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SUMMARY

The objective of this report is to present analysis
canducted to determine appropriate and efficient analysis and
sampling methods for the development on a cost-effective,
tmely satellite-based pasture assessment drought early
varming cvstem in Niger. Standing herbage estimates were
abtained from 23-22 ground control stations (each 100 km2) in
1986 ond 1987. Standing herbage estimates were then
cambined with NGAA-9 satellite-based IAC KDVI values far the
same ground caitrol stations. NDVI camposite periods ranging
fran 2-8 days were generated for the 1986 an 1987 ramy
seasons, yielding 12-13 camposite pericds fer each growing
seasan. "wo variatians of NDVI were evalusied, maximm and
integrated NIWI. Integrated NIVI wA- recammended for
standing herbage estimation. The integrated NDVI-standing
herbage regression for 1987 wes not significantly different
between ecological zanes. Although there was no significant
difference between the integrated NDVI-standing herbage
regressian among years, degrees of freedam were sufficient to
allow 1986 and 1987 to be analyzed separately. Inverse
predictions were used to convert or "calibrate" satellite
integrated NDVI to stamding herbage in 1986 and 1987.
Ninety-five percent confidence intervals for irverse
predictians of average values indicated that standing herbage
classes in increments of about 400 kg/ha were appropriate for
NOAA IAC-based average standing herbace estimates.

Irtegrated NDVI was tosted on the 1987 data set using a
coarse resolution NIWI, currently used by Niamey's AGRHYMET
certter. This regression had a lower intercept value than the
regression established using IAC data and 10-by-10 km sites.

The effects of a smaller site size an the mxdmm NDVI-
starding herbage —egression were evaluated. A site size of
25 km* wias recamended. This site size would add a small
amount of variaticn to the regression but would allow mo.e
sites to be sampled. The advantage of a larger mmber of
sites was hypothesized to more than campensate for the sllght
inmacouracies associated with the smaller site si.: A
sam:luxgschaneforthezskmzmteswasproposedforthe
1988 rainy season.


http:evalua-.ed

1. INTRODCTICN

The Niger Integrated Livestock Production Project (NILPP) has been
working since 1983 toward tha development of a cost effective, Niger-based
and cperated pasture assessment early warning system. This sustainable
system would inform the Goverrnment of Niger (GON) of impending forage
surpluses and deficits in the pastoral zone of Niger. It would assist the
GON. in presenting quantified information to prospective donor countries on
the magnitude and extent of a drought. An anmual timely standing herbage
map would serve as a basis for natural resource, management, and policy
decisions in good years as well as bad. Standing herbage maps could be
combined with other information sources such as market, epidemiology, and
Quman health to assist in decision making processes.

Satellite (NOAA-9) information which displays the geographic variation
in starding herbage can be cbtained for large areas with minimal costs.
Both the satellite-based reflectance data (NDVI) and standing herbage data
(kg/ha) are needed from 20-40 sites to merge grourd-based standing herbage
measurements with satellite values. The relationship between satellite NDVT
ard standing herbage data established for these sites can then be used to
corvert or 'calibrate" satellite values across the whole region to their
equivalent standirg herbage.

The pasture assessment early warning system was initially undertaken by
the International Livestock Centre for Africa (ILCA). In 1985, ILCA
produced the first satellite-based standing herbage map of the prcject
zore. New Mexico State University staff members assisted in ground sampling
procedures and implementation. In 1986, contract problems developed with
IICA. GON and NMSU were forced to make the appropriate ground sampling
orotocol mexdifications that would allow a satellite-based standing herbage
map to be produced for 1986 without the use of the ILCA airplane. later,
MMSU carried out the technical assistance associated with the pasture
assessment early warning system for both remote sensing and grourd-based
data sets.

This 1987 final report presents the results or analysis conducted to
determine the most efficient yet reliable means for continuing the pasture
assessment program in Niger. After the 1988 rainy season, additional
protocol medifications may be recammended in an attempt to further minimize
costs after the end of project funding in December 1988. NMSU has proposed
project continuation to supply technical support for Niger's flcdgling
remote sensing capabilities.

2. STANDING HERBAGE
2.1. Methods

The use of regression analysis to establish the relationship between
standing herbage and satellite vegetation indices necessitates 20 to 40
different "ground truth" locations where both satellite and standing herbage
data are available. The sites within the NIIPP zone were established in
1983-1984. These sites were chosen for uniformity and to represent the
major range types within the project zone as mapped by Milligan (1982). The
site locations within the project zone and the respective site numbers are
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displayed in Figure 1.
FIGURE 1

SITE LOCATIONS WITHIN TEE FROJECT ZONE
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One of the primary goals of a standmg herbage early warning system is
to predict regicnal deficits or surpluses in pasture herbage standing crop
during the subsequent 9-month dry season. Previous studies have shown that
peak herbage standing crop or gross primary product'lon can be correlated to
either maximm or integrated vegetation indi cesl (de Wispelaere et al. 1985,
Tucker and Sellers 1986, Tucker et al. 1985, Wagenaar and de Ridder 1987).
Due to the variapility of the rains in the Sahel, the time of actual and
antlc1pated peak standing crop may vary as much as 3-4 weeks. The perlod
when maximum standing herbage occurs on a partlcular site could be in
either August or September, occasionally even in July or Octcoker. Grournd
sampling attempts to document peak standing crop at each site thus, several
sampling dates for each site help insure a better estimate of peak standing
crop con each site. Two to three sampling T‘VLpS have traditionally been
empleyed in the NIIPP zone covering pericds in Auguec, September, and
Occteper. In 1986, there were three sampling trips and four in 1987 (Table
1). In 1987, the Octcber .uwpling was only of selected sites where late
rains were anticipated to have caused additimnal late season pasture growth.

TABLE 1

RAINY SEASON SAMPLING DATES IN 1986 AND 1987

Aug 1-12, 1986 Aug 12-20, 1987
Sep 9-19, 1986 Aug 28-Sep 8, 1987
oct 14-24, 1986 Sep 18-28, 1987

Cct 19-23, 1987

The 1985 NILPP correlations between standing herbage and satellite
reflectance—based vegetation index indicated that a minimm site size of a
100 km? was des:.rable (Wagenaar and de Ridder 1987). Ground standing
herbage estimated .. _*the 1986 and 1987 rainy seasons was cbtained for 23
sites. Each 100 km? site was sampled for standing herbage by sampling
quadrates alcng transects.

In 1986, the sampling scheme involved a 26 km zig-zag transect and two
2 ¥m transects (see Figure 2). The zmaller 2 km transects reflected the
exact sampling scheme employed in 1985. These were maintained to preserve
continuity in the data between 1985 and 1986. These two smaller transects
represent the original site ard the 26 Xm zig-zag transect was added to
cbtain a representative sample from the adjacen: area (the adjacent site),
insuring that the biomass estimate was representative of the 10-by-10 km
site.

1 Maximm and integrated vegetation indices will be explained in the
satellite section of this report.
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FIGURE 2

Ground-based sampilng scheme In 1988

9 ~ ,,*___




2.1.1.1. The original site

The two 2 km transects of the original site had & random locations
along each of the two transects. At each stop 3 plots (0.5 m2) were sampled
with double _,aJmlmg~ which combines ocular estimates with actual measured
plot values (usually producticn). Each plot was ocularly estimated for
percent herbacecus cover and herbaczous productlon in grams Randamly, 1
out of every 10 plots was clipped and air dry weight was obtamed A
linear regression analys*.: was performed between estimated (independent
variaple) and actual air dry plot weights (dependent variable) for each
estimator in each sampling vericd. The improvement concept was used to test
1f the relaticn between estimated and actual air dry weight was ccnsistent
among all sites estimated by the same individual during a sample pericd.
Tests for rpossible differences among sites included dirfferences in both
regression intercepts ard slopes. If a site was found to be significantly
different, then a separate regression was performed for that site. The mean
standing crop for all estimeted values for the original site, corrected by
their respective regressicns, determined the standing herbage estimate for
the original site.
2.1.1.2. The adjacent site

Alorg the 26 km transect, systematic stops were made every 0.3 km and
visual estimates of s*‘andlng herbage were obtained from the wvehicle.
Vehicle-based estimations were for a 10-by-10 m area on the right side of
the vehicle. A randcmly selected sub-sample of these vehicle estimates (10%
of the vehicle estimates) were sampled with plot placements. If a vehicle
estimate was sampled, 9 plots were placed in the 10~ bv-lo m area frcm which
the vehicle-based estimate was made. Each plot (0.5 m") was then samrled
using double sampling.

The 26 lm transect had a total of 90 vehicle-pased estimations, 9 or
which were alsc sampled with plots. The vehicle-based estimations were used
to stratify each site into three groups: low, medium, and high vroduction.
A rrecuency aralysis of the vehicle-based estimates was used to determine
the stratification groups for each site. Rcughly 30% of the vehicle-based
estirates were assigned to both the low and high production greups while the
mecium group received the remainder, usually around 40%. The plots
assoclated with the vehicle-based estimates in each stratification group

2 Deuble samcling 1s a technique used in vegetation sampling (Cook ard
Stubbendieck 1986) which ccmbines visual estinates with actual air dry
welghts. 13 larger mumber of estimated plots are obtained because a minimum
of time 1s required to estimate plot char: :eristics. All the estimated
plot weights can then be corrected to their equivalent air dry weights using
regression analysis on the clipped and estimated plot weights.

3 puring the late August or early September sampling period, percent
composition hy weight of each species in the plot was also estimated in
additicn to cover ard production.



were used to determine production levels for each stratification via double
sampling. The overall average production for each adjacent site was an
average production across the tiwree stratification groups weighted by the
approximate area represented by each stratification group (i.e., the percent
of wehicle-rtasced estimnves falling in each respective group).

-

2.1.1.3. Ccroplete site

The crigiral site rrovided a standing herka age estimate which was
censidered representative of the 10 Xm® surround: g and north of the
origiral site. The adjacent site provided a suabd_nq nerkbage estimate which
representad the remaining S0 km?. The overall site average standing hertage
was the average welighted by areas that the original ard adjacent sites
represented.

ue to koth the camwlexity of the analysis and the lack of
mandemizaticn of the adjacent site's 26 km transect, the 1986 samplirg
crocedures were modified in 1987. After extensive analysis of the 1986 data,
a hlerarchial randemizaticn of transects was chesen for 1287. The coriginal
site was elimirated and the 10 by 10 km site was divided into < equal
quarters zach 3 kY 5 X (see Figure 3). Within each quarter a randcmly
< north-scuth transect was located. Aleng each transect 3 random
ireas were chosen which straddled the transect. These 1 kn® areas were
1xels™ pecause they rresponded To the approximate pixel size Jrom
sataellite data sets which were used in this study. Within each
e were 15 plets sampled with the double sampling technique®. These
; were divided Into three groups or clusters cf 5 plots each.
ite had 4 trarsects, J pixels per transect, 3 clusters per pixel,
s per cluster giving 180 plots per site.

4 pixel (or picture element) is the area on the ground (1.1 by 1.1 km)
represented oy cne NCAA satellite data measurement.

° The selecticn of clipped plots was stoatified into low and high
producticn.  Cne out of five was clipped from the high production plots and
one cut <r <leven was clipped from the low production plots. This was to
insure <that <lipped plots represented the regression all along the
regressicn line. The division between low and hich production was estimated
at the peginning of each site so that rcughly 30% of the estimated weights
would fall In the high production group.



FIGURE 3

1987 SITE SAMPLING SCHEME
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2.2. Results

2.2.1. Double Sampling

The double sampling regressions were used to convert the average
estimated plot weight for a site to equivalent plot air dry weight. Table 2
ard 3 show the adjusted r2 (the percent of the variation in air dry weights
explained by the estimated weights) and the standard error of the
regression. The regression statistics presented in table 2 and 3 are from
the regressicn equations used at each respective site for peak standing crop
determination.

Weighted least squares were employed in regression calculations due to
evidence of heterocgeneity of the variance. Generally, plots with high
bicmass amounts are harder to estimate than plots with low bicmass amounts.
A welghting term of the reciprocal of the plot estimated weight was used.
This made plots with high estimated weights have less weight on the
regression than plots with low estimated weights.



TABLE 2

DOUBLE SAMPLING REGRESSION STATISTIC
FOR 1987 PEAK STANDING CRCP AT EACH SITE
EXCIUDING COCICBER SAMPLINGS

G/0.5m?
REGRESSION ANJUSTED R ST. FRROR  WEIGHTED
Early Sep. 87
Northern team
site 13 .77 5.2 no
Southern team
site 23 66 2.0 ves
sites 21,24,25,34 c2 1.3 yes
Late Sep. 87
Northern team
site 16 .90 1.3 yes
site 26 .86 1.4 yes
site 32 .93 0.5 yves
sites 12,14,15
17,19,20,33 .87 1.4 yes
Scuthern team
site 6 .72 0.9 ves
sites 3,4,5,7,18 .82 1.0 yes



TABIE 3

DOUBLE SAMPILING REGRESSICN STATISTICS
FOR 1986 PEAK STANDING CROF AT EACH SITE

REGRESSICN ALULSIEQ_Bg ST. ERROR  WEIGHTED
Aug.
northern team
site 15 .96 6.2 no
site 32 .93 7.7 no
Sept.
northern team
site 12 .68 2.7 yes
site 13 .80 1.2 yes
site 17 .77 1.6 yes
site 19 .64 2.1 yes
southern +team
site 4 .53 2.1 yes
site 21 .75 1.9 yes
site 23 .47 3.0 yes
site 34 .75 1.5 yes
sites 3,6,24,25 .75 1.5 yes
Oct.
ncrthern team
site 20 .95 1.8 yes
site 26 .58 2.5 ves
sites 11,14,16,33 .81 1.8 ves
southern team
site 7 .73 3.2 ves
sites 5,28,25 .82 2.1 yes

2.2.2. Standing herkbage estimates

The average standing herbage estimates for the sites in 198€ and 1987
are presented in Tables 4 and 5. The 1986 means changed substantially on
scme sites from the values reported in the 1986 early warning system revort
(Wylie 1586) Lkecause the inalysis procedures were different. For the 1986
report, a vehlcle-pased estimate to cluster average plot weight regression
was used. In the 1987 analysis, the vehicle-based estimates were used to
stratify each site into three groups. The stratification proceduie was
generally considered the more appropriate analysis.
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These standing herbage =stimates were then paired with the respec-

tive satellite-based NDVI indices for regressicon analysis.

The next section

describes how the satellite-based NDVI indices for each site were computed.

TABLE
STANDING HERBAGE ESTIMATES FOR EACH
SITE IN 1986%*
PEAK
SITE ACG 36 SEP_36 cCT 86 1986
3 563 3816 266 816
4 664 860 167 860
5 283 279 480 480
6 446 545 412 545
7 281 357 370 370
12 62 356 295 356
13 86 267 202 267
14 67 151 245 245
15 52 227 260 629
16 370 424 876 876
17 335 1194 1060 1,194
18 430 885 943 943
19 88 365 365 365
20 506 622 924 924
21 1112 1610 86l 1,610
23 746 885 806 885
24 334 171 582 771
25 328 405 460 460
26 1107 611 1162 1,162
32 432 389 246 433
33 580 527 1544 1,544
34 503 1468 843 1,468



TABLE 5

STANDING HERBAGE VALIJES* AS THEY CHANGED THROUGHOUT THE 1987

RATNY SEASON

EARLY IATE PEAK

SITE AUG 87 SEP 87 SEP 87 CCT 87 87
3 34 114 192 318 318
4 23 162 267 267
5 46 60 o3 217 217
6 35 92 110 301 301
7 26 27 61 138 188
12 0 7 27 27
13 44 37 44
14 0 7 28 28
15 0 9 50 50
16 42 212 701 701
17 113 474 1,003 1003
18 25 93 240 404 404
19 7 194 323 323
20 64 191 287 287
21 445 916 680 916
23 548 1948 956 1486 1948
24 137 588 273 588
25 116 524 409 524
26 116 109 319 319
32 9 24 143 194 194
33 53 28 69 69
34 <02 697 501 697

* Blank values indicate sites which were not sampled.

3. SATELILITE
3.1 Methcds

The satellite selected for pasture assessment in the Sahel was the NOAA
meteorclcogical satellite. This polar orbiting satellite gives a high
temporal frequency of satellite coverage which is needed to monitor the
dynamic Sahelian vegetation during the short 3-4 month rainy season. Higher
frequency of satellite coverage also allows effective ramoval of cloud cover
by overlrying (compositing) satellite coverage from previous anc/or later
dates. The NOAA satellite has the Advanced Very High Resolution Padicreter
(AVHRR) con board which monitors reflectance in the visible (Channel 1),
near-infrared (Channel 2), mid-infrared (Channel 2), and thermzl (Channels 4
and 5) bands. The highest resolution provided by AVHRR is Iocal Area
Coverage (LAC) where the instantanecus field of view (pixel) corresponds to

12



a 1.1 by 1.1 xm box on the groud at nadir. This resolution appears to be
adecuate for a Niger pasture assessment early warnirg system. This
relatively ccaisz resolution® means smaller satellite data sets for a given
regicn, thus naking satellite data ennlysis for the entire countxy of Niger
manaceable. The NCAA satellite dava sets provide low cost coverage and
relatively fast delivery time to the user. A receiving station for the NORA
satellites is being installed at Niamey's AGRHYMET center. Thisz will
further facilitate a timely and cost effective satellite dat. source for
Niger and cther Sahelian countries.

During the weex »f February 15th the NMSU technical assistance members
visited C.J. Tucker, ¢.0. Justice, and 3.D. Prince at the Lakoratory fer
Terrestrial Physics, MNASA/Coddard Space Flight Center, Marvland. The
cbject of this visit was to review NILP pro’ t activities, discuss future
research chbjectives, accuire 1986 and 1987 AVHERR data sets for the project
zone, ard conduct prelimirary analysis of the IAC data sets for the NILPP
zone.

lased on corsultations with Tucker, Justice and Prince, the decision
was mada <o base nastors’ assessment on the Normalized Difference Vegetaticon
Index (NDVI). Though ..r preliminary report (Wylie et al., 1287) proposed
the use of & solls background calibration and perpendicular vegetaticn
indices, it was felt that NDVI was reliable, simple, and widely used.
Therefcre, NDVI appeared to ke the most appropriate for an applicaticn
oriented early vwariing system.

NDVI, which can be thought of as a '"greenness" index, capitalizes on
the stroryy absorption of visible light (particularly light in the red
wavelengths) and streng reflectance of .ight in the near infrared by
actively grcwing vegetaticn. he formula for NDVI is:

infrared - visible Channel 2 - Channel 1
NOVI = - or NDVI =
infrared + visible Channrel 2 + Channel 1

NDVI values range from -i to +1. Clouds and water have negative NDVI v .2s,
kar~ ground and rock have NDVI values near zero, and increasing vegetation
giv .. ircreasing NDVI over and above zero. NDVI tends to compensate for
charging illumination corditions, terrain irreqularities, and variation in
viewing angles (Matson and Parmenter-Holt 1985) .

Research has shown that plant production can be correlated with maximum
NDVI (the highest NDVI value found for each pixel location throughout the
growirg season) and integrated NDVI (averaged NDVI across the growing
seascn welghted by the time interval each NDVI value represents) (Tucker et
al. 1985, Wagenaar and de Ridder 19¢7, Hiernaux and Justice 1986, Goward et
al. 19g€3).

The preliminary analysis of the AVHRR data sets employed a thermal
cloud mask (Chanrel 5) to identify cloud cover. AVHRR data can be matched
to ground lccations based on satellite tracking data. An individual pixel

5 Cther satellites wzh as landsat ™ and Spot have better spatial
resolutions; 30 by 30 m and 10 by 10 m respectively.
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may pbe Ooff in actual location by as much as 5-1C kms. Super registration
impr-wes this geographic positicn to within 1-2  kms. After super
registration, satellite coverages were composited in 2 - 8 day pericds.
Campositirg selects the highest NDVI value at each pixel location over the
composite period, This technique minimizes cloud centamination, shadow
effects, off nadir viewing effects, directional reflectance, and aerosol and
water-vapor effects (Hoiben 1986).

A 9 by 9 pixel box (9.9 by 9.9 km; centered on the iest estimate of the
legal description of each ground truth site or ground data collection site
was generated for each compesite pericd. The mean NDVI and the standard
deviaticn were generated for each site and each composite period.

3.2 Results
The dates of the camposite periods in 1986 and 1987 are presented in
Table 6. Octoker 1986 satellite data were not available due to a
lfunction on board the satelliie.
TARIE 6

OMPOSITE DATES FOR 1586 AND 1987 SATELITTE DATA SETS

1987 1986
07-Jul - 13-Jul 06~Jul - 09-Jul
15-Jul - 16-Jul 12 Jul - 18-Jul
19-Jul - 25-Jul 23-Jul - 27-Jul
30Jul - 02~Aug 0l-sug - 05-Aug
08-Aug - ll-Aug 12-Aug -~ 16-Aug
le-Aug - 22-Aug 20-Aug - 22-Aug
26-2ug - 28-Aug 25-Aug -~ 26-Aug
06-Zep -~ 13-Sep 31 Aug - 03-Sep
17-Sep ~ 19-Sep 12-Sep ~ 13-Sep
22-Sep - 25-Sep 16-Sep - 19-Sep
02-Cct ~ 07-0Oct 26-Sep - 02-Oct
14-Oct: - 21-Cct 02-Nov - 02-Nov

30-Cct - 08-Nov

Average NDVI values for each 5.9 by 9.9 km site from these composite
dates were used to calculate meximm ard integrated NDVI. Maximm and
integrated NDVI were then used in conjunction with site standing herbage in
the following section in an ottempt to acquire a calibration formula which
would ceonvert NDVI co standing herbace.

Contacts were made with other institutiorns involved in remote sensing
in the Sahel tc exchange information concerning activities and objectives.
Work accomplished with MASA/Geddard in February consisted of satellite data
acquisition, satellite analysis, and pruoject briefing. Collaborative work
was also done with NASA/Goddard tc compare standing herbage-NDVI
relationships throughout the Sahel (Prince 1988a). In March, contact was
made with Dr. Charles Hutchinson of the Arircna Remcte Sensing Center at the

14



office of Arid lands Studies to present the project's early warning system
activitiss for inclusion in technical reviews of Sahelian early warning
systems. DOr. Gary Jonnscr (NOAA/University of Columbia, Mo.) visited NMSTT
in 2April to present the remote sensing capabilities at Niamey's regioral
AGRHYMET center. In May, participant trainees received training using the
Earth Rescurces Data Analysis System (ERDAS) digitizer at the University of
Hebraska's Advanced Iard Management Information Technologies Department and
the geograrhic location of each Arrorndissement boundary lccation in Niger
was saved to diskettes for future project use. rurther contact with
NaSA/Goddard  in June allowed additional satellite data acquisiticn amd
satellite analysis for the participant trainees.

The ERDAS hardware and software satellite analysis system was selected
and acquired for project use. ERCAS is microcamputer-based and has analysis
capabilities required for !NDVI generation, campositing and registration. In
additicn, modules for reading of satellite data tapes and color nap output
were purchased. The remcte sensing specialist received a three day trainirg
course cn the use of ERDAS. The remote sensing specialist subsequently gave
a two weel tralning program to the participant trainees on the basic use of
ERPAS and the specific tasks required by the project.

. CCMBINDNG STANDING HERBAGE AND SATEIIITE NDVI
4.1. Methods

In the standing herbage secticn of this report it was stated that the
cbjective of the ground sampling was to cbtain an estimate of peak standing
crop at each site. This was because maximized or time integrated satellite
vegetation indices are functionally related to total standing herbage on a
site during the rainy season (Tucker and Sellers 1986). Peak standing crop
is our best estimate of total rainy season production at a site. Therefore,
the ‘-=gressicns presented here use maximmm standing heriage found at each
site throughcut the rainy season as the staiding herbage estimate.

There 15 same debate among remcte sensing scientists as to which
variable shculd ke the deperdent variable in a regression analysis; the
satellite vegetation index or standing herbage (Curran and Hay 1986, Prince
1988b, and Wagenaar and de Ridder 1987). The fact that standing herbage
drives or determines the satellite reflectance-based vegetation indices (and
not vice-versa) suggests that the satellite vegetation index should ke the
dependent variable (Southward and Clason 1988%). This dependent variable
determination via the underlying functicnal relationship should override
dependent variable selection based on merely the magnitude of the errors
terms assoclated with standing herbage and the normalized difference
vioataticn index values. Currently, work is being conducted to investigate
ar errors-in-var:iables regress.on approach to replace standard regression
techniques when using ground-based irformation to "calibrate" satellite data
values (Southward and Clason, l988b). In this report, satellite vegetation
indices will be treated as the dependent variable and standing herbage as
the irndeperdent variable in regression analysis due to their functional
relationship. Inverse predictions (Meter et al. 1983, p. 172) from the
regressicn were used to calibrate satellite vegetation irdices to standing
herkage.
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The location of scme of the sites were changed between 1986 and 1987.
All satellite data values for 986 and 1987 are for the 1987 site locations.
The site location changes were greatest for site 7 ard 23 which were moved
up to 5 kms. Preliminary analysis cf the 1986 data sets showed that site 23
was an outlier, not supporting the trend displayed by the other sites. Thus
site 23 was removed from the 1986 analysis until satellite values can be

cbtained for the 1986 site locations.
4.2. Results

4.2.1. Maximm NDVI

Maximm NDVI, as explained in the satellite section of this report, is
the highest NDVI (or "greenness'") value recorded for a given location
(usually by pixel) over a period of time. The peak NDVI values for each
location should be strongly correlated to peak standing herbage. Figures 4
and 5 show the different regressions obtained for maximum NDVI in 1986 and
1987. Table 7 shcws the 95% confidence intervals for the regression
coefficients and the standard errur of the regressions. The y intercept's
95% confidence intervals have considerable cverlap but the 95% confiderce
intervals for the slopes barely overlap. The respective estimates for the
slepe in 1986 and 1987 do not fall within the 1987 and 1986 ccnfidence
intervals. Figures 6 and 7 are color maps of maximum NDVI for the 1586 and

1987 rainy seascns.
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FIGURE 5

1887 MAXIMUM NDVI - BIOMASS REGRESSION
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TABLE 7
1986 AND 1987 REGRESSICN OOEFFICIENTS, 95% CONFIDENCE
INTERVALS, AND STANDARD ERRCORS OF REGRESSICON FOR
MAXIMUM NDVI-Standing herbage REGRESSTIONS
REGRESSICN
STATISTIC YEAR LOWER LIMIT ESTIMATE CUPFPER LIMIT
Intercept 1986 0.04105 0.06211 0.08317
1987 0.05203 0.05741 0.06280
Slcpe 1986 0.00003 0.00007 0.00010
1987 0.00009 0.00012 0.00015
Standard 1986 0.000995
Error 1987 0.001009
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4.2.2. Integrated NDVI

The intecrated NDVI is the average NDVI for the growing seascn with
each NOVI value throughout the growing season being weighted for the time
interval It represents. Integrated NDVI is a time incegrated average
"greerress'" value for the entire growing season which shculd ke strongly
correlated with total plant production during the same period. The
integration pericd begins at minimaon NDVI. The drcp in NLCVI in the
Leginning of the growing seascn is probably related to an increase in
humidity (Holken 1287) but has be assumed to be the time of plant emergence

(Chanzy  1987). The terminaticn of <he integraticn was the Jare the
resrective site was sampled in late september as NDVI can be artificially

nigh in low humidity corditicns in the late rainy season.
The regressicn ecquations for integrated NDVI in 1985 and 1937 are
esenel In Figures 3 and 9. Table 8 presents the 953 confidence intervais
the v Intercept ard the slcpes and the standard error of the regressicn.
20 ard 1l are color maps of the intergrated MNIVI for the 19586 ard
1Ny seasons.

o]
H

v

[ SRS B R 3t
-0

4 s
i

AT

o

SO RN
[ss )]
~1]

FIGURE 3

1886 RCZORESSION BETWEEN INTEGRATED NDVI
AND BIOMASS INCLUDING THE 3RD SAMPIING

04 e
a
Y = 0.045602 + (0.000040 ¥ blomass)

aJ2

IO RV

a

adlusted r squera ~ 057

on - wolghted least squares
- ol - I
> !
Q
; 000 -
"L;.) 005 - a !
- ! /‘ l
E - . g 2
o.a7 ® oag |
o i
000 - T '
N a
|
68 - ;
o} |
004 - o ;
g i
003 - T T : T T T T T ‘ T 7 ! '
a2 04 0.0 048 ! ‘2 14 18

(Thousands)
EIOMASS (kq/ha)

20



FIGURE 9

1887 INTEOGRATED NDVI — BIOMASS
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TARIE 8
1986 AND 1987 REGRESSION QOEFFICIENTS, 95% QCNFIDENCE
INTERVALS, AND STAJDARD FRRORS COF REGRESSION FOR
INTEGRATED NDVI-STANDING FERBRAGE REGRESSIONS
REGRESSION
STATISTIC YEAR [CWER I2MIT ESTHMATE UPPER LIMIT
Intercept 1986 J.03300 0.04566 0.05832
1987 0.03190 0.03525 0.C" "6l
Slope 1986 0.00002 0.00004 C.00006
1987 0.00005 0.00006 0.00008
Standard 1986 0.000598
Error 1987 0.000622
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Even though the confidence intervals for y intercepts and the slcres
for 1986 and 1287 overlap, thils dces not necessarily imply that there was no
difference between years. A formal statistical test was condiucted to test
simultanecusly for pessible differences in the intercepts and slopes among
vears using the Lmprovement concert. A slgnificance level of 90% was used
to avoid makiry a Tyre II error i.e., combining or pooling the two
regressicns when they really were dirferent). The test showed that the
difference latween vears was not significant at the 90% level of confidence
and that the2 regressions cculd be cambined. The pooled regression for 1986
and 12987 was:

o) - N -
< = 0,78 standard error = 0.000620 n = 44

However, we were reluctant to ccombine the regressions. Qur consensus
was that the 15386 and 1987 regressicns had adecuate degrees of freedom to
establish the relatliorzhips each year.

1.3. Discussicn

The oenparison of e maximm and integrated regressions cannct be done
using the adiusted r< statistic alcre (Figures 4,5,56, and 7). Re is the
percent of the varlability in the dependent variable explained by the
regression ecuaticn and the indeperdent variable. aAdjusted r¢ is merely a
correcticn applled to canpensate for a varying number of regresscors used i
the model. R can give misleadirg results and should be interpretzd with
caution. A more relliable compariscn statistic would ke the standard ervor
of the regression with small standard errors teing desirable (Takles 7 and
38). However, since the maximum and integrated vegetaticon index models use
diZferent deperdent variables, it is difficult tc compare the standard

errcrs of <the different regressions. Because maximized variables have
vecullar characteristics which often preclude them from a normal
distriputicn, they should he avoided when possible. Thus, average

intecrated NDVI was the preferred vegetation index when compared with
maximan NOVI.

Using the integratad NDVI to standing hexbage 1987 regressicn, we
tested for vossibile differences in regression intercepts and slopes among
ecoloylcal units. The sites were classified into six different ecological
classifications based con landform and soil types:

a

=Tchin Tazaradin dunes
=North stabilized dunes
=Mived rocky

4=Tadress plateau
5=Southern stabilized dunes
6=Tadress/stavilized dunes

[P W S

None of these ecological greups had significantly different slopes or
intercepts.
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Fmploving the integratad MNDVI as the deperdent variable in the
regression’ scmewhat compliceates the task of "calibrating" the satellite to
kg/ha of standing herbage. The task 1is accamplished via inverse
predicticns (MNeter et al. 1983, p. 172). Figures 12 and 13 shew the inverse
predicticn models for 1986 and 1987 anu their approximate 95% confidence
hmaﬁwsthrpmﬁktﬁmsofm@mxmhms(e&y,awaaﬁfxmﬁhn!mﬁwqaby
Arrcrdissement). ‘these confidence intervals do not take into account error
terms assoclated with the standing herbage estimnated at each site but
censider these values to be fixed. From Figures 12 and 12 it appears that a
satellite starding herkage map could effectively distinguish production
classes in increments of abcut 40C Kg/ha.

FIGURE 12

1888 INVERSE PREDICTIONS FOR INTEGRATED
NDVI AND PASTURE PRODUCTION
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7 see section 4.1 for an explanation as to why NDVI was selected as the
dependent variable.
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FIGURE 13

1887 INTEGRATED NDVI = BIOMASS
REGRESSION INVERSE PREDICTIONS
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Many individuals in remote sensing have made statements that the
reliability cf NDVI Jeteriorates at lcw standing herbage levels due, in
part, to an increase in htare scoil reflectance variation (de Wispelaere et
al. 1935, Haas 1986, Tuciker et al. 1985). However, our regressions shcwed
no visikle Iincrease in the point scatter kelow 300-400 kg/ha. In fact,
since we used a weighted least sguares analysis we assumed low starnding
nerbage estimates to ke more precise than high stardding herbage estimates.

If irdesd the NDVI-standing herbage relationship was weaker at low
standing herbace lavels, one would expect variation 1in intercept
coefficients. This was not the case in this study for elther maximum or
integrated NCVI in 1986 and 1987. There appeared to be more variation in
the slcpes ketween years than intercepts. Similar results were found by
Prince {1985a) when he compared our results with similar work in Senegal and
Mali. This may be indicating that NWI is an adequate estimator of low
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standing herbage levels.
The integrated NDVI-based standing herbage maps for 1986 and 1987 for

the project zone were not completed at the time of the writing of this
report, though coler irtegrated NDVI maps not calibrated to standing herbage
were produced (Figures 10 and 11). Thus, we cannot provided an update of
the available pasture at the end of the 1987 and 1986 rainy seasors. This
will be accomplished in the near future to improve the between year
campariscns that may be made. As poinued out earlier the 1986 standing
herbace estimates changed from che estimates provided in the 1986 Early
Werning System report ‘Wylie 1986) because of modifications in the analysis
procedures. Table ¢ .ncws camparisons between vears in the project zone
from 1984-1987 with the modified 1986 values.

TZ?3LE S

STANDING HERBAGE (kg/ha) AS IT VARIED BEIWEEN Y:ARS
IN THE NIIPP ZONE

198435 19854@ 19864 1987@

North 8 290 523 144
South 32 767 921 613
Average 20 529 722 379

¥ Based on ground sampling only.
@ Based on satellite values calikrated via ground
sampling.

4.4. Coarse resolution satellite NIDVI

The regional AGRHYMET station in Niamey has been working with the
University of Missouri in developing regicral NDVI maps for the entire
Sahel. Due to the vast region covered, NOAA szatellite information was
condensed into average values for very coarse resolution product (i.e., 1°
longitude ard 0.5° latitude). This information is routinely available at
AGRHYMET. Through collaborative work with Dr. Gary Johnson (NOAA/University
of Missocuri-Columbia) we were able to compare average standing herbage in
11 of these cells against integrated NDVI in 1987.

Standirg herbage estimates for a particular cell were based on 1 to 3
sites per cell. The NDVI integration period began with minimm weekly NDVI
for the respective grid c2ll and ended during the last week of September. A
weighted least squares model was used to conform with previous analyses
conducted in this report although the non-weic zed model had a higher
adjusted r. The welghted regression had an adjusted r¢ of 0.55. Other
regressicn statistics are presented in Table 10. The slope and the standard
error appear similar to the integrated NDVI-standing herbage regression by
site presented in Table 8. However, the intercept appears to be lower when
the coarse resolution satellite information is used.
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TABLE 10

1587 REGRESSION COEFFICIENTS, 95% (ONFIDENCE
INTERVALS, AND STANDARD ERRORS OF REGRESSION FOR
INTEGRATED NDVI CCARSE RESOILTICN-STANDING HERBAGE REGRESSIONS

REGRESSION

STATISTIC YEAR LOWER LIMIT ESTIMATE UPPER IIMIT
Intercept 1987 0.01587 0.02248 0.02909
Slope 1987 0.00001 0.00004 0.00006
Standard

Error 1987 0.000656

. SAMPLING RECOMMENDATIONS FOR 1988

m

.1. Site size

w

Jne of the major time and cost factors ‘rvolved in developing a
satcllite-based standing herbage map is the collection of standing herbage
zstimates from 20 or more 100 kn? sites on the ground several times
throughout the rainy season. Previous recommendations for using the NOAA
satellites were that the minimm site size needed was 100 km2 (Wagenaar and
de Ridder 1587). We designed a study to see if the modificaticon in standing
herbage sampling and improved satellite geographic registration would allow
a smaller site size.

At the time this study was conducted integrated NDVI had not been
selected as the preferred vegetation index. As a consequence, this study
was based on maximum NDVI, not integrated NDVI The NDVI values used in
these analyses were NDVI converted to counts® so these regressions used a
different NDVI scale than the previous analyses. Regression analyses were
non-weighted least squares analyses and standing herbage was peak rainy
season standing herbage. The use of NDVI counts and non-weighted
regressions camplicates comparisons with the previous regressions, but
camparisons can be made between the various vegressions within this study.
This study was conducted on the 1987 satellite and standi.:y herbage data
sets conly.

The 10 by 10 m sites were divided into northern and southern halves,
each 5 by 10 kms. Peak standing herbage and maximum NDVI were determined
for each half site. The northern and southern half sites were then further
divided into cquarter sites each, 5 by 5 kms. Due to the hierarchical
randomization of the standing herbage (Figure 3) biomass detarmination for

8 A NDVI count is the rescaling of NDVI from -1 to +1 to the rescaled
value of 0 to 1024. This rescaling allows more efficient storage on magnetic
media.
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half and cuarter sites was relatively straightforward. The appropriate
double sampling regressions were used to convert average estimated plot
weights by half and quarter_ sites to their equivalent air dry weights. The
number of estimated 0.5 m¢ plots used in the full, half, and quarter
standing ' orbage estimated average was 180, 90, and 45 respectively.

The .oximIn NDVI was determined for each site among the composite
pericds excluding dates after September 30. The satellite data from the
date when maximum NDVT occurred cn each respective site consisted of a 9 by
9 data matrix with each data value (or pixel) representing 1.1 by 1.1 Xm on
the ground. Thus the satellite samplad a 9.9 by 5.9 km site. The division
into half sites was dcne by discarding the Sth row. Thus half sites were 4
by 9 pixels or 4.4 by 9.9 kms. Similarly, the division into quarters was
done by the elimination of the 5th column. This made the quarter sites a 4
by 4 pixel repressncation or 4.4 by 4.4 km en the ground.

Peak standing herbage for the respective site halves and quarters was
paired with respective maximum NDVI values. The site halves were randomly
assigred from each site into two groups. Simila:ly, the site quarters were
randemly assigned fram each site into four qroups.

Separate regressions were *then conducted for the full sites and each
random site half and quarter grouprs. Regression statistics for - ich of these
regressions are presented in table 11. The y intercept confidence intervals
are in gereral agreement with "ne full site confidence intervals. The
slope, however, has scme variatic:. with smaller site sizes when compared to
the slope confidence intervals for the full site. In particular, the quarter
rardemization one seems low and its confidence interval for the slope does
rot overlap the confidence interval of the full site slcp2. This variation
in the slcpe for gquarter rardomization one may be a factor of the
randemization pattern. In general, the slopes apnzar to be scmewhat similar.
The standard error of the regression, though smallest for the complete site,
was relatively unchanced with variation in site size. Our conclusion was
that by reducing the site size to 5-by-5 km we would conpromise some of the
accuracy in the standing herbage-NDVI relationship. However, the smaller
site size will allow more sites to be sampled. We felt the accuracy gained
by an increased number of sites was greater than the small amcunt of
accuracy lost by reducing the site size to S-by=-5 kms. Using three ground
crews we horce to be able to sample around 36 sites per 10 day sampling
periocu. This would mean that each crew would sample 12 sites in a ten-day
pericd.
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TABLE 11

PEAK STANDING HYRBAGE-MAXIMUM NDVI
REGRESSICN STATISTICS FOR 1987

N=22

SITE Y INTERCEPT SIOPE STANDARD
SIZE 95% CONFIDENCE ITIMITS $5% CONFIDENCE LIMITS ERROR
UL 533.9 - 543.5 0.055 - 0.071 8.1
HATF=1 328.5 - 543.4 0.057 - 0.084 11.9
HATF %2 337.7 - 348.0 0.043 - 0.0=9 9.2
CUARTER#1 3528.4 554.8 0.026 -~ 0.049 15.4

ARTER#2 333.5 —~ 548.5 0.050 - 0.076 13.0
CQUARTER3 331.1 - 545.6 0.046 - 0.071 11.9
CUARTER#4 50.0.4 - 546.6 0.057 - 0.086 13.6

5.2. 1988 rromosed sampling scheme

Sampling within the 5 by 5 km site has been proposed to consist of two
randamly placed ncrth-scuth transects (figure 10). Along each of the 5 km
long north-south transects, four randam pixels (roughly 1 km? in size) will
be sampled. Each pixel will be sampled with two clusters or groups of plots.
Each cluster of plots will have five plots. The plot size will be 0.5 m? and
will be sampled using the double sampling procedure which ccmbines
estimated plot values with actual clipped values. The total number of
estimated plots per site will be 80. The site size determinaticn standing
herbage escimates for the 5 by 5 km areas were based on 45 plo's in 1987.
We nope to regain scme of the accuracy lost by reducing site size by neawl
doubling the ground sampling of the smaller sites in 1988.
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FIGURE 14

PROPOSED 1888 SAMPLING SCHEME FOR
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The selection of clipped plots will be similar to the 1987 methods with
the addition of the clipping of one randomly chosen cluster of 5 plots. This
is needed to determine if the utilization of an errors-in-variable model
will improve satellite calibration. The relationsaip between variation of
estimated plots within a cluster and the variation of clipped plots within
a cluster has to be documented in order to test the errors-in-variables
model. Thus, the total number of clipped plots per site would be:

i
[O2 e o)

10% of 80 total plots clipped at random
1 random cluster clipped

total of plots clipped per site = 13
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The extension cof the standing herbage satellite assessment to a
naticnal level will require additional sites to be established both co the
east and west of the NILP project ccne. 3Site selection will ke for 3-4

rorthern sites with 1ow standing herbage potentials and the remaining sites
would ze in hizh =0 moderate standing heriage regicns. Landsat TM images?
will be emplcved 1 rropcsing new site locaticns.

For an asseszment or the nraticnal pastoral zorne, 36 sltes nave been
croposed for the 1988 rainy seascn. The liger Centre-Est project zone (NCE)
will have 12 sites and the Sud-Temesna project zore will have 3 sites. The
remainder of the sites (Z1) will ke in the NILPP zore. Truse 26 sites will
be sampled In 1383 by 3 crews, 2

[

basad in Tahoua and ! based in Zirder.

- The landsat thematic mapper (TM) has a ground resolution of 30 by 30
m. The high resolution and the subsequent high satellite data volumes
combined with a lcwer frequency of passage (every 16 days) make landsat
undesirable for a pasture producticn drcought early wAarning system.
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