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Integrating weather, climate, and land information to inform humanitarian response planning.

• CPC International Desk issues hazards outlooks that integrate weather, climate, land surface information and global model forecasts.
• Drought is  one of the dominant natural hazards that could devastate many economic sectors, especially in the developing world. 
• Drought monitors and outlooks are primary input for the FEWS NET food security outlooks that help decision makers plan for and respond to 

humanitarian crisis

Food Security Early Warning
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Famine Early Warning Systems Network

(Thiaw and Kumar, 2015)



CPC Global drought monitors and outlooks

• Purpose: 
• To monitor in near-real time drought onset and 

evolution to support the hazards outlooks over 
international food insecure regions 

• Hazards outlooks serve as basis for food 
security outlooks of the USAID Famine Early 
Warning Systems Network (FEWS NET)

• To provide access to reliable drought indicators 
and indices to global stakeholders and 
international users

• Global coverage, focus on the regions that  
exhibit food security vulnerability

https://www.cpc.ncep.noaa.gov/products/international/
drought/drought.shtml 3



Definition of Drought
A period of abnormally dry weather sufficiently long 
enough to cause a serious hydrological imbalance.
Drought is a relative term, therefore any discussion 
in terms of precipitation deficit must refer to the 
particular precipitation-related activity that is under 
discussion. (American Meteorological Society 
Glossary of Meteorology)

• Drought is a complex phenomenon
• No single physical indicator defines all aspects of 

drought
• There is a need to use multiple indicators 

including the forecasters/experts judgments
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Drought : Convergence of Evidence
l Meteorological drought

• Precipitation deficient (anomalous, anom. percent etc.) at multiple time scale, from 1week to 2 
years

• Multiple data source: gauge based, satellite retrieval etc. 
• Standardized Precipitation Indices (SPIs), from 1,3,6,12 to 24 months accumulated Prcp
• Standardized Precipitation-Evapotranspiration Index (SPEI) (Vicente-Serrano et al. 2010)

l Hydrological Drought
• Standardized Runoff Indices (SRIs)

l Agricultural Drought
• Soil Moisture anomalies and tendencies
• Soil Moisture Percentile (SMP)

l Evapotranspiration related drought indices
• Evaporative Demand Drought Index (EDDI):  (Hobbins et al. 2016) 
• Evaporative Stress Index (ESI)

l Vegetation Health Index (VHI)
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Objective Drought Categories 

The same as the NDMC standard, but without exceptional drought (D4) due to observational records limitation.
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Drought Impacts



Meteorological drought

• Precipitation deficient
• CPC unified PRCP analysis (gauge based, global 

0.5x0.5)
• CPC CMORPH (satellite retrieval, global 0.25x0.25)
• African Rainfall Estimation Algorithm Version 2 

(RFE 2.0)
• Multi-scale monitor

• 7day,14day,30day,60day,90day,180day,1yr,1.
5yr and 2yr

• Standardized Precipitation index (SPI)
• SPI1, SPI3,SPI6, SPI12 and SPI24
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Standardized Precipitation Indices (SPIs)

• a widely used index to characterize meteorological drought on a range of 
timescales (1-36 months)
• Key Strengths:

• Uses precipitation only; can characterize drought or abnormal wetness at different 
time scales which correspond with the time availability of different water resources 
(e.g. soil moisture, snowpack, groundwater, river discharge and reservoir storage)

• More comparable across regions with different climates than the Palmer Severity 
Drought Index (PDSI)

• Key Limitations:
• As a measure of water supply only, the SPI does not account for evapotranspiration, 

and this limits its ability to capture the effect of increased temperatures (associated 
with climate change) on moisture demand and availability

• Sensitive to the quantity and reliability of the data used to fit the distribution; 30-50 
years recommended
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CMORPH  (Merged Satellite Precipitation)
l CMORPH (CPC MORPHing technique) is generated by the Climate Prediction Center (CPC) of the U.S. 

National Oceanic and Atmospheric Administration (NOAA).

l CMORPH uses precipitation estimates that have been derived from low-Earth orbiting microwave satellites 
and then interpolates the precipitation features in between microwave overpasses based on the higher 
temporal resolution information from geostationary satellite infrared (IR) data.

l GOES satellite data govern only the movement of precipitation features. For magnitude and shape of the 
precipitating area at each time step the microwave data become important. A time-weighted interpolation is 
applied to the two most recent microwave-derived rain rate products. IMERG late (IMERG-L) uses a similar 
morphing technique with an additional calibration.

Grid Resolution: 0.07277 degrees lat/lon (8 km at the equator)
Temporal Resolution: 30 minutes
Domain: Global (60N - 60S)
Period of Record: December 3, 2002 to present

Joyce, R. J., J. E. Janowiak, P. A. Arkin, and P. Xie, 2004: CMORPH: A method 
that produces global precipitation estimates from passive microwave and infrared 
data at high spatial and temporal resolution.. J. Hydromet., 5, 487-503.





Evapotranspiration 
drought indices
• EDDI

• Transferred from the PSL (Hobbins et al. 2016)
• NCAR/NCEP reanalysis as historical input
• CDAS for real-time 

• SPEI
• reference evapotranspiration (ETo): FAO Penman-

Monteith equation instead of Thornthwaite 
(1948) equation

• PRCP: from CMORPH 

• ESI
• Based on the evaporation from Leaky Bucket 

model
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Standardized Precipitation-Evapotranspiration Index (SPEI)

• Vicente-Serrano et al. (2010), Beguería et al. (2010), Beguería et al. (2014)

• PET estimation
• Thornthwaite (1948) : only for month mean estimate
• Hargreaves (1985): improved for the daily estimation by energy balance, need extra Tmax/Tmin (FAO  

alternative equation for ETo when weather data are missing), solar Radiation data derived from air 
temperature differences, tendency to underpredict under high wind conditions (u2 > 3 m/s) and to 
overpredict under conditions of high relative humidity

• Penman-Monteith (1965) FAO recommendation, required more meteorological variables, i.e. solar radiation, 
specific humidity and wind speed etc. Tons of assumptions. vegetation, ground heat flux,  albedo etc. 
reference ET which assumes constant vegetated land surface (i.e., by definition, does not include and consider 
effect of any land surface heterogeneity)

• Model explicit physics by Penman equation: consider global land surface heterogeneity

• Distribution 
• Negative values,  P<PET
• Highly skewed，Pearson III, Lognormal, Log-logistic(fisk)
• Rank-based non-parametric standardized indices (Hao Z., AghaKouchak A., 2014)

https://digital.csic.es/handle/10261/23906
https://digital.csic.es/handle/10261/29993
https://digital.csic.es/handle/10261/90646




Agricultural Drought
• Main focus future development
• Global Land Data Assimilation System (GLDAS)
from NASA rough 30 days Latency
• CPC Leaky bucket model (global 0.5x0.5 analysis)
• UFS land model

• Recent NCEP/EMC UFS FV3 land model
• Noah (Prototype 6)
• NoahMP ( HR1)
• Conventional Observation Reanalysis (CORe) 
• New generation CPC Hourly P/T analysis 
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NOAA NESDIS global topsoil moisture monitor  (FY23)

• Topsoil:  5cm depth
• Spatial: Global  ¼ degree
• Temporal: daily update
• Data length: 2014- current
• provides a seamless soil moisture map 

over global land from five satellites, 
including GPM, SMAP, GCOM-W1, 
SMOS, and MetOp-B.

https://www.ospo.noaa.gov/Products/land/smops/figures/SMOPS_ATBD_v4.0.pdf



Hydrological drought

• Weak in drought monitor
• Difficult in  real-time global runoff/streamflow 

data 
• runoff estimation from the land surface model
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Objective drought integration (blending)

Weight blending
Deep Learning model 



GeoTiff for the GIS users

https://ftp.cpc.ncep.noaa.gov/fews/DroughtMonitor/gis/

https://ftp.cpc.ncep.noaa.gov/fews/DroughtMonitor/gis/
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Land surface model (LSM)
l CPC leaky bucket model (LB)

• Focus on the water balance

l VIC mesoscale hydrological model
• Variable infiltration, excellent in runoff fcst
• Downgrade to water balance mode

l NCEP UFS land model:
• Noah model
• NoahMP (HR1 version)
• Operational model (CCPP package)
• Full water and energy balances



The Greater Horn of Africa Multi-Year Droughts

OND 2020

SPEI3

EDDI3

NDVI

MAM 2021 OND 2021 MAM 2022

The Greater Horn of Africa has 
experienced several 
consecutive failed seasons in 
the past few years.

Evapotranspiration related 
drought indices such as SPEI 
and EDDI encapsulated the 
droughts, which led to stressed 
and degraded vegetation in 
parts of Kenya, Ethiopia, and 
Somalia since OND 2020



NOAA Global Ensemble Forecast System (GEFS)

S2S forecast



Land:
 Noah LSM

GEFSv13:
NoahMP LSM  



Model upgrade and 
reprocessing  :
• NCAR-CCSM4:  May 2014
• GFDL-FLOR:     March 2014
• NCAR-CESM1: June 2014
• NASA-GEOS5v2 :  2018
• CanCM4i:          2019 June
• GEM5_NEMO:   2019 June
• GFDL-SPEAR:   2021
• NCAR-CCSM4: 2023 re-

processing

Currently:     CFSv2, NCAR_CCSM4, GFDL_SPEAR, CanCM4i,GEM_NEMO, NASA_GEOS5v2 



CPC global drought forecast system

NMME CGCM 
Ensemble forecast

NCEP GEFSv12  extended forecast

Historical Observations
(CPC unified analysis)

Bias Correction and Spatial 
Downscaling

land initial states

Leaky Bucket / UFS land 
Model

Soil 
moisture

Temp fcst Prcp fcst

runoff

SPI / SPEI

SRI

SMP

Integrated
 drought forecast

ET ESI  

ECMWF IFS 48r1 forecast

ECCC GEPS extended forecast



Week 1

Week 2

Week 3

Week 4

Week 5

SPEI3 D0+
Verification of SPEI forecastHSS SPEI3 D1+ SPEI3 D2+ SPEI3 D3-D4

Results showed that the system captured the spatial 
locations of dryness/drought over the HOA. The 
forecast skills degraded as a function of lead time and 
drought category but remained above 40% for D0+ 
and D1+ for SPEI3 even at 4-week lead time



Skills of S2S prediction:   SMP > SRI >  SPEI   > SPI

Lead 0-6 months drought forecast :   Jan IC for 1991-2020   CONUS mean ACC

Short-term
drought

Long-term
drought



Table Source: Frazier et al. 2019
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source: 2017 Pacific Islands Climate Adaptation Science Center Newsletter https://pi-casc.soest.hawaii.edu/wp-
content/uploads/2021/01/Pacific-Islands-CSC-Drought-Newsletter.pdf

https://pi-casc.soest.hawaii.edu/wp-content/uploads/2021/01/Pacific-Islands-CSC-Drought-Newsletter.pdf
https://pi-casc.soest.hawaii.edu/wp-content/uploads/2021/01/Pacific-Islands-CSC-Drought-Newsletter.pdf


source: 2017 Pacific Islands Climate Adaptation Science Center Newsletter https://pi-
casc.soest.hawaii.edu/wp-content/uploads/2021/01/Pacific-Islands-CSC-Drought-Newsletter.pdf

https://pi-casc.soest.hawaii.edu/wp-content/uploads/2021/01/Pacific-Islands-CSC-Drought-Newsletter.pdf
https://pi-casc.soest.hawaii.edu/wp-content/uploads/2021/01/Pacific-Islands-CSC-Drought-Newsletter.pdf
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