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1.0 INTRODUCTION

LACIE using techniques developed from the southern Great Plains

* drought analysis indicated the potential for drought damage in South

Dakota in early May 1976. This potential was monitored throughout
May and as it became apparent that a drought was developing, LACIE
implemented some of the procedures used in the southern Great Plains
drought.

The technical approach used in South Dakota involved the ncrmal
use of LACIE sample segments (5 x 6 nm) every 18 days. Full frame
color transparencies (100 x 100 nm) were used on § day intervals to
identify the drought area and to track overtime. The green index
number (GIN) developed using the Kauth transformation was computed faor
all South Dakota segments and selected North Dakota segments. A
scheme for classifying segmenis as drought affected or not affected was
devised and tested on all available 1975 and 1976 South Dakota data. |
Yield model simulations were run for all CRD's in South Dakota. This is
the second of three reports on the 1976 droughts in the U.S. Great Plains
and summarizes the results of the LACIE drought analysis for the drought
in South Dakota.
1.1 OBJECTIVES

The objectives of monitoring the South Dakota drought in real time
were to determine the extent of the drought, to determine the effect
upon acreage, yield and production of wheat and to improve procedures
developed in the southern Great Plains for monitoring drought using

remote sensing based criteria.



1.2 HISTORY OF SQUTH DAKOTA DROUGHT

The 1976 South Dakota drought goes back to the summer of
1975 when subsoil moisture was not fully recharged. Precipitation was
adequate for winter wheat from emergence to greening up in spring.
Spring wheat had adequate moisture for planting, emergence, and greening
up. The crop was in fair shape through April 1976, If May rains had
occurred, the wheat crop probably would have been developed normally.
Under normal conditions with adequate subsoil moisture, the Tack of May
precipitaticn would not have been & serious factor. May precipitation
(Table 1) was considerably below normal for CRD (Crop Reporting Districts)
in the central and northeastern parts of the state. It was reported in
the Southern Great Plains analysis (LACIE 00424) that a 30 percent of
noymal precipitation for one month may be the flag necessary to evaluate
the potential for drought. This has been proven to be the case in South
Dakota. The CRD's that were as Tow as 30 percent of normal precipitation
for May were the CRD's where the most severe drought damage occurred, as
will be reported on Tater in this report.

2.0 AREAL EXTENT OF DROUGHT

The areal extent of the drought was determined using full-frame
color infrared transparencies (figure 1). This extent was determined
by monitoring full frame images from April 18, 1976, until harvest of
the wheat by comparing 1976 full frame to past years of essentially the

same date when available and also to previous 9-day acquisitions.



TABLE 1

SOUTH DAKOTA MAY PRECIPITATION STATISTICS

ACTUAL(1976) NORMAL % OF NORMAL
(INCHES) {INCHES)

CRD 10

Northwest 1.30 2.48 52
CRD 20

North Central .80 2.60 3]
CRD 30

Northeast .70 2.82 2b
CRD 40

West Central 2.75 2.91 g4
CRD 50

Central .80 2.68 30
CRD 60

East Central .70 2.94 24
CRD 70

Southwest 2.00 2.91 69
CRD 80

South Central 1.00 3.05 33
CRD g0

South East 1.90 3.23 59
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2.0 AFFECTED AREA

The initial drought affected area was determined, from full frame,
to be Tocated within the state of South Dakota. From April 18, 1976, to
June 1976, the area appeared to be deteriorating some, but the full frame
signature did not show severe damage. The June 11-13 overpass did, however,
show drought damage. A June 13, 1976 image shows part of the area affected
by drought (figure 2}. The southern part of the full frame shows the lack
of red signature associated with healthy vegetation. This area should have
the same signatures as the upper half of the frame. The affected area on
June 11-13, 1976 was located in the central and eastern part of South
Dakota (figure 3). The June 20-23 overpass was cloud covered. By June 29-
July 2, 1976 the area affected by drought had expanded but was stiil
contained within South Dakota (figure 4). The July 9, 1976 Landsat image
(figure 5) shows the southern 1imit of 'drought damage. The lack of red
signature is readily visible in the upper part of the image. The July 10,
1976 Landsat image (figure 6) shows the wastern edge of drought damage.
The lack of red signatures is visible in the right side of the image.
The 1eft side of the image contains red signatures especially in natural
drainage ways. During this overpass, the drought area was subjectively
rated as having severe and moderate drought damaga. The areal extent
of the drought during 8-11 July is shown in figure 7, This areal extent
had not changed with the 17-20 July overpass.

In most cases the boundary between drought and non-drought was a

fairly defined boundary. QOutside the drought area., the vegetation
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Figure 1.

Location of full frame center points, sample segments, and
Crop Reporting Districts used in South Dakota drought analysis.
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Northern edge of drought in South Dakota on Landsat
image 2508-16425 acquired June 13, 1976.

Figure 2.
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Figure 3.

Drought affected area in South Dakota as determined from
Landsat full frame imagery for June 11-14, 1976.
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Figure 4.

Drought affected area in South Dakota as determined from
Landsat full frame imagery for June 29 - July 2, 1976.
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Figure 5.

Southern edge of drought on Landsat image 5447-16083
acquired July 9, 1976.
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Figure 6. Western edge of drought on Landsat ima
acquired July 10, 1976.
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appeared to be healthy. The signatures were not as pronounced as in
past years, but appeared to be adequate for the maturing of wheat.
The hardest hit area was CRD 50 located in the center of the state.
Crop Reporting Districts 20, 30, 40, 80, and 60 also had areas that
received damage.

2.2 CRITERIA FOR EVALUATING AREAL DELINEATIONS

The areal extent determined from Landsat full frame color images
were evaluated by comparing against the Crop Moisture Index. The
Crop Moisture Index is developed each week by the National Weather
Service, NOAA. The CMI from May 1, 1976 to July 10, 1976 (figures 8 -17)
shows the steady decrease in the moisture available to growing crops.
The CMI through May (figures 8-12) shows the lack of precipitation during
May. By Jdune 5, 1976(figure 13), the CMI in South Dakota dropped to
-2, or abnormalily dry, prospects deteriorating. The June 12, 1976
CMI {figure 14) has decreased to -3. This was reflected in the full | f
framz analysis (figure 3, p. 7). The CMI for July 3, 1976
(figure 15) and full frame analysis for June 29-July 3 (figure 4, p.8)
have a good correlation. The CMI for July 10, 1976 (figure 16)
and the full frame analysis for July 8-11 (figure 7) agrees if the -3
line is used from the CMI for comparison in South Dakota. However,
the full frame analysis showed an area in south central North Dakota
that was drought stricken during this time. The CMI had this area
in the eastern corner of the state, The full frame analysis on

July 17-20 (figure 7) showed that the drought area remained stable.
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The Crop Moisture Indeax measures the degree to which
moisture requirements of growing crops werc met during
the previous week. The index is computed from average
weekly values of temperature and precipitation. These
values are used to calculate the poteantial moisture de-
mand, Taking into account the previous soil moisture
condition and current rainfall, the actual moisture loss
is determined.

1f the potential moisture demand, or potential evapo-
transpiration, exceeds available moisture supplies, actual
evapotranspiration is reduced and the CNI gives a negative

UNSHADED AREAS: INDEX DECREASED
ABOVE 3.0 SOME-DRYING BUT STILL EXCESSIVELY WET

2.0 to 3.0 MORE DRY WEATHER NEFEDELD. WORK DELLAYED
1.0 to 2.0 FAVORABLE, EXCE®T STILL TCO WET IN SPOTS
0 to 1.0 FAVORABLE FOR NORMAL GROWTH AND FIELDWORK
0 to -1.0 TOPSOIL MOISTURE SHORT, GERMINATION SLOW
=1.0 to  -2.0 ABNORMALLY DRY, PROSPECTS DLTFRIORATING
=-2.0 to  -3.0 TOO DRY, YIELD PROSPECTS REDVCED
=3.0 to -4.0 POTENTIAL YIELLS SEVERELY CUT BY DROUGHT
BELOW ~4.0 EXTREMELY DRY, MOST CROPS RUINED

CROP MOISTURE INDEX
May 1, 1976

D _ '."
e X

/ SHADED AREA INDICATES
+1  INCREASE OR NO CHANGE
IN INDEX DURING WEEK

’ National Weather Service, NOAA—

value. However,K 17 moisture meets or exceeds demand the
index is positive.

Shaded areas indicate the index was unchanged or increa-
sed from the previous week's value; soils dried in the un-
shaded areas. Centers of positive and negative areas are
tdentified by ¥ for wet and D for dry.

Local moisture cunditions may vary because of differences

Q in rainfall distribution or soil types. The type of egri-
culture and stage of crop development must be considered
when assessing the impact of moisture conditions tased on
the Crop Moisture Index. Some general guidelines follow.

SHADED AREA: INDEX INCREASED OR DID NOT CHANGE
ADOVE 3.0 EXCESSIVELY WET, SOME ¥ILLDS FLOODED

2.0 o 3.0 TNO WET, SOME STANDING WATER
1.0 to 2.0 PROSPECTS ABOVE NORMAL, SOME FIELDS TOO WET
0 to 1.0 MOISTURE ADFQUATE FOR PRLSENT NEEDS
0 to =1.0 PROSPECTS IMPROVED BUT RAIN STILL NEEDED
-1.0 to -2.0 SOME IMPROVEMENT BUT STILL TOO DRY
-2.0 to  -3.0 DROUGHT EASED BUT STILL SERIOLS
-3.0 to  ~4.0 DROUGHT CONTINUES, RAIN URGENTLY NEEDED
BELOW -4.0 NOT ENOUGH RAIN, STELL EXTREMELY DRY

Figure 8.

Crop Moisture Index for May 1, 1976.
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CROP MOISTURE INDEX
May 8, 1976

2 +7 SHADED AREA INDICATES
P

&
e

=2 National Weather Service, NOAA

INCREASE C? NO CHANGE
14 INDEX DURING WEEK —1 n/)
0n7

The Crop Mulsture Index measures the degree to which
moisture requirements of growing crops were met during
the previous week, The index is computed from average
weekly values of temperature and precipitaticn. These
values are used to calculate the potential moisture de-
mand. Taking into account the previous soil moisture
conditior and current rainfall, the actual moisture loss
is cdetermined.

If the poteatial moisture demand, or potential evapo-
transpiration, exceeds available moisture supplies, actual
evapotranspiration is reduced and the CMI gives a negative

UNSHADED AREAS: INDEX DECREASED

ABOVE 3.0 SOME DRYING BLT STILL EXCESSIVELY WET

2.0 to 3.0 MORE DRY WEATHER NiEDRD. WORK DELAYED

1.0 to 2.0 FAVORABLE, ENCEPT STILL TOO WET IN SPOTS
0 to 1.0 FAVORABLE FOR NORMAL GROWTH AND FIELDWORK
0 to -1.0 TOPSOIL MNISTLFE SHORT, CERMINATION SLOW

-1.0 to -2.0 ARNORMALLY DRY, PROSPFCTS DETERIORATING

-2.0 o -3.0 TOO DRY, YIELD PROSPECTS REDUCED

-3.0 to -1.0 POTENTIAL YIELDPS SEVERELY CUT BY DROUGCHT

BELOW -4.0 EXTREMELY DRY, MOST CROPS RUINED

value, However, If moisture meets or exceeds derand the
index is positive.

Shaded areas indicate the index was unchanged cr 1increa-
sed from the previous week's value; soils dried in the un-
shaded areas. Centers of pasitive and negative areas are
identified by W for wet and D for dry.

Local moisture conditions may vary because of differences
in rainfall distribution or soil types. The type of agri-
culture and stage of crop development must bte considered
when assessing the impact of moisture conditions based cn
the Crop Moisture Index., Some general guidelines follouw,

SHADED AREA: INDEX INCREASED OR DID NOT CHANGE
ABOVE 3.0 EXCESSIVELY WET, SOME FlELDS FLOODED
2.0 to 3.0 TOO WET, SOVE STANDING WATER
1.0 to 2.0 PROSPECTS ABOVE NORMAL, SOME FIELDS TOO WET
0 to 1.0 MOISTURE ADEQUATE FOR PRESENT NERDS
0 to =1.9 PROSPECTS IMPROVED BUT PAIN STILL NLFDED
-1.0 to -2.0 SOME IMPROVEMENT BUT STILL TOO DRY
-2.0 to -3.0 DROUGHT EASED BUT STILL SERIOUS
-3.0 to -4.0 DROUGHT CONTINUES, PAIN URGENTLY NEEDLED
BELOW =4.0 NOT ENOUGH RAIN, STILL EXTREMELY DRY

Figure 9.

14

Crop Moisture Index for May 8, 1976.
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The Crop Moisture Index measures the degree to which
moisture requirements of growing crops were met during
the previous week. The index is computed from average
weekly values of temperature and precipitation. These
values are used to calculate the potential rwoisture de-
mand. Taking into account the previous soil moisture
coadition and current raipfall, the actual moisture loss
is deterrined.

If the potential moisture demand, or potential evapo-
transpiration, exceeds avallable moisture supplies, actual
evapotranspiration is reduced and the CM! gives a negative

ASHADED AREAS: INDEX DECREASED
ABOVE .

3.0 SOME DRYING BUT STILL EXCESSIVELY WET
2.0 to 3.0 MORE DRY WEATHER NEEDED, WORK DELAYED
1.0 to 2.0 FAVORABLE, EXCEPT STILL TOO WET IN SPOTS
0 to 1.0 FAVORABLE FOR NORMAL GROWTH AND FIELDWORK
0 to =-1.0 TOPSOIL MOISTURE SHORT, GERMINATION SLOW
=1.0 tc  -2.0 ABNORMALLY DRY, PROSPECTS DETERIORATING
-2.0 to  -3.,0 TOO DRY, YIELD PROSPECTS REDUCED
=3.0 to -4.0 POTENTIAL YIELDS SEVERELY CUT BY DROUGHT
L] =4.0 EXTREMELY DRY, MOST CROPS RUINED

CROP MOISTURE INDEX
May 15, 1976

+
SHADED AREA INDICATES
INCREASE OR NO CHANGE
IN INDEX DURING WEEK

National Weather Service, NOAA

value, However, if moisture meets or exceeds demahd the
ipdex is poritive.

Shaded areas indicate the index was unchanged or increa-
sed from the previous week's value; soils dried in the un-
shaded areas. Centers of positive and negative areas are
identified by W for wet and D for dry.

Local moisture conditions may vary because of diffcrences
in rainfall distribution or soil types. The type of agri-
culture and stage of crop development must be considered
when assessing the impact of moisture conditions based on
the Crop Moisture Index. Some general -puidelines follow.

iggDED AREA: INDEX INCREASED OR DID NOT CHANGE

VE 3.0 EXCESSIVELY WET, SOME FIELDS FLOODED
2.0 to 3.0 TOO WET, SOME STANDING WATER
1.0 to 2.0 PROSPECTS ABGVE NORMAL, SOME FIELDS TOO WET
0 to 1.0 MOISTURE ADEQUATE FOR PRESENT NEEDS
0 to -1.0 PROSPECTS IMPROVED BUT RAIN STILL NEEDED
-1.0 to  -2.0 SOME IMPROVEMENT BUT STILL TOO DRY
=-2.0 to  -3.0 DROUGHT EASECL BUT STILL SERIOUS
-3.0 to -4.0 DROUGHT CONTINUES, RAIN URGENTLY NEEDED
BELOW -4.0 NOT ENOUGH RAIN, STELL EXTREMELY DRY

Figure 10.

Crop Moisture Index for May 15, 1976.
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the previous week, The index 1s computed from average
weekly vaiues of temperature and precipitation These
values are used to calculate the potential moisture de-
mand. Taking into account Lhe previous soil moisture
condition and current rainfall, the actual moisture loss
is determined.

If the potential moisture demand, or potential evapo-
transpiration, exceeds available moisture suypplies, actual
evapotranspiration is reduced and the CMI gives a negative

UNSHADED AREAS: INDEX DECREASED
ABOVE 3.

CROP MOISTURE INDEX
May 22

.\ {’
N
L\.—-‘.-~-~-:1—-°::\/\/21; ~ -

The Crop Moisture Index measures *he degree to which
moisture requirements of growing crops were met during

-2

. 1976

INCREASE OR MO CHANGE
IN INDEX DURING WEEK

National Weather Service, NOAA

value. However, if moisture meets or exceeds demand the
index is positive.

Shaded areas indicate the index was unchanged or increa-
sed from the previous weck's value, soils dried i1n the um~
shaded arevas, Centers of positive and negative areas are
identified by ¥ for wet and D for dry.

Local moisture conditions may vary because of differences
in rainfall distribulion or soil types. The type of agri-
culture and stage of crop development must be considered
when assessing the impact of motsture conditions based on
the Crop Moisture Index. Some general guidelines follow,

1

SHADED AREA: INDEX INCREASED OR DID XOT CHANGE

0 SOME DRYING BUT STILL EXCESSIVELY WET ABOVE 3.0 EXCESSIVELY WET, SOME FIELDS FLOODED

2.0 to 3.0 MORE DRY WEATHER NEEDED, WORK DELAYED 2.0 to 3.0 TOO WET, 3OME STANDING WATER
1.0 o 2.0 FAVORABLE, ENCEPT STILL TOO WET IN SPOTS 1.0 to 2.0 PROSPFCTS ABOVE NORMAL, SOME FIELDS TOO WET

0 to 1.0 FAVORABLE FOR NORMAL GROWTH AND FIELDWORK 0 to 1.0 MOISTURE ADEQUATE FOR PRES®NT NEES

0 to «1.0 TOPSOIL MOISTURE SHORT GERMINATION SLOW 0 to =1.0 PROSPECTS IMPROVED SUT RAIN STILL NLEDED
-1.0 to ~2.0 ABNORVALLY DRY. PROSPECTS DETERINRATING -1.0 to -2.0 SOME IMPROVFMENT BUT STILL TOO DRY
-2.0 tu -3.0 TOO DRY, YIELD PROSPECTS REDUCED -2.0 to =3.0 DROUGHT EASLD BUT STILL SFRIOUS
-3.0 to -4.0 POTENTIAL VIELDS SEVERELY CUT BY DROUGHT -3.0 to -4.0 DROUGHT CONTINUES, RAIN URGENTLY NEEDED
BELOW -4.0 EXTREMELY DRY. MOST CROPS RUINED BELOW -4.0 NOT ENOUGH RAIN, STIL! ENTREYELY DRY

=t

Figure 11.

Crop Moisture Index for May 22, 1976.
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The Crop Moisture Index measures the degree to which
moisture requirements of growing crops were met during
the previous week. The index is computed [rum average
weekly values of temperature and precipitation. These
values are used to calculate the potential moisture de-
mand. Taking into account the previous snil moisture
condition and current rainfall, the actual moisture loss
is determined.

If the potential moisture demand, or potential evapo-
transpiration, exceeds available moisture supplies, actual
evapotranspiration is reduced and the CM! gives a negative

CROP MOISTURE INDEX
May 29, 1976

-7
j“‘x _104f"‘4‘ g
Aoy 5

i
V‘/smoeo AREA |NDICATES

+24
INCREASE OR NO CHANGE +1 +3
IN INDEX DURING WEEK .|+2
+1

National Weather Service, NOAA

value. However, if moisture meets or exceeds demand the
index is posjtive.

Shaded areas indicate the index was unchanged or irtrea-
sed from the previous week's value; soils d-iea in the un-
shaded areas. Centers of positive ond negative 2 eas are
identified by W for wet and D for dry.

Local moisture conditions may vary because of differences
in rainfall distribution or soll types. :The type of agri-
culture and stage of crop development must be considered
when asséssing the impact of moisture conditions based on
the Crop Moisture Index. Some genmeral guidelines tollow.

UNSHADED AREAS: INDEX DECREASED SHADED AREA: INDEX INCREASFD OR DID NOT CHANGE
ABOVE 3.0 SOME DRYING BUT STILL EXCESSIVELY WET ABOVE 3.0 EXCESSIViLY WET, SOME FIELDS FLOODED
2.0 to 3.0 MORE DRY WEATHER NEEDED, WORK DELAYED 2.0 to 3.0 TOO WET, SOME STANDING WATER
1.0 to 2.0 FAVORABLE, EXCEPT STILL TOO WET IN SPOTS 1.0 to 2.0 PROSPECTS ABOVE NORMAL, SOME FIELDS TOO WET
0 to 1.0 FAVORABLE FUH NORMAL CROWTH AND FIFLDWORK 0 to 1.0 MOISTURE ADEQUATE YOR PRESENT NEENS
0 to -1.0 TOPSOILL MOISTLRE SHORT GERMINATION SLOW 0 to =1.0 PROSPECTS IMPROVED BUT RAIN STILL NEEDED
=1.0 to -2.0 ABNORMALLY DRY, PROSPECTS DETERTORATING =1.0 to -2.0 SOME IMPROVEMENT BUT STILL TOO DRY
=2.0 to -3.0 TOO DRY, YIELD PROSPECTS REDUCED -2.0 to -3.0 DROUGHT EASED BUT STILL SERIOUS
=3.0 to -4.0 POTENTIAL YIELDS SEVERELY CUT BY DROUGHT -3.0 to -4.0 DROUGHT CONTINUES, RAIN URGENTLY NEEDED
BELOW -4.0 EXTREMELY DHY, MOST CROPS RUINED BELOW -4.0 NOT FNOUGH RAIN, STILI. EXTREMELY DRY

Figure 12.

Crop Moisture Index for May 29, 1976.
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The Crop Moisture Index measures the degree to which
moisture requirements of growing crops were met during
the previous week. The index is computed from average
weekly values of temperature and precipitation. These
values are used to calculate the potential moisture de-
mand. Taking into account the previous soil moisture
condition and current rainfall, the actual moisture loss
is determined.

If the potential moisture demand, or potential evapo-
transpiration, exceeds available moisture supplies, actual
evapotranspiration is reduced and the JMI gives a negative

UNSHALED AREAS: IGDEX DECREASED
ABOVE .0 SOME DRYING BUT STILL EXCESSIVELY WET
2.0 o 3.0 MORE LRY WEATHER NEEDED, WORK DELAYED

1.0 to 2.0 FAVORABLE, EXCEPT STILL TOO WET iIN SPOTS
0 to 1.0 FAVORABLF FOR NORMAL GROWTH AND FIFLDWORK
0 to -1.0 TOPSOIL MOISTURE SHORT GERMINATION SLOW

-1.0 to =2.0 ABNORMALLY DRY, PROSPECTS DITERIORATING

2.0 to -3.0 10O DRY, YIELD PROSPECTS REDUCED

-3.0 to ~4.0 POTENTIAL YIELDS SEVERELY CUT BY DROUGHT

BELOW -4.0 EXTREMELY DRY. MOST CLOPS RUINED

CROP MOISTURE INDEX
June 5, 1976

0-. National Weather Service, NOAA

+
\?+2 SHADED AREA INDICATES -
INCREASE OR MO CHANGE +1

IN INDEX DURING WEEK +3

+2

value., However, if molsture meets or o.xct-t-ds dmrand the
index is positive.

Shaded arcas indicate the index was unchanged or increa-
sed from the previous weerk's value, soils dried in the un-
shaded areas, Centers of positive and negative arcas ltp
identified by % for wet and D for dry.

Local moisture conditions may vary because of differences
in rainfall distribution or soil types,  The type of aprai-
culture and stage of crop development must be considered
when assessing the impact of moisture conditions based on
the Crop Moisture Index. Some general guidelines follow.

SHADED -AREA: l\DE‘ INCRFASED OR DID NOT CHANGE

ABOVE 3.0 EXCESSIVELY WET, SOME FIELDS FLOODED
2.0 to 3.0 TOO WET, SOME STANDING WATER
1.0 to 2.0 PROSPECTS ABOVE NORMAL, SOME FIELDS TOO WET
0 to 1.0 SOISTURE ADEQUATE FOR PRESENT NFEOS
0 to =1.0 PROSPECTS IMPROVED BUT RAIN STILL NEEDED
-1.0 to -2.0 SOME IMPROVEMENT BUT STILL TOO DRY
-2.0 to =3.0 DROUGHT EASED BUT STILL SERIOLY
=3.0 to =4.0 DROUGHT CONTINUES., PAIN URGENTLY NEEDED
BELOW -1.0 NOT FNOLGH RAIN. STILL EXTREMELY DRY

Figure 13.

Crop Moisture Index for June 5, 1976.
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The Crop Moisture Index measures the degree to which
moisture requirements of growing crops were met during
the previous week. The index is computed from average
weekly values of temperaturc and precipitation. These
values are used to calculate the potential moisture de-
mand. Taking into account the previous soil moisture
condition and current rainfall, the actual moisture loss
is determined.

If the poteniial moisture demand, or potential evapo.
transpiration, exceeds available moisture supplies, actual
evapotranspiration is reduced and the CMI gives a megative

UNSHADED AREAS: INDEX DECREASED
ADOVE 3.

&~ SHADED AREA INDICATES

CROP MOISTURE INDEX
June 12, 1976

INCREASE OR NO CHANGE T 3V 2
IN INDEX DURING WEEK D 13

National Weather Service, NOAA *

value., However, if moisture meets or exceeds demsnd the
index is positive.

Shaded areas indicate the index was unchanged or increa-
sed firom the previous week's value; soils dried in the un=
shaded areas. Centers of positive and negative areas are
identified by W for wet and D for dry.

Local moisture conditions may vary because of differences
in rainfall distribution or soil types. The type of agri=-
culture and stage of crup development must be considered
when assessing the impact of molsture conditions based on
the Crop Moisture Index. Some general guidelines follow.

SHADED AﬁEA: INDEX INCHEASEDL OR DID NOT CHANGE
ABOVE

0 SOME DRYING BUT STILL EXCESSIVELY WET 3.0 EXCESSIVELY WET, SOME FIELDS FLOODED
2.0 to J.0 MORE DRY WEATHER NEEDED, WORK DELAYED 2.0 to 3.0 TOO, ¥ET, SOME STANDING WATER
1.0 to 2.0 FAVORABLE, EXCEPT STILL TOO WET IN SPOTS 1.0 to 2.0 PROSPECTS ABOVE NORMAL, SOME FIELDS TOO WET
0 to 1.0 FAVORABLE FOR NORMAL GROWTH AND FIELDWORK 0 to 1.0 MOISTURE ADEQUATE FOR PRESENT NEES
0 to ~1.0 TOPSOIL MOISTURE SHORT GERNINATION SLO¥ 0 to -1.0 PROSPECTS IMPROVED BUT RAIN STILL NEEDED
=1.0 to  -2.0 ABNURMALLY DRY, PROSPECTS DETERIOR*IING -1.0 to -2.0 SOME IMPPOVEMENT BLT STILL TOO DRY
-2.0 to -3.0 TOO DRY, YIELD PROSPECTS REDUCED =-2.0 to  -3.0 DROUGHT EASED BUT STILL SERIOUS
-3.0 to  -4.0 POTENTIAL YIFLDS SEVERELY CUT BY DROUGhT =3.0 to  -4.0 DROUGHT CONTINUES, RAIN URGENTLY NEEDED
BELOW -4.0 EXTREMELY DRY, MOST CROPS RUINED BELOW -4 0 NOT ENOUGH RAIN, STILL [XTREMELY DRY

Figure 14.

Crop Moisture Index for June 12, 1976.
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The Crop Moisture [ndex messures the degree to which
moisture requirements of growing crops were met during
the previous week. The index i1s computed from average
weekly values of temperature and precipitation. These
values are used to calculate the potential moilsture de-
@mand. Takisg into accouat the previous soil soisture
condition sad curreot raisfall, the actual @oisture loss
is determined.

If the potentisal moisture demand, or poteatial evapo-
trasepiration, excesds available moisture supplies, actual
evapotranspiration is reduced and the COMI gives a negative

OUNSHADED AREAS: INDEX DECREASED
ABOVE 3.0 SOME DRYING BUT STILL EXCESSIVELY WET
2.0 to 3.0 WORE DRY ¥EATHER NEEDED, WORK DELATED

1.0 to 3.0 PAVORABLE, EXCEPT STILL 700 ¥ET IN SPOTS
0 to 1.0 TAVORABLE FOR NORMAL GRCVYTH AND FIELDWORX
0 to ~1.0 TOPSOIL WOISTURE SHORT GERMINATIOH SLO¥
=1.0 to  -2.0 ABNORMALLY DRY, PROSPECTS DETERICRATING
=-2.0 to  -3.0 TOO DRY. YIELD PROSPECTS REDUCED
=3.0 to  -4.0 POTENTIAL YIELDS SEVERELY CUT 8Y DROUGHT
BELOW -4.0 EXTREMELY CRY, WOST CROPS RUINED

CROP MOISTURE INDEX
July 3, 1976

”

A ’, \
0% %\o’ SHADED ARE~ (NDICATES < \

INCREASE O NO CHANGE  +1¢(Pf,\ 2
» IN INDEX DURING WEEK +

National Weather Service, NOAA':_ w+3

value. However, if moistire mseets or exceeds desand the
iadex im positive.

Shaded areas indicate the index was unchanged or iocrea-
sed from the previous week's value: soils dried in the wo-
sbhaded areas Centers of positive and oegative areags are
identified by ¥ for wet and D for dry.

Local moisture conditioos may vary because of differences
ina rainfall distribution or soil types. -The type of agri-
culture and stage of crop developsent must be considered
when assessing the impact of moisture conditiocos based oo
the Crop Moisture Index. Some genersl guildelices follow.

SHADED AREA: INDEX INCREASED OR DID NOT CHANGE
ABOVE 3.0 EXCESSIVELY VET, SOME FIXLDS FLOODED

3.0 to 3.0 TOO WET, SOME STANDING WATER
1.0 to 2.0 PROSPECTS ABOVE NORMAL, SOME FIELDS TOO WET
0 to 1.0 MOISTURE ADEQUATE FOR PRESENT VEENS
0 to ~1.0 PROSPECTS IMPROVED BUT RUAIN STILL NEEDED
=1.0 to  -2.0 SOME IMPROVEMENT SUT STILL TOO DRY
=3.0 to  -3.0 DROUGHT EASED BUT STILL SERIOUS
EJ.O to -‘g DROUGHT CONTINUES, RAIN CRGENTLY NEEDED
ELCW 4.

SOT ENOUGH Rll.‘l STILL EXTREWELY CRY

Figure 15.

Crop Moisture Index for July 3, 1976.
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CROP MOISTURE INDEX
July 10, 1976

E et~ ————-
e T ~

-_-_._\\_--‘

3smnm AREA INDICATES +19

r~..—"
NO DATA INCREASE OR NO CHANGE \
~,
R /A IN INDEX DURING WEEK &
National Weather Service, NOAA
The Crop Muisture Index measures the degree to which value., However, if moisture meets or exceeds demand the
muisture requirements of growing crops were met during index is pusitive
the previous eeek. The index is computed from average Shaded areas indicate the index was unchanged or increa-
weekly values of temperature and precipitation. These sed frum the previous weck's value; soils dried in the un-
values are used to calculate the potential moisture de- shaded areas,

Centers of positive and negative areas are
identified by ¥ for wet and D for dry.

Local moisture conditions may very because of differences
in rainfall distribution or soil types. -The type of agri-
culture and stage of crop developm=nt must be considered

mand. Taking inwo account the previous soil moisture
condition and current rainfall, the actual moisture loss
is determined.

If the puteatial moisture demand, or poteamtial evapo-

transpiration, exceeds available moisture supplies, actual when assessing the impact of moisture conditions based on ¥
evapotranspiration is reduced and the CMI gives a negative the Crop Moisture Index., Some general guidelines follow.
UNSHADED AREAS: INDEX OSCREASED smm AREA- [INDEX INCREASED OR DID NOT CHANGE
ABOVE 3.0 SOME DRYING BUT STILL EXCESSIVELY WET 2.0 LXCESSIVELY WET, SOVWE FIELDS FLOODED
2.0 to 3.0 MOWE DRY WEATHER NEEDED, WORK DELAYED 2 0 to 3.0 TOO WET, SOME STANDING WATER
1.0 to 2.0 FAVORABLE, EXCEPT STILL TOO WET IN SpPOTS 1.0 to ° 2.0 PROSPECTS ABOVE NGhMAL, SGVE FIELLS TOO WET
0 to 1.0 FAVORASLE FOR NORMAL GROWTH AND FIELDRORK 0 to 1.0 MOISTURE ADEQUATE FOR PRESENT NEEnS
0 to ~1.0 TOPSOIL MOISTURE SHORT GERMINATION SLOW 0 to =1.0 PROSPECTS IMPROVED BUT RAIN STILL NEEDED
=-1.0 vo ~2.0 ABMNORVALLY DRY, PROSPFCTS DETERICRATING -1.0 to ‘2.0 SOMb IMPROVEMENT BUT STILL TOO DRY
2.0 to =3.0 TOO DiY, (IELD PROSFPECTS REDUCED ~2.0 to =3.0 DROUGHT FASED BUT STILL SERIOUS
«3.0 te -=4.0 POTEANTIAL YILLDS SEVERELY CUT BY DROUGHT -«3.0 to =4.0 DROUGHT CONTINUES., RAIN URGENTLY NFFDED
BELOW -4.0 EXTREMELY DRY, MOST CROPS RUINED BELOW -4 .0 NSOT FNOUGH RAIN, STILL EQH[\H'LY DRY

| Figure 16. Crop Moisture Index for July 10, 1976.
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The Crep Koeisture Indux measurces the dogree to whicg
tnislare requiresents of groving crops were net Jduring
the previous week. The index 15 computed (rom avernge
svrkly salues af tesporature and precipitation.  These
valuen are usmd to caleglate the potential moisture dn-
mand. Taking into account the previous unil moiatire
candition and current rainfall, the rctual moasture loss
is dotermined.

If the potential acisture denand, oF potential cvapo-
tranapiration. excoeds avatlable motvture supplles. actual
evapotranspiration is reduced and the Clil gives 2 negative

UKSHADER AHEAS: [NDEX DECREASED

ABOVE 3.0 SUME DRYING BUT STIJL EXCESSIVELY RET
2.0 to 3.0 MORE DRY WEATHTR NEEDED, XORX DELAYED
1.0 o 2.0 FAVORABLE., EXCEPT STILL TOO ¥ET IN SPOTS

“ National-Weather Service, NOAA

CROP MOISTURE INDEX
July 24, 1976

1
V%
A iy
4" SHADED AREA INDICATES

+¥ W
INCREASE OR =0 CHANGE g}f

(N INDEX DURING WEEK % S

valur, However, tf melsture avets of escoieds efoapd Ehee
1hdrx iy puritive,

Shaded arcas indicats the fndex wan upellams g or foe eeu-
wed from the proviogs week's vulue. aoils drisd In the up-
sheded arvas, Contera of pesdtive apd gogatise areus aee
tdearified Ly W fur wot and D {for dry.

Local moigture conditinns ooy gary Gecausts of d3ffrences
tn ratnrall disceibucion ue noll types.  The type ol agbie
culeure and dtape nf erop develupment gast B0 considiered
whup 3sReRsing the impoel of amisluce conditjons based on
the Crop Muisture Inadex.  Swme gencral gutdelioes. fultuw.

SHADED AREA; INDNEX INCHFASEDY 08 DID X0T CHANCE
ABOVE 3.0 EN IVELY BLT, B Flelbs FlOODED
2.0 to 3.0 TOO 2T, S0ME STANDING WATER
PLOSPLOTS ABOUE NORUAL  HOME FIFLDS T00 wET
HOLSTLEE ADEUVATE TOR PRESENT SLES

2.0
O to 1.0 FAVORABLE FOR NORMAL GROWTH ASD FILLDBOKK 0 to t.o b
0 to  =L.0 TOP'SCIL UQISTURE SHORT GEAMINATION SLOX 9 to =1.0 PROSHLCTS [MDROVED BUT HAIN STLLL NEEOMD
~1.0 to =20 ASNCRUALLY LY. PROSI'ECTS DETERIORATISNG ~1.0 =0 -2.0 SNUE ITUPROVEY: ULT STILL T00 Bhy
2.4 tu -3.0 TOO DRY. YIELD PROSPECTD REDBUCED -2.0 to  -1.0 DROUGHT EASLG BLT STILL Stihtowr
=-3.0 tn =4.0 POTENTIAL VIELDRS SEVERELY CUT IV DROESIT =3.0 to  =1.0 DNOUGHT CONTINLES. RAIN STRY SEEDRD
HELU% =-4.0 EXTREMELY BRY, VOST {RQOPS RUINED ELO# =3, 0 597 FNNUGl Ve, ST L BEAELY Y

Figure 17,

v OF i
PPRODUCIBILITY OF
R SAINAL PAGE 18 PO

Crop Moisture Index for July 24, 1976.
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The CMI for July 24 (figure 17) shows the southeastern corner of North
Dakota still affected.

It appears that the areal extent of drought from Landsat full
frame analysis is in general agreement with the Crop Moisture Index.
The Crop Moisture Index is not designed to give precise locations
of moisture stress and thus an exact correlation between the CMI and
Landsat derived drought areas would not be expected.

A report was released by the Crop Quality Council, Minneapolis,
Minnesota based on persconal observations made during the period
dJuly 11 to 19, 1976. This period corresponds to the areal extent
determined from Landsat acquired July 8-11 and July 17-20 (figure 7).
They reported that the "drought in central and north eastern counties
has been the most severe in years" for South Dakota. This corresponds
to the area determined using Landsat. They also reported that "prospects
are good foyr North Dakota spring whea: and durum despite drought damage
in northeastern sections." This also reported that "In southern and south
central counties in an area bounded by Ellendale, Napoleon, Linton and
Strasburg, fields become progressively poor with a yield prospect of
12-14 bushels in earlier portions, and 8-10 bushels along the Linton-
Strasburg line." This area is bounded by the area determined from
Landsat as being drought affected in North Dakota (figure 7).

2.3 SUMMARY OF AREAL EXTENT ANALYSIS

The use of Landsat full frame color transparencies for delineation
of areal extent for drought damage agrees with other sources of

indicating drought. Landsat analysis appear to provide a more
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accurate indication of drought damage than the CMI. The area
deTineated from Landsat compares with a ground survey made during the
Landsat overpass.

3.0 AUTOMATIC PROCESS FOR DROUGHT DETECTION AND MONITORING

During the southern Great Plains drought analysis, it apﬁears
that by measuring the amount of green vegetation present, a method of
detecting drought could be devised using Landsat digital data. Kauth
and Thomas (LARS Symposium Proceedings, pp 4B-41-51, 1976) suggested
a linear combination of Landsat channels which changes the four
Landsat channel values to four other values with agricultural inter-
pretaﬁion. These agricultural related values are called brightness,
greenness, yelfowness and none such. If the greenness and brightness
values are plotted (figure 18), bare soil lies in a plane with green
vegetation above the soil Tine. The theory was proposed during the
southern Great Plains drought, that by measuring the amount of
greenness above the soil Tine, drought stress could be detected. The
greenness coordinate of a pixel minus the minimum greenness (or soil
line greenness) is the green number. The percent of pixels above a
threshold t is called the Green Index Number or GIN(t). Because of the
lack of data in the southern Great Plains, this theory could not be
proven conclusively, The South Dakota drought provided an opportunity
to monitor drought stress as it became progressively worse. Good data
was available for the 1975-76 crop year and also for selected sample
segments in 1974-75 crop year.

In order to identify a segment as drought or not drought affected,

certain assumptions were made. They were: (1) during winter the
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Figure 18,
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Sketch of the region occupied by typical agricultural
data and the Tocation of the green number.
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segment (5 x 6 nm) is not green, (2) in spring, the segment becomes

green at some measurable rate, (3) later in the season, the segment

reaches and holds some high green level, (4) at harvest, the segment
browns, possibly very quickly, and (5) with drought, the segment is

not as green as normal.

Using the above assumptions, observations and calculations
indicated that normal segments increase in the very green percent
(percent of pixels in a segment with green index number greater than
15) at the rate of about 1 percent per day. Normal South Dakota
segments level out with 30 to 50 percent of the pixels in the segment
having a green index number greater than 15. Normal segments fall very
quickly about 80 days after the beginning of green up. To detect
adverse conditions, a scheme was derived whereby a green up rate
less than 1/2% per day, a level very green percent of less than 20,and
total time to browning Tess than 70 days would indicate drought
conditions. This scheme was tested on all available 1975 and 1976
South Dakota data. The results were compared to a classification
based on the Crop Moisture Index for Crop Reporting Districts. The

agreement of these classifications is given below:
GIN CLASSIFICATION

Wet Dry Total
CMI Wet g 4 13
Classification Dry 2 7 9
Total 11 11 22
X2 - 4.70 10F
5% level = 3.84
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This is significant at the 5% level, meaning that the agreement
is better than would be expected more than 1 time in 20 if there were
no relation between the classification techniques. Regarding the
grrors, the four classified as dry, which were actually wet, were
all predominantly rangeland, less than 5% agriculture. The two classi-
fied as wet by GIN and dry by CMI are Tocated on the edge of their
Crop Reporting Districts, and from full frame imagery, it appears that
the CMI is in error.

If individual segments are examined for 1975 and 1976 crop years,
and compared to the CMI, it is possible to determine if GIN detected
drought stress occurred at the same time indicated by the CMI at CRD
tevel. CMI data was available for CRD's starting May 17 for 1976 and
Aprit 7 for 1975. Since the 1976 crop calendar was earlier than 1975,
the drought GIN starting point is earlier than 1975, On figures 19,
20, 21, and 22, only the location of the 1976 drought GIN bounds is |
shown. For 1975, the drought GIN bounds would be shifted to approxi-
mately 10 days later. Also the crop calendar would in actuality be
later the further north the segment is Tocated and the starting point
for the drought GIN bounds would reflect this difference.

From figure 19, the GIN indicated that year 1975 was normal for
the entire crop season for segment 1676 when compared to the year 1975
CMI, however, in year 1976 the GIN indicated that between May 26 and
June 12, there was drought stress. The CMI for 1976 on May 26 was +.57
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and -3.45 for dJune 12, This indicates that the GIN detected drought

M
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!

't

stress at the same time as the CMI was indicating a change. Segment
1686 also shows correlation with the GIN and CMI for both years.
However, on segment 1676 {figure 19) drought stress did not hit
until June 12 on both the GIN and CMI, segment 1686 (figure 20) was
under drought stress on May 24 as indicated by both the GIN and CMI
numbers. Segment 1690 (Ffigure 21) provides the same correlation as
segment 1686. Segment 1694 (figure 22) shows drought stress for
both crop years. This is indicated by the GIN and CMI numbers.

It appears that the GIN can be used to detect when drought
stress occurs by monitoring the 5 x 6 nm sample segments. A
correlation exists between when the GIN indicates drought and the
CMI at Crop Reporting Districts levels indicates drought. It
appears that the GIN can detect when drought stress occurs earlier than
the subjective evaluations from Landsat full frame imagery. It was not
until the June 11-14 overpass that areal extent of the drought could
be detected on full frame (figure 3, p. 7). The GIN indicated that part
of the area (segment 1686, 1690, 1694) were affected as early as May 24.
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MONTANA NORTH DAKOTA
® 1676
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Figure 19. Droughton segment 1676 as indicated by GIN-and verified by CMI.
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MONTANA NORTH DAKOTA
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l Figure 20. Drought on segment 1686 as indicated by GIN and verified by CMI.
30



MONTANA NOBTH DAKOTA
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Figure 21. Drought on segment 1690 as indicated by GIN and verified by CMI.
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Figure 22. Drought on segment 1694 as indicated by GIN and verified by CMI.
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4.0 YIELD AND ACREAGE RESULTS

Yield and acreage results will be reported and discussed in a
separate report on how well LACIE performed in both the southern Great
Plains and South Dakota droughts.

5.0 SUMMARY AND CONCLUSIONS

The technical approach developed in the southern Great Plains for
detecting and monitoring drought was used successfully in the South
Dakota drought. Landsat full frame images were used to outline and
monitor the areal extent of the drought. This areal extent agreed with
other sources of indicating drought. A scheme using Landsat digital
data was developed for identifying 5 x 6 nm segments as drought affected
or not affected. This scheme agreed with the Crop Moisture Index as
when the area was under drought stress. This scheme (GIN) also provides
an aid to analyst interpreters for indicating changes that are occurring
before these changes are detected on color infrared images.

LACIE has developed and validated in the 1975-76 droughts in the
U.S. Great Plains, a procedure whereby drought can be detected and
monitored using remote sensing based criteria (Landsat). This capability
will provide the ability to detect potential dfought in areas of the

world where ground information is not available or reiiable.
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