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Abstract

Sparse rain gauge networks and declining observations in Africa limit climate research in the region. However, the proliferation of
satellite-rainfall products (SRPs) and the growth of citizen-science-driven in-situ observations driven by cheaper data collection
technologies have provided a pathway to overcoming the data scarcity problem. In this paper, we used rain gauge data from 596
stations operated by the Trans-African Hydro-Meteorological Observatory (TAHMO) across Africa to evaluate the performance
of two widely-utilized satellite-based rainfall products: the Climate Hazards InfraRed Precipitation with Stations (CHIRPS) and
the Tropical Applications of Meteorology using Satellite data (TAMSAT), and two under-validated and underutilized products:
the satellite-only Global Satellite Mapping of Precipitation (GSMaP) and the gauge-corrected GSMaP version (GSMaP_Gauge).
We also inter-compared the performance of the four products over Africa, East Africa, Southern Africa and West Africa at daily,
pentadal, and monthly timescales. Our findings indicated that the GSMaP products had better performances at daily timescales
whereas CHIRPS and TAMSAT matched or outperformed the GSMaP products at pentadal and monthly timescales. GSMaP _-
Gauge daily rainfall detection was almost 1.5 times the CHIRPS detection scores at the same temporal scale. The Pearson
correlation coefficient increased with temporal aggregation but the volumetric errors increased for all products. Additionally,
all the products overestimated (underestimated) low (high) intensity rainfall events. Our analysis adds to a growing number
of validation studies in Africa and presents an opportunity for developers of satellite-rainfall products to integrate the new

TAHMO observations in bias-correction algorithms to improve the accuracy of SRPs in the region.
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Why do we need accurate climate
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Challenge with climate data
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What are we doing?

Objective: Evaluate the performance of CHIRPS, TAMSAT, GSMaP-MVK and
GSMaP_Gauge Macharia et al. AMS Journal of Hydrometeorology (accepted with
o revisions)

RQ: How do these SRPs compare with TAHMO at different timescales in Africa,
East Africa, Southern Africa and West Africa!?

. TAHMO- Network of over 600 stations across Africa, with plans to
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Categorical metrics

Evaluation metrics: A, B, C, S & G represent hits, false alarms, misses,
satellite estimate and gauge measurement, respectively

Africa (N=441.768) East Africa (¥=194,364) Southern Africa (V=49.509) West Africa (V=197,895)
Evaluation metric Formula Unit Best Value
POD FAR Eff CS1 POD FAR Eff CsI POD FAR Ef CS1 POD FAR Ef CSI . X . A
Probability of Detection POD =m None 1
; . .2 012 .3 42 . -0.36 .37 26 53 7
CHIRFS 046 028 012 038 04 021 036 0 044 026 0038 038 053 03 007 043 False Alarm Ratio FAR :AfB None  ©
TAMSAT 054 0.29 0,02 045 047 0.22 007 042 0435 0nx» 0.1 0.4 0.65 0.35 009 048 Correlation Cosfficient cc - (G- (__}) (S— ,§_] None |
VE(G-G)I(s-3)2
GEMaP 067 0.3 007 053 067 0.25 0.1 (.55 062 0.29 0.18 048 0.7 0.35 012 051 1
Mean Absolute Error MAE= (E) Z IS -G mm 0
GSMaP_wGauge 0.72 031 011 05 075 03 007 057 063 02 018 05 071 034 014 052 1
Root Mean Square Error RMSE=+/( ~ ) Z (S-G)?2 mm 0
Daily time scale Efficiency Eff=1— M None 1
R R Z(G-G)?
v0|umetrlc metr"CS Multiplicative Bias Bias :%% None 1
Daily timescale Pentad timescale Critical Success Index CSI :ﬁ None 1
Africa (N=441,768) East Africa (N=194,364) Africa (N=87,622) East Africa (N=38,447)
— L s A x
.3 3. 13 X .30 3 . el . Ay J.U0 . . L, o . 2D s B
CC MAE Bias RMSE CC MAE Bias RMSE
TAMSAT 032 381 1.1 10.01 029 421 1.14  10.68 TAMSAT 045 1373 1.1 26.6 041 1455 113 2976 CHIRPS 066 35092 118 8585 064 5845 129 9436
GSMaP 044 329 1.1 1025 04 349 099 1036 GSMaP 0.5 13.15 107 2754 047 1541 097 2889 TAMSAT 0'6 51'?9 1' 12 89’8 0'5? 6?.2? 1' 16 10'2 84
y 315 . . 3. 05 95 5 ’ . ; ) o S ’ ’
GSMaP wGauge 044 3.1 1 9.31 042 348 105 9351 GSMaP wGauge 053 12.01 099 2477 052 1319 105 2578 GSMaP 059 5780 108 9632 053 6402 097 10389
= - = — GSMaP_wGauge 0.65 49.16 1 82.06 0.61 54.5 1.06 86.14
Southern Africa (N=49,509) West Africa (N=197,895) Southern Africa (N=9,836) West Africa (N=39,339)
CC MAE Bias RMSE CC MAE Bias RMSE CC MAE Bias RMSE CC MAE Bias RMSE - —
CHIRPS 038 312 093 1024 039 345 109 936 CHIRPS 058 105 095 2501 051 1222 11 233 Southern Africa (N—1,678) West Africa (N=6,642)
TAMSAT 036 308 084 1017 037 361 113 927 TAMSAT 052 1109 084 262 05 1276 113 2323 CC MAE Bias RMSE CC MAE Bias RMSE
GSMaP 051 26 0.89 971 046 327 123 10.27 GSMaP 061 955 088 2512 0.5 1323 123 2675 CHIRPS 0.73 4357 1 80.73 0.67 4547 L1 78.1
GSMaP_wGauge 048 267 086 967 046 294 097 9.3 GSMaP wGauge 06 966 085 2486 051 1147 096 2371 TAMSAT 0.7 4311087 8243 0.67 4684 L14 77.13
— = GSMaP 072 4213 09 81.25 0.63 5593 123 9211

GSMaP_wGauge 0.71 424 089 82.02 066 457 098 7792

* Better rainfall events detection (POD, CSl) and skill (Bias, Eff) by GSMaP
products P'ionthlyl
* Increasing RMSE and MAE with timescale aggregations fimescale



Ability of SRPs to capture daily rainfall events
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Generally, all the SRPs overestimate (i.e. their CDF curves are below the TAHMO
CDF) low intensity rainfall events (<20 mm/day) while all except GSMaP
underestimate high intensity rainfall events (>20 mm/day)

CHIRPS and TAMSAT CDFs show similar patterns; both have a higher
overestimation of low rainfall events

CDFs of the two GSMaP products is closer to that of the TAHMO in-situ gauge
data for the low intensity rainfall events
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* Larger errors (RMSE) at higher elevations for all SRPs

*  GSMaP products in general perform better for all

metrics; GSMaP_Gauge shows better rainfall detection
at higher elevation
* *GSMaP_Gauge shows a higher POD but also a higher

FAR for all elevation categories
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All the SRPs reproduce the annual rainfall cycle over each of the regions

CHIRPS and TAMSAT overestimate (74% and 6 1%, respectively) the peak rain month in the
long rains season in East Africa

CHIRPS showed a wet bias (33%) for short rains peak month in East Africa while
GSMaP_Gauge showed a dry bias (-21%)

Small monthly biases in Southern Africa for all products compared with TAHMO station
data
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* InWest Africa, all the SRPs overestimate rainfall; CHIRPS and TAMSAT show larger

over-estimations in the monsoon season (June — September) of around 36% over that
period.

* GSMaP shows wet biases of between 10-80% in the months of March - June in West
Africa.

* Density of TAHMO stations with high correlations in VWest Africa and Southern Africa
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Conclusions

* Correlation between CHIRPS, TAMSAT, GSMaP, GSMaP_Gauge and in-situ data improves with temporal
aggregation. This improvement would be beneficial to general applications that require longer timescale (i.e.
monthly to annual scale) if the objective of such analyses is to detect long-term trends over large geographical
areas.

* Larger errors in CHIRPS and TAMSAT at daily timescale compared to the GSMaP rainfall products may be a
limiting factor in water-balance modeling that requires higher rainfall detection capability at shorter timescales.

* Gauge-corrected products produced better correlations with reference gauge data but statistical errors increased
with data aggregation over coarser timescales.

* The introduction of low-cost monitoring networks by TAHMO and the expansion of this network across Africa
could provide a complementary and valuable new data resource for climate research in Africa.

* This research recommends the use of TAHMO data in validation of other satellite rainfall products over Africa and
the integration of the TAHMO gauge data in gauge-satellite data integration algorithms.
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