are roughly the same. Here's that birch I was talking about, versus black cherry. One tree is worth 100 times more than the other tree. But yet, biologically and ecologically, they're occupying the same position in the stand using light water nutrients and heat, and I would rather the $900 tree win compared to this $9 tree. You can also improve average stand quality. And this is one of the reviewers of our papers point this out. Because you increase the vigor of the tree through the release, you have sort of implicit indirect effect on its quality. You grow high quality trees, not just different species. And improving quality, I would select straight stems, clear stems, trees that obviously have a good crown, say a minimum of 35% crown ratio, and through crop tree release you can increase that. Potential log height is another thing. You might look at a tree and it's clear, high enough that you know you're going to get 2 or 2.5 or 3 logs out of it. That's a candidate for a crop tree, versus one that forks low or has a problem that's lower. Again, we're comparing and were trying to select the best trees. And also the potential grade. There are several papers out there that deal with grading young trees. Here's the take home message. We just finished a paper that'll be in the Northern Journal of Applied Forestry in the next 2 or 3 quarters. It comes out quarterly. We looked at many trees, many species, and found that when you look at a tree and base your grade not on the tree size, but on its surface characteristics, what you see in terms of branching and sweep, 80% of the time, you're right. And that tree grows to be big enough to be the highest grade you can give that tree. It probably will be based on its surface characteristics. And 10% of the time, the grade will be better than you estimated. And only 10% of the time when you observe these trees, this is generally across many species and it varies a little bit among species and the details are on that paper. But the point is, if you can look at these young crop trees and say to yourself through your field experience, 'I think that's a cracker jack tree. It has no lower branches, it's straight as an arrow, it has a nice vigorous crown,' that tree tends to hold that condition. It's shouting at you, 'I'm a good crop tree.' Let's turn it around. If you have a tree that's a little iffy, the crowns a little smaller, the bark looks a little funny, it doesn't quite look right and it has a few epicormic branches in that upper section, that tree is telling you, 'Don't pick me, because when you release me, I'm going to develop more epicormic branches,' and the vigor issue is obvious as you're deciding whether or not that's a crop tree. That's a fairly general recommendation. You're going to have to use your professional experience and judgment to decide on the margin, which ones are and which ones aren't crop trees in terms of evidence of vigor. Sometimes when I travel, like when I go to western Tennessee or western Kentucky, it looks different enough from my woods that I'm in a non-comfort zone, because I can't tell whether the trees look good. I haven't been there enough. The people that work there, they know what are the vigorous trees and what are the good-looking trees and when the bark looks normal or abnormal. And that's where your professional judgment comes in. Take a message to wrap that up. What you see is probably what you're going to get. The idea that you can't tell what the grade is going to be is not really true. I think you could judge the grade of the tree fairly early. A good reference is Dave Sonderman, who's written dozens of papers. You can Google search that and you'd be surprised how many papers pop up. They looked at young trees and then followed them for years to see how their grades came out. Let's do our economic analysis. Again, reiterating that the sweet spot in these young stands, you have lots of crop trees and lots of choices when the stand is young; safe from canopy closure for the nest 10 or 15 years. That's when you have the most choices. This is the example, again, I gave you a handout so you can look at that later. Bear with me on this, because this usually causes confusion. It might be because it's the first talk or maybe it's me. I don't know. I'm pausing so I get your attention. And it is, sometimes we have trouble with this. This is a little different. This is a 12-year-old stand. This is the species composition: black cherry, northern red oak, oak, hard maple, other. These are the prices. These are the numbers of codominant and dominant trees per acre. You notice that I don't really ever count intermediates and over top trees in this analysis because they're essentially not part of the true pictures. I've got 60 black cherries, 113 hard maple, 100 yellow poplar, and a grand total of say 500 codominant stems. What's important is this right here-the percent composition. 12% of the overstory is black cherry. 9% of the overstory is northern red oak. Even though I've got 47 trees, only 9% of this total is northern red oak. This is the eventual future of that stand, if I don't treat it, if I don't do crop tree management. What I have now is probably what I'm going to have in the future. Give or take. Some species tend to be more aggressive and more competitive as time goes on. Others, less. Good example might be fire cherry. I could have fire cherry at age 12. I know it's going to die between age 30 and 40. I don't have to treat it, or do I? What it's going to do is be more aggressive than everything else in the stand, and be a real pain in the neck for 30 years and kill good crop trees, and then it's just going to die on me. So I don't really want that to happen, and that's what I'm saying. Although the species composition could change, right now, I'm 12% black cherry. And I'm 22% hard maple. And if the stand got to maturity at say, age 75, and the volume was this, and I applied these percentages times these values, this would be the stand value right here if I don't do anything. And I'm deciding today at age 12, do I release the crop trees or not? Age 12. That's my decision points right now. So I go out and I look at this stand and I say, 'Whoa, wait a minute.' From my data I've collected, it's true I have 60 codominant black cherry and that's 12% of the stand, but I know form my inventory that about half of those are dominant and codominant and good-quality. They're the ones we just describe; they look like they are going to be a high grade, they look like they have vigor, they have straight stems. If I can focus on these and release them as crop trees; focus my efforts on these 27 good cherry and these 33 good oaks and these 64 good hard maple and I decide how many crop trees I'm going to release. I'll release every black cherry I find if they're in that condition. And I'll release every northern red oak if they're in that condition. And I'll released a few of these others, just for the sake of diversity. And I've essentially changed the composition of the stand. And what confused people is I've got 510 trees here and 75 trees here. My point is this is the column tat we focus on. The percent composition. If I release the crop trees, this will be the composition of the stand. It won't be 12% oak. It'll be over a third oak. This is like the elegance of this treatment. I could bring every one of these good trees through to maturity. I might could get hit by lightning and microburst the top part of the stand or whatever, but my point is biologically and ecologically, I'm going to put them in the position where they can compete for decades and stay in the stand. And this is quite remarkable that you raise the composition-the eventual composition-from 12 to 6% and all I did was favor the best 27 trees. To increase he composition of oak from 9 to 44% by favoring the best 33 trees that I have. And then these others, although they're lower value, and they're not as important to my objectives, I still released them to maintain diversity. But this is the eventual composition, and this is the eventual value. So just going over the analysis, this treatment would have cost John Blanton from down here, the silviculturist here with the National Forest System. He sent me information on their crop tree release costs. Dozens and dozens of stands they released. And the cost that I like to use is about $50-$60 an acre. And if I invest $50 an acre to focus on all these good trees and release these trees as my crop trees, I put $50 into that stand, but look get back when the stands mature. I make this stand over $4,000 per acre more valuable then it would have been if I just left it alone. Now because I started in a younger stand, 12 years old, to grow that thing out to age 75, that's a longer investment period, and that has to be accounted for. But this turned out to be roughly a 7% rate of return. Add inflation to that, 10-11%, that's a cracker jack investment. This is definitely a stand that you should get into a truck right now and go out there and get this stand ready and have it released immediately to improve it. This is an example where it works out. I could have easily shown you another stand where it still cost $50 an acre, but when we get to the end, maybe the benefit wasn't there. Maybe we spent $50 an acre and we put a little herbicide out there or we ran the saw out there or we girdled some trees, but we didn't make the stand any better. That's a no-brainer. We don't want to do those. And I have a friend on the Monongahela National Forest. He deals with clumps of 20 and 30 stands, where he has to decide which ones get released and which ones don't get released. And we go through this exercise. It seems to be workable. And mainly they like to use this as their sort of a guiding principal that when they put the money into the stand, they'd like to see it returned as an advisable investment, unless other objectives override it. Let's say in this case, I didn't have 47 northern red oaks that were codominant, and 33 of them were codominant and high quality. What if my goal in that stand was to develop wildlife habitat and have a hard mast source, and my data told me that I didn't have 47 oaks, I only had 15? That might be another candidate for release, because if I don't get in there and release them, I'm going to lose them. And then the stand has no oak, no hard mast. That's a little harder to look at from an economic standpoint, because now you're trying to estimate the value of the habitat. And there are methods to do that, but in this lecture and exercise, I wanted to stick to something that was fairly concerted and tangible. "Is that $50 or $60 an acre, is that bringing in crews to do it?" Yes, the way they did it is as I described earlier, they might have units, compartments divided into units, and they might know which units they want to release. And they work with contractors they've worked with before. They might advertise that they have 10 units that they want released, and local private contractors would bid on those and hire the low bidder. Hopefully, it'll be with someone they've work with before. And then the average cost, it might be that when they put the job out on bid, they might describe how many crop trees and how they want them treated; herbicides or non-herbicides or whatever. So the people who bid factor in those issues when they bid. But his average cost in the 50 or 60 is something I like to use, plus they don't have to redo my computations. "So I guess the landowner, if they had the interest and the knowledge could do it a whole lot cheaper." A whole lot cheaper, and you are absolutely right. I'm glad you brought that up. The point is the landowners, these are contracted costs, transaction evidence cost if you will, but land owners could probably do these treatments a lot cheaper with their buddy, the hack and squirt, or whatever. And there are also cost share, and assistance programs available, so when a landowner is trying to decide, 'Should I do this at $50 an acre' remind them that well, under certain conditions, it doesn't cost you $50 an acre, the cost is still 50, somebody's paying for it, but some of these programs are intended to promote better forestry, which is a benefit to society, so the cost to the individual landowner is less. No doubt, very good question. I'm going to wrap this up because we're almost out of time. Start early. The earlier you start, the greater the chances are that you'll discover good crop trees that can be managed. And then down the road when the stands mature, those trees will pay you back. But what if I'm not going to live that long? That's a whole other discussion. What do you do with your home that you love? Do you let it fall down around you, or do you maintain it? Do you ever intend to sell it? Well, not really, I tend to live in it. But why do you take care of it then? Because someday you might sell it, and you want it to be in good condition and well maintained and cared for. And that's the same way with these forests. And if you go to sell your land and you've managed these crop trees, and you can brag to the potential buyer that, 'I don't have just a stand of ragamuffin trees out there. I've got a forest that I've been managing, and I've got 30 or 40 good crop trees per acre.' So that's what you're bidding on. Or if you leave that to your family as an inheritance, same way. They benefit from your value at it. Potential benefits. Let's summarize. We increase the DBH growth, maybe a 10% increase in volume and value. We could improve stand quality, perhaps a 5-10% increase in value. We could improve species composition. Where did these numbers come from? Remember eerier, I described the clearcuts, the even-aged stands that we've been studying on the Monongahela National Forest. Our data set includes about a little over 90 stands. What we did is ran this analysis through and assessed the benefits if we just made the trees grow faster. And if we just improved by picking good quality trees, or if we just focused on the isolated benefits of improved species composition. And these numbers are the average benefits from those 90 sample stands. We didn't actually treat the stands, we played this 'what if' game. What if we released, what if we didn't release? And these are the average benefits. So what if its available from all 3 categories, but we like to point out that the maximum benefit usually comes from a shift in species composition. Opportunities to increase returns. Of course vine control and any kind of pest control, you have to consider whether it's worth doing from an economic standpoint. Certainly crop tree management, and as David pointed out earlier and even on the fieldtrip you'll get this too. It's always good to prepare for success, and not just wait for a serendipitous windfall. In other words, prepare for good reproduction and prepare for successful regeneration. Sometimes it costs you money, but it pays you back because you regenerate more valuable trees. This is my contact information. I like to hear from you because if you have a specific situation and you want to give me a call or drop me an email, I may be able to round up some references for you. I don't want to do your library work, but sometimes I could know a way to help you. I could give you the best one paper rather than you go through 100 papers. And I really like to hear your individual situations, because all the foresters are snowflakes. You all have different management situations that I'd like to hear about. 
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