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Abstract
A new satellite-based rainfall dataset, the Climate Hazards Group Infrared Precipitation with Station data (CHIRPS), is evaluated against gauge observations over Iran for a 10-
year period from 2005 to 2014 inclusive and during the main rainy season in wintertime (i.e. December, January, and February). To our knowledge, the CHIRPS rainfall product
has not been previously evaluated against independent rain-gauge observations over Iran. Comparisons are presented using a set of evaluation metrics, including statistical
correlation analyses and categorical scores for monthly precipitation from 68 stations distributed across Iran. The analysis was performed for different rainfall categories during
winter season and for regions with different elevations.

Results show moderate correlations between CHIRPS rainfall estimates and ground-based observations, with an overestimation noted during the winters of the decade
considered here. Overall, CHIRPS – like other satellite-based rainfall estimates – is found to overestimate lower rainfall and underestimate higher rainfall totals. In
approximately 90% of the stations the value is statistically significant with highest correlation values over stations in mountainous areas. However, for coastal zone stations,
rain-gauge data has lower correlation with CHIRPS likely due to different dominating weather systems associated with high relative humidity and cloudiness.

CHIRPS is a new operational quasi-global (50°S-50°N),
high resolution (0.05°), daily, pentadal, and monthly
precipitation dataset based on satellite data and in situ
observations and developed to support USAID’s Famine
Early Warning Systems Network (FEWS NET) [1].
Previous evaluations of CHIRPS rainfall estimates relative
to rain gauge observations [1-3], although focused on
Africa, reported:

Almost identical mean rainfall found for CHIRPS and
GPCC (Global Precipitation Climatology Centre) datasets,
particularly in springtime (March–May) [1, 3].

CHIRPS correlates better with inland than with coastal
stations based on evaluation for flood and drought
monitoring in Mozambique using dekadal (10-daily) rain
gauge observations from 26 stations [2].

Higher correlations between CHIRPS and rainfall records
at mountainous stations in Cyprus [3].

o CHIRPS rainfall estimates: We evaluate monthly
CHIRPS rainfall (from http://chg.geog.ucsb.edu/data/chirps)
against rain-gauge observations over Iran from 2005 to
2014 inclusive. CHIRPS monthly values are extracted from
NetCDF files using the IDL programming language.
o Rain-gauge observations: Rain-gauge observations
reported every 6 hours for 68 stations over Iran from 2005
to 2014 (from the Iranian Meteorological Organization
(IRIMO) are cumulated to monthly values using Excel.
o Criteria: We considered only stations, for which daily
observations were not used in deriving the CHIRPS
estimates, yet achieving optimal spatial coverage (Figure 1).

In situ observations are grouped by elevation in 4 categories,
i.e. <500, 500-1000, 1000-1500, and >1500 m above mean
sea level, and by rainfall amount in 5 categories: <30, 30-50,
50-100, 100-200, and >200 mm.
Correlation coefficients and probabilistic skill scores
between gauge observations and CHIPPS estimates are
calculated using the SPSS statistical software. Here, we
focus on wintertime rainfall (December-January-February)
as this is the main rain season and rainfall monitoring is
important for planning and management of water resource in
the dry season.

Evaluation of CHIRPS and gauge-based rainfall in wintertime
– when rainfall peaks in Iran -- showed low correlation
coefficients (Table 1). This is likely due to the variety of
weather systems in this season [4] making it difficult to find a
uniform regression model for different types of rainfall.

High bias values indicate that CHIRPS overestimates rainfall
observed on the ground, likely because satellite-based imagery
detect cloud top temperatures and despite more cloudy days in
winter than in other seasons, not all clouds produce rainfall.

Relative mean absolute error (RMAE) values show a
considerable relative mean deviation from rain-gauge data
with highest value in January. Probability of detection (POD)
is at its maximum in the winter months with higher seasonal
rainfall. Linked to high POD, FAR is lower for months with
higher rainfall. For DJF, this translate to approximately 7% of
rainfall detections by CHIRPS are not detected at the
corresponding rain gauge. These false alarms could be the
result of overestimation or the use of TRMM 3B42, with lower
spatial resolution, as part of the CHIRPS rainfall estimation
algorithm.

Due to the aridity/semi-aridity of most provinces in Iran, the
threshold for categorical statistics was set at 0.1 millimeter,
though a higher threshold could result in different values for
the categorical statistics.

Figure 2 shows CHIRPS rainfall estimates versus rain-gauge
observations in winter over the country indicating
underestimation of higher rainfall and overestimation of lower
rainfall totals.

Differences in the empirical distributions of CHIRPS rainfall
estimates and gauge observations (Figure 3) illustrates that
CHIRPS overestimates the frequency of rainfall up to 200
mm.

Figure 3 Cumulative distribution function for CHIRPS (orange) and
gauge observations (blue) for wintertime (Dec-Jan-Feb)

Mean correlations by elevation (table 2) for lower- and
higher-elevation coastal stations of the north and south,
slightly increase with elevation, as weather systems in the
south are more homogeneous. In hilly and semi-mountainous
(500-1000 and 1000-1500 mASL) stations, correlations fall
with altitude. Among hilly stations correlations are higher for
stations in the interior part of Iranian plateau, characterised
by shorter winter and more homogeneous rainfall regime. For
mountainous stations of Elburz and Zagros highlands (>1500
mASL) correlations are not influenced by elevation, as these
two mountain chains are governed by different climates [4].

Table 3 shows highest mean correlations for CHIRPS
estimates and rain-gauge observation between 30-50 and 50-
100 mm. It is worth noting that most stations are in the 20-
100 mm rainfall range. Higher rain-gauge values are
associated with complex weather systems and lower rain-
gauge observations are related to rain from warmer clouds,
both leading to low correlations with satellite-based
estimates. Across rainfall categories, however, correlations
change slightly with rainfall amount, i.e. from 0.52 to 0.66.

Overall, correlations between CHIRPS rainfall estimates
andgauge observations vary during wintertime (Dec-Jan-Feb)
in the 2005-2014 time period mainly due to various weather
systems influence Iran in winter, particularly in the Caspian
littoral zone where topography adds to this complexity. In
interior provinces, elevation becomes an important factor for
correlation trends. Correspondence is best for mid-range
rainfall between 30-100 mm and worse for low- and high-
range rainfall <30 mm and >200 mm, respectively. Further
work will investigate correspondence of daily gauge
observations with CHRIPS and other satellite-derived
products, and for different weather regimes and cloud types.
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Table 1 Pair-wise correlations and probabilistic scores  during winter 
(DJF) and by month (Dec-Jan-Feb) over 2005-2014 for all stations.
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DJF DEC JAN FEB

Correlation 0.45 0.53 0.37 0.46

Ratio Bias 1.46 1.37 1.58 1.43

RMAE 0.88 0.82 0.99 0.82

POD 1.00 1.00 1.00 1.00

FAR 0.07 0.14 0.02 0.04

Mean Rainfall 112.5 33.95 39.12 39.21
Pearson’s correlation perfect score 1; Ratio bias, perfect score 1; RMAE 
perfect score 0; POD perfect score 1; FAR perfect score 0

Figure 2 CHIRPS rainfall estimates vs rain-gauge observations for
wintertime (Dec-Jan-Feb) with linear regression fit (black line)

Elevation [m] <500 500-1000 1000-1500 >1500
Correlation 0.55 0.65 0.65 0.62

Table 2 Mean correlations by elevation.

Rainfall [mm] <30 30-50 50-100 100-200 >200
Correlation 0.58 0.66 0.65 0.59 0.52

Table 3 Mean correlations by rainfall amount.
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Figure 1 Locations of stations considered in the evaluation 


