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Taking precipitation as an example, lagged and accumulated climatic variables were defined as follows:
 ,                  (7)
where PREt(m,n) is the PRE in the tth month with a m-month lag and nmonth accumulation, calculated as the mean value of PRE in the lag-month and n previous months before the lag month; m is the number of lag months; n is the number of accumulation months; and PREt-m-i represents the PRE (m + i) months before the tth month. Previous studies using the DLNM model with a temporal dimension found that the lag and cumulative effects of climate variables on brucellosis are typically less than 2 months. In our preliminary exploration of spatial lag and cumulative effects, we set a broader range to prevent overflow and improve validation. Therefore, the values of m and n range from 0 to 3, with their sum ≤ 4[[endnoteRef:0]].All other variables are defined in accordance with formula (7). Time lag and accumulation (TLA) 0-0 after inclusion of disease data indicates a lag of 0 months and a cumulative of 0 months[[endnoteRef:1]].  [0: [] Wu, D., Shen, X., Zhou, Q., et al. Risk effects of environmental factors on human 	brucellosis in Aksu Prefecture, Xinjiang, China, 2014–2023. Scientific Reports, 	2025, 15: 2908.]  [1: [] Ma M, Wang Q, Liu R, et al. Effects of climate change and human activities on 	vegetation coverage change in northern China considering extreme climate and 	time-lag and-accumulation effects[J]. Science of the Total Environment, 2023, 	860: 160527.] 

In the whole data processing process, spatial alignment adopts projection transformation to unify the grid coordinate system, follows:
 ,                    (8)
Where T is the affine transformation matrix, R is the rotation matrix, and B is the translation vector. is a coordinate point in the source data.
The time alignment method uses linear interpolation to interpolate the low-frequency data to the monthly scale, its core purpose is to solve the problem that multi-source data cannot be directly modeled and analyzed due to inconsistent time scales.
 ,                       (9)
 is the cumulative total or average of a variable over a year; represents an estimate that allocates or decomposes annual data into a specific month in a year. High frequency data is aggregated by moving average to the monthly mean.

Lagged data generation
First, we need to generate the corresponding lag data for each month. Set the index of the current month as i and the lag period as j (j from 1 to 10), where the lag period j represents the data of j months before the current month. In this study, we expressed the monthly raster data at different lag periods by environmental factors [image: ] (precipitation, vegetation cover, grazing intensity, temperature, VDP) as. That is, the relationship between the environmental factor data in month i and the lag period data before month j[[endnoteRef:2]]. The formula is given as follows: [2: [] Dong T, Liu J, He P, et al. Time Lag and Cumulative Effects of Extreme Climate on Coastal Vegetation in China[J]. Remote Sensing, 2024, 16(3): 528.] 


 ,                 (10)

where: i indicates the current month, j indicating the lag period,  is the current month i and under the lag period j of environmental factors data. When i-j <1 (that is, when the request is earlier than the lagging data of the data), equation (10) return a null value (Nan).

Cumulative effect achieved
The cumulative effect reflects the sustained impact of historical environmental variables on current disease transmission. Quantified through the moving window averaging method, this approach operates on the core principle that current environmental conditions are shaped not only by immediate circumstances but also by cumulative historical influences. The formula is as follows:
 ,                (11)
where m is the time lag parameter, which represents the delay time when the environmental effect appears; n is the cumulative parameter, which represents the duration of the influence; start and end are determined by t, m, and n, which specify exactly which period of historical environmental data to average; w is the window width, and the actual number of data points calculated is w = n+1. By calculating averages within specific time windows, the equation (11) consolidates scattered historical impacts into a comprehensive indicator. The value of  quantifies the cumulative impact of historical environmental factors on the current moment of disease transmission risk, and it represents the average state of environmental factors Env in a specific time window.
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