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● Highly variable water vapor → can trigger rapid weather changes;

● Water vapor amplifies climate change through feedback processes. (IPCC, 1990)

● Water vapor stores latent heat that fuels storms. 

● IWV ↑ ≈ 1% per decade (Allan et al., 2022). 
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● How to measure the amount of water vapor (IWV)?

● Radiometers 

● Very Long Base Interferometry (VLBI)

● Radiossondes (Ning, 2012; Sapucci, 2001)

● GNSS Meteorology (Gouveia et al., 2020)
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• ZWD is the variable analyzed in this work.

• Analyze Zenith Wet Delay (ZWD) data from 20 GNSS stations distributed across 
Brazil.

• Compare ZWD time series with precipitation records from nearby meteorological 
stations.

• Assess how the relationship between ZWD and precipitation varies under different 
climatic conditions across the Brazilian territory (Köppen-Geiger Classification).
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• GipsyX/RTGx: processed data was downloaded for  Brazilian stations (Nevada Geodetic 
Lab, University of Nevada, Reno)

• GipsyX estimates Zenith Total Delay (ZTD) from GNSS signals using Precise Point 
Positioning (PPP).

• The hydrostatic part (ZHD) is modeled from surface pressure.

• The remaining part, after subtracting ZHD, is the Zenith Wet Delay (ZWD) — directly 
linked to atmospheric water vapor.

ZTD=ZHD+ZWD
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• 20 stations with ZWD data were choosen in the 
period of 2011-2023;

•

• These stations were paired with meteorological 
stations from INMET (precipitation data);

•

• For each station, the climate classification 
(Köppen-Geiger) was obtained (Alvares, 2013);

• Correlation was calculated (ZWD - Precipitation)
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• Time-series – 20 stations Examples:
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GROUP 1

Station corr t_value df p_value CI_lower CI_upper CCK

PPTE 0,72 12,62 144 4,55E-25 0,64 0,79 Aw

MGBH 0,74 13,60 154 3,48E-28 0,66 0,80 Cwb

MGRP 0,74 12,73 133 8,79E-25 0,65 0,81 Cwb

POLI 0,75 13,28 136 2,46E-26 0,67 0,82 Cfb

MGMC 0,76 14,24 151 1,06E-29 0,68 0,82 Aw

CUIB 0,76 14,54 153 1,24E-30 0,69 0,82 Aw

TOGU 0,78 14,50 133 3,65E-29 0,71 0,84 Aw

MGIN 0,80 15,74 143 5,21E-33 0,73 0,85 Cwb

GOJA 0,83 18,11 153 6,83E-40 0,77 0,87 Aw



13

GROUP 2

Station corr t_value df p_value CI_lower CI_upper CCK

SCCH 0,27 2,38 71 1,99E-02 0,04 0,47 Cfa

CEFE 0,49 6,32 127 4,00E-09 0,35 0,61 Am

SSA1 0,54 7,62 142 3,37E-12 0,41 0,65 Af

PEPE 0,58 8,77 151 3,50E-15 0,47 0,68 BSh

UFPR 0,59 8,27 130 1,37E-13 0,46 0,69 Cfb

PBCG 0,61 9,01 138 1,48E-15 0,49 0,70 As

PRGU 0,62 8,53 117 6,08E-14 0,49 0,72 Cfb

CEFT 0,63 8,80 120 1,19E-14 0,50 0,72 As

BELE 0,63 9,89 150 4,45E-18 0,52 0,72 Af

RNNA 0,64 9,67 134 4,19E-17 0,53 0,73 As

SALU 0,66 10,92 153 6,89E-21 0,56 0,74 As
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• Fit: linear x exponential
Examples:
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GROUP 1

Station CCK df R² Lin R² Exp

PPTE Aw 144 0,53 0,47

MGBH Cwb 154 0,55 0,71

MGRP Cwb 133 0,55 0,7

POLI Cwb 136 0,56 0,5

MGMC Aw 151 0,63 0,64

CUIB Aw 153 0,58 0,76

TOGU Aw 133 0,61 0,74

MGIN Cwb 143 0,57 0,73

GOJA Aw 153 0,68 0,75
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GROUP 2

Station CCK df R² Lin R² Exp

SCCH Cfa 71 0,07 0,12

CEFE Am 127 0,24 0,23

SSA1 Af 142 0,29 0,19

PEPE BSh 151 0,34 0,44

UFPR Cfb 130 0,34 0,34

PBCG As 138 0,37 0,4

PRGU Cfb 117 0,38 0,31

CEFT As 120 0,39 0,45

BELE Af 150 0,39 0,35

RNNA As 134 0,41 0,41

SALU As 153 0,44 0,4
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● ZWD and precipitation show similar annual cycles, following local wet–dry 
seasonality.

● The ZWD–precipitation relationship is positive and significant across most stations.

● Exponential fits performed better in seasonal climates (Aw, Cwa, Cwb).

● Some stations have less precipitation data, which should be interpreted with 
caution.

● GNSS-derived ZWD is a valuable proxy for atmospheric moisture monitoring and 
climate studies.
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Thank you!


