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I. Issues and questions in response to Patrick’s presentation: 

• Vegetation Indexes: There are many indexes for measuring and monitoring vegetation.  
One drawback of NDVI is that it can saturate.  Do you recommend NDVI? 

o NDVI works well for California rangelands because, although it can saturate if 
there are multiple stories, that situation is rare in rangelands. 

o EVI is another vegetation index using MODUS, but the advantage of NDVI is that 
there is data going back to 1980. 

• Calculations of belowground biomass:  Because the root to shoot ratio of trees and 
grasses are different, with grasses having relatively more of their biomass belowground, 
shouldn’t the estimation of belowground biomass reflect that?  Couldn’t you turn the 
graph on slide 22 (Aboveground biomass vs. integrated NDVI) to a graph of total 
biomass by adding a line for belowground biomass that would be greater and have a 
steeper slope on the left hand side of the graph, where aboveground biomass is lower 
(because there most aboveground biomass would be grasses) then become flatter and 
lower at higher end of aboveground biomass (because there most aboveground biomass 
would be trees)? Has anyone validated that prediction? 

o It seems that that would be what you would expect and that such a regression 
and prediction would be possible.  However, it has not been validated (as far as 
Patrick knows), and he advised caution on drawing too many conclusions from 
the regression.  

• Photo resolution: What is the resolution on the 1954 aerial photos?  Is it adequate for 
comparison with modern photos? 

o Resolution is limited on the older aerial photos.  It improved greatly from 1954-
1989, and IKONOS even better.  The improvement of the resolution normally 
would create a problem in comparing across years because you can detect more 
trees now.  In this case, however, it may be less of a problem, because Patrick 
has detected a trend of decreasing cover.  If he is seeing decreasing tree cover 
even with better resolution, that finding is actually more robust.  Still, he is 
working on standardizing between the different methods within the next two 
months. 

• Species Richness: How do you detect species richness changes? 
o Field work with direct observation and interviews 
o The Wooloff have a profound knowledge of natural history.  He did interviews 

with village elders and found less than 10% error in their recollections and 
recorded observations, so the interviews are quite accurate. 
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II. Broader discussion  
Patrick started off the discussion by posing the following question: Given the low rate of 
increase of carbon in rangelands, is it worth it to pursue this option or would the money be 
better used in other carbon mitigation activities?  Discussion centered around the following three 
broad themes: measurement and monitoring of carbon, forest regeneration, and managing for 
multiple uses including livestock grazing and carbon sequestration. 
 
A. Measurement and monitoring of carbon 
 

• Given the low rate at which carbon is sequestered in rangelands and the extreme 
heterogeneity of rangelands, isn’t this whole discussion moot because the cost of 
monitoring carbon in rangelands outstrips the value?   

• Depends on scale.  If you could scale up to whole state of California, instead of 
monitoring plot by plot, and use remote sensing, rangelands as a whole in California 
could break even.  For local sites, even in high biomass sites in tropical forest, it is hard 
to make money off of carbon because of management and monitoring costs.  The 
smaller the project, the worse the money works out.   

• As far as tools for that monitoring, Patrick thought that Landsat would be a good tool but 
that MODUS, at the state level, would probably not be adequate.  It depends on the 
policy – the level of allowable uncertainty dictates the resolution required.   

• California Climate Action Registry (CCAR) has been developing a forest protocol, and 
the lines between science, politics, and policy are pretty fuzzy.  There are many 
competing protocols.  Are you seeing a standardization in measurement and error 
estimation? 

• There is a need for standard methods and calculations internationally, and the IPCC 
plays that role globally.  In the US federal system, however, the national government is 
letting the states be laboratories in developing these protocols, so  there is less 
consistency in the U.S. 

o IPCC has the best available science with lots of review, so following their 
protocols is generally a good idea. 

• In US, parallel processes are producing some unfortunate things.  For example, 
Chicago Climate Exchange guidelines are very lax by international standards.  
As another example, the CCAR has decided on a baseline methodology that is 
very different from UNFCCC rules and very specific to California.  The baseline 
under CCAR is a projection of how much tree cover would be predicted based on 
common practice and legal and financial constraints.  The UNFCCC, however, 
UNFCCC requires documenting how land cover has changed, using, for 
example, LandSat photos, then using those trends to project into the future. 

• There is a chance, under the new administration, that there will be a national 
program. 

 
B. Forest regeneration 

• From the work presented this week and elsewhere, it appears that to store more carbon 
in rangelands, we will need more trees, but what about limits?  There are places where 
you could plant more trees but others were they’ve already reached their max based on 
precipitation. 

• However, many places in the regions that Patrick studies in Africa, for example, are not 
anywhere near their maximum density.  Some ethnic groups in the area do planting and 
regeneration activities, and in those areas you can see a doubling in the density of 
mature trees. 
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• In these areas that are seeing shifts in patterns of rainfall, such as the study areas, it 
may be that passive regeneration could occur (which Patrick has seen in old fields left to 
revert to forest) but with the replacement of the more mesic species by the drought 
tolerant species.  So regeneration can occur, even in these areas, but the species mix 
will be different.  It is important to note, too, that the broad trends in precipitation shifts 
hide more local effects, so there are actually some areas in which the rainfall has not 
changed much, and in those areas regeneration of mesic species may be possible. 

• The extent to which regeneration is possible depends, too, on whether we want active or 
passive regeneration.  In California, people are planting oaks, and they can grow without 
irrigation, but in other places, replanting forests (or planting them in areas where they did 
not exist previously) may require irrigation, which may not be acceptable. 

• Finally, it is important to remember that while the most effective way to store carbon on 
rangelands is probably to plant forests, there are management activities on rangelands 
that could increase carbon without conversion to forest. 

 
C. Managing for multiple uses – livestock grazing and carbon sequestration 

• Groups like the California Rangeland Coalition are seeking to protect working 
landscapes.  Can this type of science be used for groups like this to argue for protection 
of working landscapes? 

• Working landscapes are important because eating is necessary, meaning that there is a 
need to manage landscapes for productive agricultural use as well as other benefits.  
We need to learn more about these landscapes and how to support both carbon and 
other productive land uses to conserve them.  In both the Sahel and California, we 
should look at traditional agroforestry systems to learn how those systems succeed (or 
do not) in producing multiple benefits.  We at the university focus on how the system 
works, but it is also necessary and worthwhile to take that information and apply it in 
support of goals such as conservation of working landscapes.  As of now, we still do not 
fully understand the balance and trade-offs involved in different land uses as far as their 
carbon impacts. 

• We’ve talked in the roundtable about how grazing affects carbon, but in places with 
woody plants, it seems clear that wood is better.  In places where there are some woody 
species, such as oak woodlands, it seems that we could use grazing animals to help 
manage for trees – for example to redistribute nutrients for tree growth.  It would just be 
a question how to plan that grazing spatially and temporally to generate and credibly 
measure carbon gain for credits.   

• However, adding livestock to a landscape would also mean methane emissions, so how 
would management practices of sequestering carbon (in soil and biomass) using 
livestock balance with the methane produced by the animals?  When does the methane 
start to overwhelm the benefits? 

• Livestock and methane emissions could quickly swamp out woody biomass gains.  
However, to really understand the interaction, it also matters where these livestock 
would have been and whether their emissions are really additional. 

• We need good life-cycle assessments of these activities to better compare different land 
uses and alternatives, such as this question of livestock and trees or the issue of 
harvesting or leaving trees, as we discussed last time.  The key is to keep multiple 
ecosystem services intact so that these systems are more resilient in the face of climate 
change.   

 
 


