This file was created by scanning the printed publication.
Errors identified by the software have been corrected;
however, some errors may remain.

- 594.  Multifunctional Grasslands in a Changing World  Volume 1

Procedures for estimation of the livestock ecological footprint in US drylands

Robert A . Washington-A Uen' and John E . Mitchell’

! Department of Ecosystem Science and Management , Texas A &M University JI38 TAMU , College Station , Texas 77843-
2138 ,USA , E-mail :w mhington-aller@“ tamu edu

* USDA -Forest Service Rt{{:k}f Mountain Research Station , 2150 Centre Ave ., Building A , Fort Collins , Colorado 80526 ,
USA | E-mail : jemitchelk% fs fed us

Introduction The ecological condition and trend of the United States’ 3 902 000 km® of Drylands and the extent to which human
management actions contribute to degradation are unknown at the national spatial scale { Washington-Allen et al . 2006) . Qur
research secks to develop procedures for determining the impact or ecological footprint of livestock grazing on the productive
capacity of Drylands at the national spatial scale .

Approach The study approach has been to develop a Ceographic Information System (GIS) consisting of digital maps of gross
and net primary productivity (GPP and NPP) , U .S . Department of Agriculture National Agricultural Siatistics Office
{NASO) national livestock number and distribution maps , transportation and power consumption networks , gridded climatic
data , land cover , and land use . Maps of GPP and NPP were derived from annually. integrated normalized difference vegetation
index (NDVI) from the Moderate Resolution Infrared Spectroradiometer (MODIS) and the Advanced Very High Resolution
Radiometer {AVHRR) satellite data . Climatic data , particularly mean annual potential evapotranspiration [MAPET |, Zomer et
al . (2006)] , was derived from the WORLDCLIM dataset developed by Hijmans et al . (2005) .

Secondly ,a Dryland extent map was generated using gridded population , transportation data, e .g ., data of roads and
railways , power consumption , land use/land cover and aridity index {Al} data in a subtractive overlay GIS procedure . Al is the
United Nations Convention on Desertification’s definition of Drylands where Al is the ratio of mean annual precipitation (M AP)

to MAPET that is

Thirdly , the NASO data is used to generate livestock number and distribution maps which are intersected wilh the dryland
extent map to yield a livestock footprint map . Lastly , this footprint map is then converted to an annual requirement of forage
map and subtracted from a GPP map to yield a livestock appropriation of net primary productivity map (LANPP) .
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that the amount of desertification a‘em 2

&5 mﬁamem actions contribute to this process is unknown at national to global spatial scales.

The recent of Drylands

Our research is relevant to this issue and confaum:a because it seeks to develop p for the impact or footprint of livestock grazing on the productive capacity of drylands at these spatial scales. The
study approach has been to develop a grap i Sys(em (GIS) of dngnal maps of gross and net primary productivity (GPP and NPP), Food and Agriculture Organization (FAO) or other sources of national
agricuitural statistics on livestock number and di and power networks, gridded climatic data, fand cover, and land use. For example, for the Umted States, maps of GPP and NPP were derived
from annually i difference index (NDVi) from the ion Infrared (MQDIS) and the d Very High {AVHRR) satellite data. Climatic data,
particularly mean annual potential evapotranspiration [MAPET], was derived from the WORLDCLIM dataset. Secondly, a Dryland extent map was gt d using gridded data, .g., data of roads and
railways, power consumption, land use/land cover and aridity index (Al) data in a subtractive overlay GIS procedure. Al is the United Nations C: ion to Combat D i 's definition of Drylands where Al is the ratio of

mean annual precipitation (MAP) to MAPET that is<0.65. Thirdly, the NASQ data is used to generate livestock number and distribution maps which are mtarsacted with the dryland extent map to yield a livestock footprint map.
Lastly, this footprint map is then converted to an annual requirement of forage map and subtracted from a GPP map to yield a livestock appropriation of net primary productivity map (LANFP).
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INTRODUCTION

Drylands make up 3,902,000 km2 of the United States land surface and cover some 41% of the world's terrestrial surface whilst
providing ecosystem goods and services to some 38 % of the human (MEA) 2005).
The ecologica! condition and trend of these lands is unknown at reglonal nationa,| and global scales {The H. John Heinz Center
2002, West 2003, Millenium {MEA) 2005, Allen et al. 2006). Large geographic areas of dryland
are unmonitored at regional and national scales. Major problems are that dryland condition is measured in different ways by different
responsible agencies at local scales and thus subect to different interpretations. Further water-limited systems are driven to some
extent by climatic events such as the E) Nifio-Southern Oscillation (ENSO) and L.a Nifia events that have return intervals of between
5 to 10 years. Expenmentll du|gn calls for replication of treatments, in this case both grazing and climate change variables.
requires time series of 15 to 20-years of data or longer to detect trends. Additionally
Iocnl-scule data of an appropnntn time series cannot be aggregated to satisfy national assessments. Nonetheless, public and
governmental responses from previous assessments have shown that mtorest in dryland condition is paramount. However, until
federal and national agencies and NGOs adopt i indit of itions that are broadly monitored, a different
|ppm|ch is needed. We consider two indicators of human impacts on the face of the earth: the ecological footprint and

ppi The ical footprint how much land and/or water area a particular population requires to produce the
regour: esc ittit‘:lo;ssumes and to absorb its wastes, Appropriation considers the rate or the intensity of use of the world's photosynthetic

Thus the objectives of this research are:
1.To further develop and apply a protocol for remote-sensing based monitoring of U.S. drylands (Washington-Allen et &/. 2006).

2. To assess trends in productive capacity of U.S. drylands using aspects of both an ecological footprint (Sanderson et al, 2002)
and an appropriations approach (Imhoff et al., 2004).

METHOD

Our istousea System (GIS) based approach to look at the spatial distribution of the intensity of
livestock grazing at the nationai areal extent of U.S. driyands in relation to dryland productivity. Specifically, this study will focus on
the year 2002, because this was when national statistics on both the number and spatial distribution of livestock across the United
States became publicly available,

Livestock Distribution

The National Agricultural Statistics Service (NASS, hitp:/iwww.nass.usda.gov/) conducts twice-yearly livestock surveys for the USA
at the county-level from 1868 to the present. The US Census Bureau also collects agricultural data, including livestock data, that is
used by NASS to spatially represent US livestock distribution (Figure 1A and B). These number can be converted into forage
required or uged by livestock.
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Figure 1. Dot maps of the spatial distribution of beef cows (A} and sheep and lambs (B) across the US. Each dot
represents a threshold value of 25000 (< 5000 = 0) beef cows or sheep and lambs. The number of dots within a
particular land cover was based on weighting factors that were likelihood estimators of each type of livestock
occurring in a particular land cover. The determined number of dots were th-n undomly distributed within the
specific land cover polygon (http: nass.usda.g html

Productivity

Net Primary Productivity (NPP) marks the first visible step of carbon it ifies the of
atmospheric CO, into plant biomass (Running et al. 2004). Consequently it is an mdlcatar of productive capacity. NPP can
be derived using satellite remote sensing data. The Very High (AVHRR) is a remote
senor on board a satellite platform that has been globally (EM) data since the mid-70's.
it collects data twice daily in @ number of discrete sections or bands of the electromagnetic spectrum (EM). The infra-red
(IR) and red (R ) bands of the EM are related in what is called the normalized difference vegetation index (NDV!) which is
calculated as:

NDVI=IR-R/IR+R

The i (MODIS) is a remote sensor aboard both the AQUA and TERRA
satellite platforms which has baen collactmg global data since 1998 including NDVI and NPP. The NDVI has been
correlated to varicus individual plant (or leaf) and vegetation parameters including leaf area index (LAl), biomass, and
canopy cover (Sellers, 1985). Seasonally or annually integrated NDVI orzNDVI over the year has been found to be
correlated with NPP {Goward et al. 1985). Figure 2 shows an example of NPP for 2002 derived from the MODIS sensor.
NPP is considered forage available to livestock.

Figure 2. Net Primary Productivity (NPP) for 2000 derived from the Imaging Sp
{MODIS) sensor.

Definition of Drylands
The extent of livestock impact in drylands is the goal of this study However, there are over 100 definitions of drylands that can be
used to set the extent. Fortunately, the United Nations Ci to Combat D ification (UNCCD) had defined drylands globally
as the ratio of mean annual precipitation (MAP) to mean annual evapotranspiration (MAPET) called the Aridity (or Humidity) Index
(Al) that is < 0.85 {Figure 3). We will use the Al index developed by (Zomer et &/, 2008) that was derived from the WORLDCLIM
dataset developed by Hijmans &f.&..(2003).
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Figure 3, The global extent of Drylands as defined by the arldity Inex (Al) which covers 41% of the terrestrial surface.

Database Development

Table 1 thowt the GIS data base and map layers that will be developed to further refine the extent of drylands used by
produce a to assess trends in pacity of U.S.

RESULTS

Population
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frastructure

Coarse Drylnnds =

Refined Drylands

Figure 4, The Definition of drylands is further refined using land cover and urban distribution data {A). This refined definition

is then used to bound the extent of drylands in terms of NPP (forage ) and (forage use )
(B). The result of the intersection and union of these areas is an esti of the area of p by or
Livestock Appropriation of NPP (LANPP).
CONCLUSIONS

This initial study will look at data in 2002. However, future studws will both and predictively consider the time series of NPP and
livestock numbers and distribution data in order to ly the of impacts and to be able to
forecast their future impacts.
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