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Vegetation Health Index & Applications, Aug, 2017

Vegetation Health
Drought 

Area 
Intensity 
Duration 
Start/End 
Impacts

Moisture Stress
Thermal Stress
Healthy Vegetation
Crop/pasture Prod.
Fire Risk
Soil Saturation
Mosquitoes Diseases         
Land Greenness
Landslides
Food security
Climate Change
Land Change

Vegetation Health (VH) is an indicator of satellite-based 
vegetation response to weather (mostly P and T)



GTS (WMO-based) weather station network

On the average

One weather station covers

31,000 sq. km

NOAA satellites cover

Current: 16 sq. km
S-NPP:     0.25 sq. km

One weather station covers

GLOBAL -10,000 sq. km
Africa - 31,000 sq. km

NOAA satellites cover

AVHRR: 4 & 16 km² 
VIIRS:    0.5, 1 & 4 km²



Vegetation Health 

(1) Normalized Difference Vegetation Index (NDVI)
VIS (Ch1) and NIR (CH2)

Brightness Temperature (BT)
IR (CH4)

(2) NDVI & BT Climatology
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Vegetation Health (VH) Indices

Vegetation condition index (VCI), values 0 - 100 

VCI=(NDVI-NDVImin)/(NDVImax-NDVImin) 
NDVImax, and NDVImin – climatology (1981-2000 
maximum and minimum NDVI for a pixel; 

Temperature condition index (TCI), values 0 - 100 

TCI=(BTmax-BTmin)/(BTmax-BTmin) 
NDVImax, and NDVImin – climatology (1981-2000 
maximum and minimum NDVI for a pixel

Vegetation Health Index (VHI), values 0 – 100

VHI=a*VCI+(1-a)*TCI
0     – indicates extreme stress; 100 – indicates favorable conditions

MOISTURE

THERMAL

VEG. 
HEALTH



VCI, TCI & VHI Aug 11, 2017
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2015 PORTUGAL
Vegetation health

APR            MAY           JUN             JUL           AUG            SEP            OCT



Vegetation Health (VH) Data

•NOAA/AVHRR (37y)  16 sq. km
4 sq. km

•SNPP/VIIRS (6 y) 4     sq. km
1     sq. km
0.5  sq. km
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Drought USDM & VH



Corn Yield vs AVHRR-based Vegetation health indicator (VCI)
Midwest, USA

R=0.75

NOAA/AVHRR



VHP-drought stress & USDA pasture & winter wheat condition, May 6, 2013 



VH-Biomass & Corn Yield Modeling & Prediction
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Pasture biomass vs VCI,   MONGOLIA

Corn yield vs VCI,  ZIMBABWE

MONGOLIA
Biomass

ZIMBABWE
Corn
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VH Predicted vs Observed Wheat Yield
R=0.81

R=0.81

ARGENTINA

INDIA, RajasthanRUSSIA

KAZAKHSTAN
R=0.84

R=0.76



VH-Crop Losses Prediction: USA, 
Kansas



Channels:VIIRS versus AVHRR
Climate data records problems NDVI

BT

Channels



Transition to SNPP/VIIRS & J-1 

•TWO methods:

1. Adjust SNPP/VIIRS weekly NDVI & BT to weekly 
NOAA/AVHRR

2. Adjust SNPP/VIIRS 5-year weekly NDVI & BT 
climatology to NOAA/AVHRR 36-year
climatology
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Time series of SMN from VIIRS and 
AVHRR

The SMN from VIIRS and AVHRR are not on the same level. Adjustment is required to make the 
long term time series aligned.



Drought & Impacts from VIIRS 0.5 km California
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Vegetation Health 0.5 sq.km: New & old Climatology
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Users attending Vegetation Health WEB
https://www.star.nesdis.noaa.gov/smcd/emb/vci/VH/vh
_browse.php
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•BACK UP
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Mean NDVI (40N-40S)
VIIRS vs MODIS vs AVHRR: 2012 July

ACCOMPLISHMENTS
•Data collection from SNPP/VIIRS, AVHRR/NOAA-18 & 19, MODIS/AQUA
•Algorithm Development (data sampling, gap filling, reflectance calculation, noise 
removal)
•Data processing (NDVI, BT, no noise NDVI & BT)
•Data Stability tests
Dt djtt



• The SNPP & J1/VIIRS Vegetation Health (VH) Indices from EDR 

• VIIRS/VH-1 is global weekly composite products with 1 km² resolution 

• The VH-EDR consists of three indices, Vegetation Condition Index (VCI), Thermal Condition Index (TCI) 
and Vegetation Health Index (VHI)

• The algorithm is based on three bio-physical laws: Liebig’s Law-of-Minimum, Shelford’s Law-of-
Tolerance &  Carrying Capacity

• Daily SNPP/VIIRS-1 is derived from the TOA radiances: VIS, NIR - image bands: & Thermal bands

• The radiances are pre-launch & post-launch calibrated, checked for accuracy

• Weekly composite raw Normalized Difference Vegetation Index (NDVI) and raw Brightness temperature 
(BT) are calculated after adjustment for sun angle, observation time & atmospheric effects

• Noise removal from weekly raw NDVI & BT and converting them to no noise NDVI (SMN) and BT (SMT)

• Climatology derivation from multi-year SMN and SMT weekly data, using three Bio-physical Laws

• Two SNPP/VIIRS & J1/VIIRS climatology conversions to longer data sets & tests:
– NDVI & BT real-time weekly from 5-year SNPP/VIIRS to 36-year NOAA/AVHRR

– NDVI & BT climatology weekly from 5-year SNPP/VIIRS to 36-year NOAA/AVHRR

• Modeling SNPP/VIIRS-1 Vegetation condition index (VCI), Temperature condition index (TCI) & Vegetation 
health index (VHI)

• Derivation of VH-EDR’s per-pixel quality flags (e.g., land/water snow, desert, cloud mask and  random 
noise)

• Test SNPP VIIRS/VH-1 performance with in situ data
26
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36-year Climatology: Max, Min, Mean
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Expl: NDVI/SMN – VIIRS vs AVHRR

The SMN from VIIRS and AVHRR are not on the same level. Adjustment is required to 
make the long term time series aligned.



Vegetation Health Milestones Update 
June 10, 2017

•Calculate 5 year climatology (max and min) from S-NPP 
VIIRS (Apr, 2017)

•Calculate same 5 year climatology from AVHRR (Apr 
2017) 

•Similar/dissimilar for  the two climatology (May, 2017)
•Similar/dissimilar for 5-year & 36-year climatology
•Calculate VIIRS/VH (VCI, TCI, VHI) (Jun, 2017)
•Compare VIIRS/VH to AVHRR/VH for 2012-2017 (Jan, 
2018)

–If there are issues with the VIIRS climatology re-calculate 
it each year with J1 data.



Algorithm Improvements  
•4 km Climatology from AVHRR
•4 and 1 km Climatology from VIIRS
•Cal/Val Climatology for evaluating algorithm 
performance

a. Comparison with  AVHRR algorithms
b. Comparison with in situ data
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Algorithm Improvements



SNPP/VIIRS-1 Climatology

•Directly generate 5-year VIIRS 1km climatology 
(V5);

•Generate pseudo 36-year VIIRS 1km climatology 
(V36) based on VIIRS 4km V36 climatology and 
1km V5 climatology:

• Get mean value over 4km grid cell for climatology mean:
From V5 1km MEAN at specific week (MEANvirrs1km), calculate mean values over 4km grid (MEANviirs4km).

• Calculate adjustment:
Adjustment = MEAN viirs1km– MEANviirs4km

• Interpolate 4km VIIRS climatology to 1km resolution (MXNVIIRS1km )
MXNviirs4km   MXNviirs1km 

• MXNnew= MXNviirs1km + Adjustment 

V5 
1km

V36 
4km

V36 1km 
Grid

V5 4km 
Mean

- +

V36 
1km



Back Up
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Weather Stations & Satellite Data Coverage



2017 Jul 8 VH & Jul 2, Pasture Conditions
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Number of VH Users per Year 
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Vegetation Health data sources

Sensors Advanced Very High Resolution Radiometer (AVHRR)

Visible Infrared Imaging Radiometer Suite (VIIRS)

Satellites NOAA/AVHRR: NOAA-7, 9, 11, 14, 16, 18, 19 
S-NPP/VIIRS, J-1 (JPSS)/VIIRS

Data Resolution Spatial 0.5, 1, 4 (GAC), 8 & 16 (GVI) km; 
Temporal 7-day composite

Period 37-year (1981-2017), future?            
5-year  (2012-2016) currently

(2017 – 2030) future

Coverage World (75 N to 55 S) 
Channels: VIS ,  NIR , IR ; Indices: NDVI & BT



AVHRR Algorithm Architecture (SA)
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1. NDVI & BT 
2. N-B Climatology



Transition to SNPP/VIIRS & J1/VIIRS
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CURRENT

PLUS 3-5 years from Year 3-5 of J1

1. NDVI & BT 
2. N-B Climatology



Transition to SNPP/VIIRS & J-1 

•From the TWO methods the first one is used:

1. Adjust SNPP/VIIRS weekly NDVI & BT 
to weekly NOAA/AVHRR
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Expl: NDVI (SMN):  AVHRR-VIIRS time 
series



Expl: BT (SMT) AVHRR-VIIRS  COR



USA Drought from USDM & VHI



VIIRS VHP IT Architectures: Apply #1
Adjust SNPP/VIIRS weekly NDVI & BT to weekly NOAA/AVHRR

PE-2PE-1
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VHI: VIIRS-1km vs AVHRR-4 km 
May 20, 2017

•SNPP/VIIRS-1 NOAA/AVHRR-4
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Expl: Error reduction is required

SMN VCI

1. Raw data collection problem
2. VIS, NIR & IR problem
3. Climatology problem

TRUE        ????

R=0.85
R=0.67



Transition to SNPP/VIIRS & J-1 

•From the TWO methods the second one is 
used:

Adjust SNPP/VIIRS 5-year weekly NDVI & BT 
climatology to NOAA/AVHRR 36-year climatology
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Climatology A-36 vs V-5
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SNPP/VIIRS & NOAA/AVHRR 4km Climatology 
(Wz)

•Directly generate 5-year VIIRS 4km climatology (V5);

•Directly generate 5-year AVHRR 4km climatology (A5) 
at the same period with V5;

•Directly generate 36-year AVHRR 4km climatology 
(A36);

•Generate pseudo 36-year VIIRS 4km climatology (V36) 
based on the calculation from V5, A5 and A36 
climatology:

𝑉𝑉𝑉𝑉 = 𝑉𝑉𝑉 × 𝐴𝐴𝐴𝐴
𝐴𝐴𝐴



Test: VHI 4 km Product (Wz)
A36 vs. V5 A36 vs. V36 

0.48 0.73



Test: VHI 1km Product
A36 vs. Former Scheme A36 vs. V36 

0.54 0.70



New VIIRS-VH system: Data Flow (Wz)

VIIRS SDR & 
EDR 

VIIRS  
Daily GVI

VIIRS  
Weekly 

GVI

VIIRS  
NDVI and 

BT
(ND files)

VIIRS  
Noise 

Reduced NDVI 
& BT (SM 

files)

Climatology 
From VIIRS, 
Incorporated 
with AVHRR 
Information

VIIRS  
VCI/TCI/V

HI
(VH file)

VH 
calculat

or

Use similar procedure as 
AVHRR-VH 

Input VIIRS data:

357m image 
bands:
SVI01, 
SVI02,
SVI05, 
GTCGO

1014 
granules/day
700 GB/day 
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VHI from V-36, V-5 & A-36 climatology
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VH-WEB Users in 2016
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